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particularly in the context of a growing population living with
multimorbidity in these settings. Lastly, when informing patients
about treatment for multimorbidity, communication channels and
language should be carefully considered, as this study showed that
literacy levels and access to media varied considerably between urban
and rural participants.

Strengths and limitations

Our study has some limitations. Firstly, we intended to recruit an
equal sample of men and women in the urban and rural areas, but
only succeeded in including 2 men in the rural sample. This was due
to the migration of men to urban areas for work, and their reduced
engagement in HIV/NCD care compared to women (81, 82). Secondly,
we only recruited two participants with self-reported depression, as
mental illnesses are underreported in this context, and therefore our
work cannot provide insights into additional issues experienced by
people with mixed mental-and physical multimorbidity (83). Thirdly,
all respondents lived with HIV/NCD multimorbidity, which means
that we did not gain insights about the experience of patients with
multimorbidity that did not include HIV as one of the combination of
conditions, so additional work with patients with other patterns of
multimorbidity would be worth exploring in future research. A key
strength is the comparative nature of the study, as urban and rural
interviews revealed a great variation within a common experience,
which demonstrates its potential transferability or relevance to a wider
or alternative setting. Participants accounts of living with
multimorbidity differed, based on their culture, background, and
social meanings. A further strength is the prolonged engagement
within the study sites, as we regularly visited the clinic in Gugulethu
and stayed in the local community of Bulungula for 2 weeks. Therefore,
the data collected provided rich insights on peoples’ treatment burden
and we were able to reach data saturation in both settings as previously
reported (46). The use of well-established theories of treatment burden
to frame the research and analysis, enhances the potential for
replication of this study in other settings (84).

Conclusion

Whilst we recognise that this is a small study and therefore
findings cannot be generalised for the population, we believe that this
study contributes meaningfully to the small body of literature that
explores and advances our understanding of the personal, lived
experiences of people with multimorbidity in low-income
Sub-Saharan settings. Our work demonstrates that the CuCoM and
the BoTT are viable theoretical underpinnings to investigate treatment
burden in low-income settings. However, our findings also emphasise
the impact of cyclical precariousness on patient workload and
capacity, and we suggest that this aspect should be incorporated as an
additional dimension to the BoT'T. This could make the framework
and future treatment burden measures more appropriate for use in
South Africa. Our work also showed that support structures, especially
in rural settings, positively impacted patients’ self-management
capacity, even when living in precariousness. To respond to the
increased multimorbidity health needs in low-income settings in
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South Africa, the results point to the need to introduce a basic income
grant that improves the standard of living, which can enhance self-
management capacity and health outcomes. Actively including family
and community support networks in self-management interventions
can further increase capacity. To achieve person-centred care, support
must be tailored to address the varying capacity of people to self-
manage their multiple chronic illnesses.
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2008-2018 CLHLS total surveyed 16954

Excluding 924 respondents aged <65, >104 years

Total of 16030 respondents aged 65-104 years

y

Excluding 2547 elderly who were lost at the first visit and
“| = respondents who died before the 2008 survey point

There are 13476 respondents remaining

y

Excluding 1139 respondents with missing data or at outliers

The final 12337 respondents were included in the analysis

FIGURE 1
Flow chart for the inclusion of respondents

mortality was explored based on stratifying age and sex.
The hazard ratios (HRs) for all-cause mortality with 95%
confidence intervals were expressed for the results. All statistical
analyses were performed using a two-sided test with a test
statistic of @ = 0.05.

3. Results

3.1. Descriptive statistics

This study comprised a total of 12,337 participants at baseline.
At the time of the survey, the M (P25, P75) was 87 (77, 94)
years; 55.3% were female subjects, 61.7% were uneducated, and
63.3% lived in rural areas. Of these, 3,732 (30.2%), 3,686 (29.9%),
and 4,919 (39.9%) were categorized as having no, single disease,
and multimorbidity (two or more diseases), respectively. More
than half of the participants with death were 80-94 years and
female, rural, uneducated, ADL normal, and had multimorbidity
(two or more diseases). The baseline characteristics of the
survey respondents are shown in Table 1. There were statistical
differences (p < 0.05) in age, residence, education, marital
status, smoking, drinking, physical exercise, BMI, sleep duration,
financial status, and ADL when comparing the deceased and
surviving groups.

3.2. Mortality

12,337
were

During the 10-year follow-up, out of the
8,297  (67.3%)

reported deceased. The study had a cumulative follow-up

participants  gathered at baseline,

of 27,428 person-years (median follow-up of 2.7 vyears),
of 67.3%,
density of 302.5 deaths per 1,000 person-years. As shown in
Table 2.

a cumulative mortality rate and a mortality
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3.3. Analysis of cox regression models of
multimorbidity coexistence and mortality
risk

Table 3 shows the HR of all-cause mortality according
those with
no disease served as the reference group. Increased risk of

to multimorbidity. Regarding multimorbidity,

mortality was significantly associated with multimorbidity.
In Model 3, the HR was 1.04 (95% CI, 0.98-1.10) for
one chronic disease and 1.12 (95% CI, 1.06-1.18) for
multimorbidity.

The Kaplan-Meier survival curve (Figure 2) results showed that
survival time M (P25, P75) was 2.7 (2.6, 2.7). Older people with
multimorbidity had a higher mortality rate than those without
disease, with a log-rank chi-square value of 69.4, p < 0.001,
indicating a statistically significant difference.

3.4. Stratified analysis of the association
between multimorbidity coexistence and
mortality risk

Next, we examined the stratified analysis of age and gender
on all-cause mortality. As shown in Table 4, concerning gender,
we observed a positive association between gender and mortality
in the fully adjusted model, with the HR for the risk of death
from multimorbidity being 1.15 (95% CI, 1.06-1.25) for men and
1.08 (95% CI, 1.01-1.17) for women (p < 0.05) compared to the
no disease group. For age, the HR for the risk of death due to
multimorbidity was 1.12 (95% CI, 1.05-1.21) for 80-94 years old
compared to the no disease group; the HR for the risk of death due
to multimorbidity was 1.11 (95% CI, 1.01-1.23) for 95-104 years
old (p < 0.05), but no differences in multimorbidity and mortality
were observed by 65-79 years.
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TABLE 1 Comparison of baseline characteristics of study participants by follow-up outcome, 2008—2018 (%).

10.3389/fpubh.2023.1110876

Variables Total (12,337) Death (8297) Survival (4040)
Age (years) 3121.3 <0.001
65-79 3,632 (29.4%) 1,160 (14.0%) 2,472 (61.2%)
80-94 5,765 (46.7%) 4,429 (53.4%) 1,336 (33.1%)
95-104 2,940 (23.8%) 2,708 (32.6%) 2,32 (5.7%)
Gender 3.06 0.08
Male 5,520 (44.7%) 3,667 (44.2%) 1,853 (45.9%)
Female 6,817 (55.3%) 4,630 (55.8%) 2,187 (54.1%)
Residence 56.5 <0.001
Urban 4,523 (36.7%) 2,853 (34.4%) 1,670 (41.3%)
Rural 7,814 (63.3%) 5,444 (65.6%) 2,370 (58.7%)
Living style 0.1 0.932
Living with family 10,182 (82.5%) 6,846 (82.5%) 3,336 (82.6%) 704
Other 2,155 (17.5%) 1,451 (17.5%) (17.4%)
years of education 393.5 <0.001
>1 4,728 (38.3%) 2,677 (32.3%) 2,051 (50.8%)
0 7,609 (61.7%) 5,620 (67.7%) 1,989 (49.2%)
Marital status 1130.7 <0.001
living with spouse 4,094 (33.2%) 1,928 (23.2%) 2,166 (52.9%)
Other 8,243 (66.8%) 6,369 (76.8%) 1,874 (46.4%)
Smoking 30.5 <0.001
No 1,0021 (81.2%) 6,852 (82.6%) 3,169 (78.4%)
Yes 2,316 (18.8%) 1,445 (17.4%) 871 (21.6%)
Drinking 19.8 <0.001
No 10,068 (81.6%) 6,861 (82.7%) 3,207 (79.4%)
Yes 2,269 (18.4%) 1,436 (17.3%) 833 (20.6%)
Exercise 277.6 <0.001
No 8,778 (71.2%) 6,297 (75.9%) 2,481 (61.4%)
Yes 3,559 (28.8%) 2,000 (24.1%) 1,559 (38.6%)
BMI (kg/m?) 396.3 <0.001
18.5-23.9 6,354 (51.5%) 4,201 (50.6%) 2,153 (53.3%)
<185 3,984 (32.3%) 3,065 (36.9%) 919 (22.7%)
>24 1,999 (16.2%) 1,031 (12.4%) 968 (24.0%)
Sleep status (hours) 2113 <0.001
6-10 9,631 (78.1%) 6,273 (75.6%) 3,358 (83.1%)
<6 1,496 (12.1%) 985 (11.9%) 511 (12.6%)
> 10 1,210 (9.8%) 1,039 (12.5%) 171 (4.2%)
Economic status 22.1 <0.001
Wealthy 1,654 (13.4%) 1,072 (12.9%) 582 (14.4%)
Average 8,455 (68.5%) 5,637 (67.9%) 2,818 (69.8%)
Poor 2,228 (18.1%) 1,588 (19.1%) 640 (15.8%)
(Continued)
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TABLE 1 (Continued)

10.3389/fpubh.2023.1110876

Variables Total (12,337) Death (8297) Survival (4040)

ADL 300.5 <0.001
Normal 9,067 (73.5%) 5,699 (68.7%) 3,368 (83.4%)

Disorders 3,270 (26.5%) 2,598 (31.3%) 672 (16.6%)

Morbidity 1235 <0.001
No disease (0) 3,732 (30.2%) 2,283 (27.5%) 1,449 (35.9%)

Single disease (1) 3,686 (29.9%) 2,451 (29.5%) 1,235 (30.6%)

Multimorbidity (>2) 4,919 (39.9%) 3,563 (42.9%) 1,356 (33.6%)

TABLE 2 Deaths during the follow-up of survey respondents.

Grouping Total number of The cumulative Cumulative Death density/1000

people/occurrences follow-up person mortality rate (%) person-years
years

Total 12,337/8297 2,7428 67.3 3025

Gender

Male 5,520/3667 12,531 66.4 292.6

Female 6,817/4,630 14,897 67.9 310.8

Age (years)

65-79 3,632/1,160 5,478 31.9 211.8

80-94 5,765/4,429 15,579 76.8 284.3

95-104 2,940/2,708 6,371 92.1 425.1

Morbidity

No disease 3,732/2,283 8,239 612 277.1

Single disease 3,686/2,451 8,356 66.5 293.3

Multimorbidity 4,919/3,563 1,0832 72.4 328.9

4. Discussion

This study showed the findings of the survival analyses
examining the effect of multimorbidity coexistence on all-cause
mortality among older people of the CLHLS cohort over a
10-year follow-up period. Multimorbidity is defined by the
presence of two or more long-term conditions, which are those
that cannot currently be cured but can be controlled through
medications or other treatments. Multimorbidity increases with
age, and the majority of people with multimorbidity are older
people (14). Multimorbidity coexistence is a relatively common
phenomenon for older people. In this study, a total of 19 chronic
diseases were investigated in the elderly people over 65 years
of age, and the prevalence of multimorbidity was found to be
39.9%, which is higher than the national prevalence of 28.06%
and is based on five common chronic diseases (hypertension,
diabetes, chronic obstructive pulmonary disease, asthma, and
tumors) (15).

This study found that individuals with multimorbidity are at
an increased risk of all-cause mortality compared with those with
no disease and a single disease. Multimorbidity is an independent
factor that increases the risk of death, and it can also be a
strong predictor of mortality. These results were significant even

Frontiersin Public Health

after having controlled for demographic characteristics, lifestyle,
and physiological health, a finding that is consistent with other
studies (16-18). The mortality risk increased for two or more
chronic diseases at 1.12 compared to the no chronic disease
groups. Basu’s study showed that the higher the number of
chronic diseases, the higher the degree of disability (19). Other
studies have also shown that multimorbidity coexistence will
lead to increased dementia, and frailty in the elderly people,
affecting the overall physical function and quality of life, even
produce significant financial burden on healthcare systems (20-
22).

In addition, this study further explored the relationship
between multimorbidity and mortality risk in older people by
gender and age group. The results showed that the risk of
death from multimorbidity coexistence was high in both male
and female older adults and that this risk of death was more
pronounced in male older adults. The discrepancy can be attributed
to the high burden of unhealthy lifestyle factors in male subjects
compared with female subjects, like most male subjects who
smoke and drink alcohol, which in turn leads to a higher
risk of death (23). This is consistent with the results of the
analysis of chronic diseases based on Chinese death surveillance
data from 2004 to 2018; the results show that at present and
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TABLE 3 Cox proportional risk regression model for factors influencing death in older people.

Morbidity Model 1 Model 2 Model 3

HR (95% Cl) P-value HR(95% CIl) P-value HR(95% CI) P-value
No disease 1.00 1.00 1.00
Single disease 1.07 (1.01-1.13) 0.02 1.03 (0.98-1.10) 021 1.04 (0.98-1.10) 0.19
Multimorbidity 1.19 (1.13-1.26) <0.001 1.10 (1.05-1.17) <0.001 1.12 (1.06-1.18) <0.001

HR, hazard ratio; 95% CI, 95% confidence interval. Model 1: corrected for sex, age, place of residence, and mode of residence; Model 2: further adjusted for education, marriage, smoking,

alcohol consumption, exercise, economics, and ADL; Model 3: further adjusted for sleep, and BMI.

1.0

08

06

Survival analysis functions

—I1No disease
— -Single disease
— T Multimorbidity

04

Survival probability

02

00

.00 2.00 4.00 6.00

FIGURE 2
Kaplan—Meier survival curve.

Survival time (year)

8.00 12.00

in future, the male age-standardized mortality rate is higher
than that in female subjects (24). The age analysis found no
differences in multimorbidity and mortality observed by 65-79
years old, compared to the no disease or single disease. The risk
of death due to multimorbidity for 80-94 years old and 95-
104 years old is statistically significant, with a significant risk
of death among 80-94 years old compared to 95-104 years old.
Similar to previous studies (25, 26), these findings showed that
multimorbidity was more likely to occur among those of older
age than those of younger age. This may be because the elderly
people are gradually aging with the increase of age, with reduced
immunity, and degenerative changes were observed in each system
organ, resulting in the increased risk of suffering from multiple
chronic diseases.

In summary, the accelerated effect of multimorbidity on elderly
people’s health, and the gender and age difference of the effect
should cause great attention to all sectors of society. In the context
of disease transition and aging society, multimorbidity coexistence
has become a key factor hindering the improvement of the health
level of elderly people in China, Older people “live long but
it is necessary to make them “live well.” Currently, there is no

Frontiersin Public Health

effective treatment for multimorbidity and still needs frequent
general practice consultations, complex and structured care, as
well as coordination between health and social sectors (27). From
the National Institute for Health and Care Excellence (NICE)
record an approach to care that takes account of multimorbidity,
involving a personalized assessment and the development of an
individualized management plan (28). This study aimed to improve
quality of life by reducing treatment burden, adverse events, and
unplanned or uncoordinated care. Focusing on the quality of
life and symptoms of patients with multimorbidity became the
main target.

This study analyzed the effects of multimorbidity coexistence
on the all-cause mortality risk. In addition, the relationship
between multimorbidity and mortality was explored based on
stratifying age and gender. Relevant conclusions can provide
some reference for paying clinical attention to key risk groups
and providing intervention measures in future. However, there
are some shortcomings in this study. First, the study examines
the number of diseases rather than the pattern of diseases,
which needs to be supplemented by further research. Second,
the data limitations of this study do not allow for a detailed
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TABLE 4 Stratified analysis of multimorbidity coexistence and mortality
risk in older people.

Variables HR 95% ClI P-value

Gender

Male

No disease 1.00

Single disease 1.041 0.96-1.13 0.338

Multimorbidity 1.153 1.06-1.25 <0.001

Female

No disease 1.00

Single disease 1.028 0.95-1.11 0.504

Multimorbidity 1.084 1.01-1.17 <0.032

Age (years)

65-79

No disease 1.00

Single disease 1.115 0.96-1.29 0.14

Multimorbidity 1.083 0.94-1.25 0.28

80-94

No disease 1.00

Single disease 1.029 0.95~1.11 0.458

Multimorbidity 1.124 1.05~1.21 0.002

95-104

No disease 1.00

Single disease 1.021 0.92-1.14 0.71

Multimorbidity 1.108 1.01-1.23 <0.045
Adjusted to Model 3.

examination of individual disease subsections. Finally, the data
used for multimorbidity were self-reported by patients, which may
underestimate the chronic disease status of the study population.

5. Conclusion

This study analyzed the effect of multimorbidity on all-cause
mortality using data from a 10-year cohort of the CLHLS. This
study showed that individuals with multimorbidity are at an
increased risk of all-cause mortality compared with those diseases
alone, especially in 80-94 years and male elderly adults. Therefore,
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Background: Pulmonary embolism (PE) is not only a life-threatening disease but
also a public health issue with significant economic burden. The aim of the study
was to identify factors—including the role of primary care—that predict length of
hospital stay (LOHS), mortality and re-hospitalization within 6months of patients
admitted for PE.

Method: A retrospective cohort study was conducted with patients presenting
to a Swiss public hospital with PE diagnosed at the hospital between November
2018 and October 2020. Multivariable logistic and zero-truncated negative
binomial regression analyses were performed to assess risk factors for mortality,
re-hospitalization and LOHS. Primary care variables encompassed whether
patients were sent by their general practitioner (GP) to the emergency department
and whether a GP follow-up assessment after discharge was recommended.
Further analyzed variables were pulmonary embolism severity index (PESI) score,
laboratory values, comorbidities, and medical history.

Results: A total of 248 patients were analyzed (median 73 years and 51.6%
females). On average patients were hospitalized for 5 days (IQR 3—8). Altogether,
5.6% of these patients died in hospital, and 1.6% died within 30 days (all-cause
mortality), 21.8% were re-hospitalized within 6 months. In addition to high PESI
scores, we detected that, patients with an elevated serum troponin, as well as
with diabetes had a significantly longer hospital stay. Significant risk factors for
mortality were elevated NT-proBNP and PESI scores. Further, high PESI score
and LOHS were associated with re-hospitalization within 6months. PE patients
who were sent to the emergency department by their GPs did not show
improved outcomes. Follow-up with GPs did not have a significant e ect on re-
hospitalization.

Conclusion: Defining the factors that are associated with LOHS in patients with PE
has clinical implications and may help clinicians to allocate adequate resources
in the management of these patients. Serum troponin and diabetes in addition
to PESI score might be of prognostic use for LOHS. In this single-center cohort
study, PESI score was not only a valid predictive tool for mortality but also for
long-term outcomes such as re-hospitalization within 6 months.

LOHS, pulmonary embolism, risk factors, length of hospital stay, multi morbidity,
rehospitalization, in hospital death
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1. Introduction

Pulmonary embolism (PE) is a serious, potentially life-threatening
health condition that represents the third major cause of cardiovascular
death behind myocardial infarction and cerebrovascular accidents (1, 2).
PE can be considered a central public health issue since it is associated
with a substantial economic burden (3-6).

The exact incidence rate for PE is not available but estimates range
from 39 to 115 per 100,000 population. Additionally, as the incidence
of PE rises with age, PE rates can be expected to continue increasing
even further due to the rapidly ageing population in high-income
countries, and therefore to significantly impact morbidity, mortality,
and healthcare costs (6, 7). Most nations have an urgent dilemma in
the realm of public health: how to address the difficulties brought on
by the rise in the number of PE patients while utilizing the available
medical resources to better fulfill their medical demand without
impacting on cost and overtreatments.

Over the past decades, the incidence rate of PE has increased in
Europe, whereas the mortality rate and the length of hospital stay
(LOHS) have slightly decreased, due to advances in treatments and
diagnostics (8-12). In a retrospective, Italian cohort study of 328
patients with PE, despite a trend in reduction in LOHS, the mean and
median have not significantly decreased, due to a very small
percentage (3%) of patients who received an ultra-early discharge and
a large percentage of patients who were discharged within 6 days
(31.5%) (13). LOHS is considered a crucial characteristic for health
reports when it comes to the management and evaluation of inpatients
and is a significant signal for the assessment of hospitals’ service
quality (14). Several factors can influence LOHS in patients with PE
such as sociodemographic, health-related characteristics and hospital
care-related features (15-17). Due to the wide variability of influencing
factors, there is no uniform approach to predict the length of
stay for PE.

The primary aim of the study was to identify which factors may
affect the length of stay of patients admitted for PE. The identification
of patient characteristics influencing LOHS may allow decision-
makers to plan hospital management accordingly.

Particularly we retrospectively explored if the primary outcome
length of hospital stay for PE was influenced by commonly available
sociodemographic and health-related variables measurable at
entry time.

Although a reduced length of stay decreases hospital costs, it
might negatively affect the quality of care. For this reason, as secondary
outcomes, we analyzed factors associated with all-cause mortality (in
hospital or 30 days mortality) and rehospitalization within 6 months.

Abbreviations: BMI, Body mass index; BP, Blood pressure; BPM, Beats per minute;
Cl, Confidence interval; CTPA, Computed tomography pulmonary angiogram;
DVT, Deep vein thrombosis; GP, General practitioner; HR, Heart rate; ICD,
International Classification of Diseases; IQR, Interquartile range; IRR, Incident risk
ratio; KSBL, (Kantonsspital Baselland) cantonal hospital of Baselland; LOHS, Length
of hospital stay; NT-proBNP, N-terminal pro b-type natriuretic peptide; OR, Odds
ratio; PE, Pulmonary embolism; PESI, Pulmonary embolism severity index; ROC,
Receiver operating characteristic; SD, Standard deviation; VTE, Venous
thromboembolism.
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2. Materials and methods
2.1. Design and setting

Our study was conducted in the cantonal hospital of Baselland
(KSBL), a district general hospital covering a stable population of
280,000 in Northwest Switzerland. We undertook a retrospective
cohort study with 378 consecutive patients hospitalized at the KSBL
at the medical or surgical ward and who received the diagnosis of
pulmonary embolism (according to the primary International
Classification of Disease codes) during their hospital stay between
November 2018 and October 2020. We were able to access the
electronic case notes of 378 patients to retrieve presenting symptoms
and clinical signs that have been associated with PE. Further, socio-
demographics, vital signs, comorbidities and discharge variables
(mortality and re-hospitalization) were assessed.

2.2. Inclusion and exclusion criteria

Data of these patients were individually reviewed. Patients were
included in the study if a new PE was the main reason for their
hospitalization and their diagnosis was confirmed by computer
tomographic pulmonary angiogram (CTPA), scintigraphy or duplex
ultra-sound by a specialist (deep vein thrombosis (DVT) combined
with PE specific symptoms) within 12h after presentation.
Alternatively, they were also included if confirmatory, diagnostic
imaging was performed later, but anticoagulant treatment was started
within 12h after presentation to the hospital due to high clinical
suspicion of PE.

The following patients were excluded:

« Denied research consent.

« PE only as a suspected diagnosis and never confirmed with any
imaging method.

o Primarily hospitalized for another reason, and PE was diagnosed
after >12h.

« Transferred from/to another hospital and therefore no complete
case documentation.

After the application of the eligibility criteria, 248 patients were
included in the analysis.

2.3. Statistical analyses

The outcome variables comprised LOHS (primary outcome),
all-cause mortality in hospital and 30days, and re-hospitalization
within 6 months (secondary outcomes).

To minimize the risk of bias, optimism, and overfitting, no
data-driven selection of variables was done. We selected potential
predictors based on the literature and on clinical knowledge. Two
researchers conducted a literature review and consulted clinical
experts in the field. All variables are included in Table 1. Predictors
included the PESI score based on age at entry, sex, history of
cancer, history of chronic lung disease, history of heart failure,
respiratory rate, hypothermia (below 36 degrees Celsius), systolic
blood pressure (BP) <100 mmHg, heart rate (HR) >110bpm, O,
saturation (SpO,) below 90%, altered mental status, and respiratory
rate >30/min (18).
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TABLE 1 Patient characteristics.

Demographic

Age at diagnosis, median (IQR) in

years

All (n=248)

73 (62-81.5)

Missing n (%)

Gender (female)

128 (51.6%)

Insurance type

General 199 (80.2%) --
Half-private 30 (12.1%) --
Private 19 (7.7%) --
Vital signs
Heart rate (bpm), mean (SD) 92.1(19.7) --
Tachycardia (>100 bpm) 76 (30.6%) --
Blood pressure systolic (mmHg),
P 4 & 140.7 (24.9) .
mean (SD)
Blood pressure diastolic (mmHg),
83.1(14.1) -
mean (SD)
Hypotension (<100/60 mmHg), 1 (%) 11 (4.4%) --

Hypertension (>140/90 mmHg), n
(%)

124 (50%)

TABLE 1 (Continued)

10.3389/fmed.2023.1120977

Housing situation before admission
Private home, n (%) 211 (85.1%) --
Care facility, n (%) 37 (14.9%) --
Sent by GP, n (%) 122 (49.2%) --
Data of 14 patients
Follow-up with GP, n (%) 72 (29%)
missing (died)
Data of 14 patients
Discharge destination
missing (died)
Private home, n (%) 200 (80.6%)
Care facility, n (%) 34 (13.7%)
Data of 14 patients
Rehabilitation unit, n (%) 21 (8.5%)
missing (died)
Outcomes
Length of stay, in nights, median 5(3-8)
(IQR) Median 5 (3-8)
Rehospitalization at KSBL within Data of 14 patients
51(21.8%)
6 months after discharge, n (%) missing (died)
Death 18 (7.3%) -
Death (in hospital death) 14 (5.6%) --
Death (30 days mortality) 4 (1.6%) --

Respiratory rate (/min) mean (SD) 20.4 (5.7) 35(14.1%)
Hypothermia (<36°C), n (%) 9 (3.6%) --
Oxygen saturation, mean (SD) 93.8 (4.8) --
Oxygen requirement 36 (14.5%) --

Comorbidities 229 (92.3%) --
Dyslipidemia, 7 (%) 44 (17.7%) --
Diabetes, 1 (%) 37 (14.9%) --
Cardiovascular disease, n (%) 86 (34.7%) --

Heart failure, n (%) 5(2%) --
Chronic lung disease, n (%) 44 (17.7%) --

Rheumatic disease, n (%)

30 (12.1%)

Mental disease, 1 (%)

55 (22.2%)

Altered mental status, 1 (%)

5(2.2%)

Active cancer, n (%)

30 (12.1%)

Medical history

Previous VTE, n (%) 58 (23.4%) --
Previous PE, n (%) 26 (10.5%) --
Previous DVT, n (%) 44 (17.7%) --

History of cancer, n (%) 50 (20.2%) --

History of hypertension, 1 (%) 126 (50.8%) --

PESI

PESI score, mean (SD) 96.8 (31.4) --

PESI retrospectively calculated, 1 (%)

200 (81%)

Frontiers in Medicine

Laboratory values
NT-proBNP, (ng/L) median (IQR)* 499 (125-2,479) 70 (28.2%)
Troponin-T hs (ng/L), median 16.95 (7.22-
94 (37.9%)
(IQR)** 44.38)
Entry and discharge circumstances
(Continued)

*NT-proBNP normal range < 125 ng/L.
**Troponin-T hs < 14 ng/L.

Other variables of interest were body mass index (BMI), a medical
history of dyslipidemia, diabetes, or previous PE. Laboratory values of
interest were serum N-terminal pro B-Type natriuretic peptide
(NT-proBNP) and Troponin-T high-sensitive (hs). The analysis of
LOHS was primarily on patients that were discharged alive, a
sensitivity analysis was performed on the full data set.

Further, the housing situation before admission and admission via
another doctor (usually the GP) were entered into the models. For
re-hospitalization outcome, we further entered the variable if GP
follow-up was suggested and the LOHS.

For descriptive statistics as measures of central tendency,
we displayed mean and standard deviation (SD) in case of normal
distribution and median with interquartile range in case of skewed
distribution, which was assessed through histograms assessment.
For categorical variables we reported absolute and
relative frequencies.

Variables with missing values were imputed using the k-Nearest
Neighbor algorithm [function knn.impute from the R package
“bnstruct” (19)]. A zero-truncated negative binomial regression was
conducted to estimate the LOHS and its association with potential risk
factors using the R package “VGAM. As a sensitivity analysis, all
regression models were additionally performed on the original,
non-imputed data set.

Logistic regression models were created to estimate the risk of
death and rehospitalization, and its association with potential
risk factors.

All statistical analyses were performed using R, version 4.0.3
statistical software (R Foundation for Statistical Computing). All
p-values reported were 2-sided; statistical significance was defined as
p<0.05.
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3. Results
3.1. Patient characteristics

A total of 378 patients were identified who received the diagnosis
of pulmonary embolism during their hospital stay. After the exclusion
of 24 patients who declined research consent, 15 patients in which the
diagnosis was not confirmed with imaging methods, 67 patients who
were diagnosed more than 12 h after admission, and a further 24 who
had incomplete diagnostic documentation, 248 cases were analyzed.
The patient characteristics are shown in Table 1.

The median age at admission was 73 years (range 19-96) and
51.6% were female. The majority of the patients had general
insurance (80%). Vital signs measured at admission revealed that
the mean HR was 92.1 but one third of the patients presented to
the hospital with tachycardia (30.6%). The average blood pressure
was 141/83 mmHg, while half of the patients had hypertension
while only a minority of the patients had hypotension, (4.4%).
Body temperature was usually in the normal range and oxygen
saturation was on average 93.7%, but some of the patients needed
oxygen supply at entry (14.5%).

The majority of the patients had comorbidities (92.3%), the three
most frequent disease types were: cardiovascular (34.7%), mental
(22.2%) and chronic lung diseases (17.7%). Patients’ history revealed
that previous VTE occurred in 23.4%, the most frequent one was
DVT, followed by PE whereas 12 patients had both (4.8%).

Pulmonary embolism severity index (PESI) score was calculated
at admission in 19% of the cases, in the remaining 81% of the cases the
PESI score was calculated retrospectively. The mean of the PESI score
was 96.8 (SD=31.4). Regarding the laboratory values, NT-proBNP
was measured in 71.8% of the patients and the values had a median of
499ng/1 (IQR 125-2,479), whereas troponin-T hs was measured in
62% of the patients with a median of 16.9ng/1 (6.84-46.2).

Before admission most of the patients lived independently, but
14.9% were admitted from a care facility. Almost half of the patients
were sent to the hospital by a GP (49.2%). After the discharge, a
follow-up with a GP was organized in 29% of all cases. The majority
of the patients returned to their private homes (80.6%) while 13.7%
were transferred to a care facility or a rehabilitation center (8.5%).

Out of 248 hospitalized patients with pulmonary embolism, 14
patients died during the hospital stay and were excluded from
regression analyses with outcome LOHS and re-hospitalization.
Patients with PE who did not die within the hospital stayed for a
median of 5days (IQR 3-8). Additionally, four patients died within
30days (1.6% of the total patients) and rehospitalization at KSBL
within 6 months after discharge occurred in 21.8% of the cases.

3.2. Prediction of LOHS

Our primary aim was to identify factors that predict
LOHS. Table 2 provides coefficient estimates for predictors of
LOHS in patients who did not die. Regression coeflicients are
shown as incident risk ratio (IRR). Patients with higher PESI scores
(IRR=1.068, 95%CI [1.034-1.104], value of p<0.001), higher
troponin values [IRR=1.433, 95%CI (1.189-1.727), value of
p<0.001], and with diabetes [IRR =1.293, 95%CI (1.007-1.66),
value of p 0.044] had significantly longer LOHS.

Frontiers in Medicine

10.3389/fmed.2023.1120977

TABLE 2 Results of multivariable zero-truncated negative binomial
regression model for length of hospital stay (LOHS) estimation in
pulmonary embolism survivors (n=234).

LOHS IRR (95%Cl)  Pr(>|z])

prediction
(Intercept):1 5.899 2.422 (1.742-5.722) 0.004
PESI score (per 10
points) 6.273 1.068 (1.034-1.104) <0.001
NT-proBNP (per
1,000 units) 6.012 1.021 (0.997-1.045) 0.089
Troponin-T hs (per
100 units) 8.297 1.433 (1.189-1.727) <0.001
Pervious PE 6.485 1.107 (0.829-1.478) 0.492
Previous DVT 5.482 0.924 (0.724-1.178) 0.522
Diabetes 7.517 1.293 (1.007-1.66) 0.044
Cardiovascular
diseases 6.904 1.183 (0.969-1.443) 0.098
Dyslipidemia 5.041 0.842 (0.66-1.075) 0.168
BMI 6.039 1.026 (0.87-1.209) 0.763
Housing situation
before admission 5.104 0.854 (0.656-1.112) 0.241
Sent by doctor 598 1.015 (0.846-1.217) 0.873

Statistically significant variables p < 0.05.

The LOHS prediction at the intercept (5.899 days) is the LOHS
when all covariates are at 0 (for categorical covariates) or at their mean
(for continuous covariates). The predicted LOHS of the model for each
variable is presented for one unit increase. If the PESI score increases
by one unit (on the original scale per 10 points), the predicted LOHS
increases from 5.89 to 6.27 days. A higher increase occurs when the
Troponin increases by one unit (on the original scale per 100n/L) the
predicted LOHS rise to 8.3 days. People with diabetes compared to
those without tend to stay two nights longer, assuming all other
variables are held constant.

Our secondary aims included the analyses of factors associated with
mortality and rehospitalization rates. The results of the univariate logistic
regression models for mortality, adjusted for PESI score, are displayed in
Table 3. Higher PESI scores and NT-proBNP values were significantly
associated with mortality in patients with pulmonary embolism [OR
1.617, 95%CI (1.359-1.981), value of p<0.001 and OR 1.091, 95%CI
(1.012-1.171) value of p 0.013, respectively]. No other variable was found
to be statistically significant in the association with the mortality rate.

The results of our secondary multivariable analysis concerning
rehospitalization rate are reported in Table 4. The odds for
rehospitalization within 6 months in KSBL were also significantly higher
for patients with a higher PESI score and for patients with a higher LOHS
[OR 1.183, 95%CI (1.041-1.353) value of p 0.012 and OR 1.099, 95%CI
(1.031-1.183) value of p 0.007, respectively]. No other variable was found
to be statistically significant in the association with rehospitalization.

4. Discussion

This retrospective observational cohort study of patients with PE
showed that LOHS is influenced by PESI score, serum troponin values
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TABLE 3 Results of univariate logistic regression model for mortality
(in-hospital or within 30days) in pulmonary embolism (n=18).

OR (95%Cl) Pr(>|z|)

PESI score 1.617 (1.359-1.981) <0.001
NT-proBNP 1.091 (1.012-1.171) 0.013
Troponin-T hs 0.139 (0.003-1.949) 0.249
Previous DVT 0.41(0.022-2.322) 0.408
Diabetes 0.782 (0.152-2.979) 0.74
Cardiovascular diseases 1.628 (0.537-5.073) 0.388
Dyslipidemia 0.341 (0.043-1.611) 0.229
BMI 0.443 (0.117-1.399) 0.199
Housing situation before

admission (care facility) 1.443 (0.367-4.715) 0.575
Sent by doctor 1.423 (0.454-4.715) 0.548
LOHS 1.056 (0.967-1.137) 0.172

All variables were adjusted for pulmonary embolism severity index (PESI) score. Statistically
significant variables p < 0.05.

TABLE 4 Multivariable logistic regression model for rehospitalization in
pulmonary embolism (n=51).

OR (95%Cl) Pr(>|z|)

PESI score 1.183 (1.041-1.353) 0.012
NT-proBNP 0.934 (0.831-1.03) 0.546
Troponin-T hs 0.853 (0.265-1.926) 0.957
Previous PE 0.522 (0.116-1.772) 0.339
Previous DVT 1.346 (0.495-3.456) 0.545
Diabetes 1.917 (0.733-4.893) 0.175
Cardiovascular diseases 1.871 (0.873-4.013) 0.106
Dyslipidemia 0.525 (0.181-1.372) 0.208
BMI 0.747 (0.36-1.437) 0.404
Housing situation before

admission (care facility) 0.815 (0.279-2.139) 0.69

Sent by doctor 1.019 (0.501-2.076) 0.959
Follow up with GP 1.352 (0.626-2.869) 0.435
LOHS 1.099 (1.031-1.183) 0.007

Statistically significant variables p < 0.05.

and diabetes. Other factors such as medical history, other types of
comorbidities and whether the patients were sent to the hospital by a
GP were not associated with longer LOHS.

Pulmonary embolism severity index score is a validated
prognostic model for PE devised by Aujesky and colleagues (20).
Originally it was developed to predict 30-day mortality using 11
clinical criteria [age at entry, sex, history of cancer, history of
chronic lung disease, history of heart failure, respiratory rate,
hypothermia (below 36 degrees Celsius), systolic blood Pressure
<100 mmHg, heart rate >110bpm, oxygen saturation below 90%,
altered mental status, and respiratory rate > 30 breaths per minute
(20)]. The PESI score was also implemented to identify low-risk
patients who might be treated outside the hospital and
consequently be eligible for early discharge (18). In line with other
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studies, our results also confirm the prognostic validity of the PESI
score in predicting the length of hospital stay (21, 22). The role of
PESI in LOHS was confirmed by Rodriguez et al. (23), however the
impact of the single items composing the score was unclear. For
this reason, in our study, we have also analyzed the items of the
PESI score separately and we found that age, sex heart rate over
110bpm, oxygen saturation <90% and heart failure were
significantly predictive for LOHS (for more details see Table Al in
the appendix).

A strong finding of our research is that serum troponin was
statistically significant in association with LOHS, despite the model
being controlled for cardiovascular disease. This trend was noted
by Muktar et al. in 2018 where patients who had long LOHS had
higher values of cardiac biomarkers compared to those with short
LOHS, but no statistically significant difference was found in their
study, possibly due to the small sample size (22). Elevated cardiac
troponins are known to indicate subendothelial ischemia in the
right ventricle (24) and to be associated with right ventricular
dysfunction and pulmonary hypertension in acute PE (25, 26).
These complications may explain the found association with
extended LOHS.

Another point worth discussing is the fact that diabetes was the
only health condition associated with longer LOHS. Previous studies
have investigated the relationship between diabetes and PE incidence
(27) or demonstrated that patients with diabetes have worse outcomes
compared to patients without diabetes, especially in terms of mortality
(28) or hospitalization rate (29). A recent study by Schmitt et al. found
that PE patients with diabetes had prolonged LOHS (30), which is
confirmed by our results. So, despite advances in treatments, diabetes
is still associated with a higher risk of adverse outcomes and healthcare
providers should take this finding into account. Although PE patients
who also suffer from diabetes are at elevated risk for adverse events
and a complicated clinical course (30, 31), further studies are required
in order to clarify the underlying mechanisms and impact of disturbed
glucose metabolism on the generation and clinical outcome of PE in
light of LOHS.

The study followed up patients until late 2020 (the first year of the
COVID-19 pandemic), however only one case out of 248 in our
sample was tested positive for the SARS-CoV-2 virus. The reason why
the proportion of patients with a positive test is low relies on our
inclusion criteria, since we selected patients who were hospitalized
with pulmonary embolism as their main diagnosis (reason for
hospitalization). The majority of patients hospitalized with COVID-19
received a different ICD code as their main diagnosis and are not
captured in our cohort.

Our secondary aim was to assess which factors were associated
with morality rate. The overall in-hospital (5.6%) and the 30-days
mortality rate (5.6 and 1.6%) observed in this study, were relatively
low compared to that reported in recent studies by Matskiv et al. and
by Jiménez et al. (32) (11.9 and 5.4%, respectively). Our results showed
that mortality was associated with elevated values of NT-proBNP in
addition to the PESI score. As previously stated, the PESI score is the
most validated prognostic model for PE in predicting mortality and
our study confirms this association and is in line with previous
publications (17, 18, 20, 21, 33, 34).

The role of biomarkers in all-cause mortality of patients with
pulmonary embolism has been debated. A meta-analysis by Lega
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et al. (35) showed that higher level of NT-proBNP was associated
with higher risk of adverse outcomes, all-cause mortality among
them. Interestingly in our research, we detected a difference
between the role of NT-proBNP and troponin values. As
previously discussed, our study revealed that higher serum
troponin was significantly associated with LOHS whereas
NT-proBNP was associated with mortality. The meta-analysis of
Klok et al. (36) found that high concentrations of BNP in PE
patients were associated with complicated in-hospital course and
death, while LOHS was analyzed in particular. Another meta-
analysis by Beccatini et al. (37) showed that elevated values of
troponin were indicator of high risk for short-term death in
patients with acute PE, but the study limited his research to
troponin values only and did not include NT-proBNP values. In
a recent Swiss study by Benmachiche et al. (38) results revealed
that patients with high levels of NT-proBNP were at higher risk
of in-hospital mortality and longer LOHS, regardless of their
clinical characteristics. Although in other conditions like acute
coronary syndrome, the level of NT-proBNP provided better
predictive power than troponin (39), this difference in PE
patients has still to be established. Ultimately, the precise role of
biomarkers in early risk stratification is fundamental since PE
may present with a wide spectrum of symptoms but in some cases
with no evident symptoms. Biomarkers might be fundamental in
order to detect a serious condition and allow consequently
treatment adjustment with more aggressive therapy.

Our secondary outcomes included rehospitalization rates.
We detected that in our study population rehospitalization within
6 months was significantly influenced by PESI score and in addition
by LOHS but not by other factors. PESI score has been validated in
studies with a relatively short-term follow-up (30 and 90 days
mortality), (17, 33, 40) one study showed its accuracy in predicting
long-term prognosis (6 month and 1 year mortality) (33) but its
accuracy in predicting long term outcome in terms of
rehospitalization in 6 months has not been established. The role of
LOHS and its association with the risk of rehospitalization has
been debated in research (41-44). Literature suggests that both
short length of stay and long length of stay can be associated with
rehospitalization rates. On one hand, a shortening of the length of
stay could point to the so colloquially called “bloody” discharges,
where the patient is not yet in a sufficient state of health or still has
open problems (45, 46). On the other hand, a longer length of stay
could be associated with rehospitalizations because it could occur
especially in critically ill people and multimorbid elderly patients,
who are subsequently exposed to a higher risk of readmission (41,
43). In order to test the association of LOHS with rehospitalization
we visualized the frequency of rehospitalization versus LOHS and
detected rather a linear tendency, as the LOHS increased so did the
percentage of rehospitalization rates (Figure 1). For the above-
mentioned reasons, we included LOHS in our model as a
continuous variable and did not dichotomize it in short versus long
length of hospital stay. The explanation for such tendency is that
patients with pulmonary embolism hospitalized in KSBL are on
average old and multimorbid patients. The positive aspect of
these results is that patients were usually not discharged too
early and a short length of stay did not result in a higher risk
of rehospitalization.
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FIGURE 1
Frequency of rehospitalization versus length of hospital stay (LOHS).
Rehospitalization rates increases with longer length of hospital stay
in approximately lineal relationship.

In all our analyses the PESI score had significant influence on
LOHS, mortality and rehospitalization. PESI score is an essential
parameter for determining how to proceed with the patient (e.g.,
outpatient treatment, surveillance) (47). Therefore, whenever it is
not calculated, the patient is at risk of being under- or overtreated.
By definition, the PESI score is used to predict 30 day mortality and
is a widely validated model that uses clinical parameters to stratify
patients into five risk levels (20).Unfortunately, in our study PESI
score was only calculated at the time of admission in 19% of the
cases, in the remaining 81% of the cases the PESI score was
calculated retrospectively.

Published audits on the management of PE patients only cover
very particular aspects of the process, for instance, the use of
clinical decision rules (48) or treatment strategies (49) or only look
at single subsegmental PE (50) and do not focus on the frequency
of the PESI score calculation. Therefore, do not know if the
proportion is representative of usual practice. In our opinion, the
fact that the PESI score is poorly reported can be due to two
factors: either other indicators are given priority in the emergency
department, or the PESI was actually calculated but not entered
into the patients’ records.

The criteria that make up the score refer to easily accessible
information and vital signs that can be measured by a GP. Moreover,
the score is of high importance in predicting not only severity and
mortality but also LOHS and the likelihood of re-hospitalization.
Therefore, we believe that it may be appropriate for GPs who suspect
pulmonary embolism to already calculate the PESI when sending a
patient to the hospital.

4.1. Comparison between multivariable
models and sensitivity analysis

In our study we assessed the association between PESI score in
addition to other risk factors and we also assessed the parameters
PESI
Appendix Figure Al LOHS prediction the receiver operating

composing the score alone. As displayed in the
characteristic (ROC) curve shows a higher accuracy for the model
with other parameters in addition to PESI score compared to the
model with PESI score alone and this is valid both for 5 days prediction

(median LOHS) and for 8 days prediction (the upper IQR).
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The sensitivity analysis on the full data for the prediction of LOHS
did not give any other predictor except for NT-proBNP which was
predictive for in-hospital death. The sensitivity analysis on the full
data for the prediction of the PESI items only on LOHS shows the
same results as the analysis performed on the patients that were
discharged alive.

4.2. Strengths, limitations, and further
research

Despite the availability of a large amount of data regarding the
prognosis of PE patients, only a few studies have investigated
possible predictors of LOHS in these patients (15, 21, 51). The
novelty of our study is that the analysis did not limit its focus just
to the PESI score. Our analysis looked at a broader range of
variables (demographic, health-related risk factors and the role of
primary care) as well as the PESI score and determined their
associations with outcomes of interest. The data collection
involving manual extraction of information was conducted by a
doctor alone but subsequently, the parameters forming the PESI
score were reviewed independently by two researchers. The
characteristics of the sample of this study are comparable with
other cohorts with a bigger sample size, for example in our study
the median age was 73years 52% were female and 50% had
hypertension as a comorbidity. In a German study from 2018 with
almost 1 million PE patients, the median age was 72, 54% were
female and 43% had hypertension (8).

All statistical analyses that were primarily performed on imputed
data have also been applied to the non-imputed dataset, the statistical
significance of the variables with missing data did not differ in the two
models. The sensitivity analysis demonstrated that the internal validity
of our research was not impacted by missing data.

There are some limitations to this study. As a retrospective study
design, the data quality depends on precise documentation in the
patient files. Particularly we assumed that if the PESI score was not
reported, the clinician did not calculate it, so we could have
underestimated the percentage of patients with a PESI calculation at
entry to hospital. Additionally, information about rehospitalization
within 6 months was only possible within KSBL: due to privacy policy,
it was not possible to access information about rehospitalizations in
other hospitals. However, in Switzerland readmissions usually occur
within the same hospital; a Swiss study has shown that only 17% of
unplanned readmissions occurred at a different hospital (41). Our
results concerning mortality and rehospitalization rates must
be interpreted carefully since their occurrence was relatively low (18
and 51 patients, respectively).

Further research to prospectively validate the statistical model’s
accuracy in predicting LOHS—ideally in multicenter studies with a
larger sample size—is needed.

5. Conclusion

Understanding the factors that are associated with LOHS in
patients with PE has clinical implications and may help healthcare
providers to deliver efficient care and to allocate adequate
resources in the management of these patients. In summary, the
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results of this study showed that the PESI score is a major
predictor of LOHS, mortality and rehospitalization in PE patients.
Diabetes is an additional risk factor that healthcare providers
should be aware of. Even though cardiac biomarkers and
comorbidities are predictors of LOHS, their role in defining
mortality and rehospitalization is yet to be established. Moreover,
our study confirmed the essential role of PESI score calculation
in the management of PE patients, clinicians and GPs should
be aware of and perform the calculation as soon as PE
is diagnosed.

Data availability statement

The dataset presented in this article is not readily available because
it contains sensitive human personal data. All data generated were
analyzed during this study and the results included in this article.
Further inquiries can be directed to the corresponding author. Requests
to access the datasets should be directed to JL, joerg.leuppi@ksbl.ch.

Ethics statement

The studies involving human participants were reviewed and
approved by Nordwest- and Zentralschweiz ethic commission
(Project-ID  2021-00964). The ethics committee waived the
requirement of written informed consent for participation.

Author contributions

GL-C and CK were responsible of data collection. GL-C, SG, and
MB were responsible for data analysis. GL-C, SG, and JL were
responsible for designing the study. All authors contributed to the
article and approved the submitted version.

Funding

The project was financed by the Swiss Personalized Health
Network (SPHN Grant # 2018DRI08).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1120977
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
mailto:joerg.leuppi@ksbl.ch

Luthi-Corridori et al.

References

1. Raskob GE, Angchaisuksiri P, Blanco AN, Buller H, Gallus A, Hunt B]J, et al.
Thrombosis: a major contributor to global disease burden. Arterioscler Thromb Vasc Biol.
(2014) 34:2363-71. doi: 10.1161/ATVBAHA.114.304488

2. Tarbox AK, Swaroop M. Pulmonary embolism. Int J Crit Illn Inj Sci. (2013) 3:69-72.
doi: 10.4103/2229-5151.109427

3. Willich SN, Chuang L-H, van Hout B, Gumbs P, Jimenez D, Kroep S, et al.
Pulmonary embolism in Europe—burden of illness in relationship to healthcare
resource utilization and return to work. Thromb Res. (2018) 170:181-91. doi: 10.1016/j.
thromres.2018.02.009

4. Wendelboe AM, Raskob GE. Global burden of thrombosis: epidemiologic aspects.
Circ Res. (2016) 118:1340-7. doi: 10.1161/CIRCRESAHA.115.306841

5. Barco S, Woersching AL, Spyropoulos AC, Piovella F, Mahan CE. European
Union-28: an annualised cost-of-illness model for venous thromboembolism. Thromb
Haemost. (2016) 115:800-8. doi: 10.1160/TH15-08-0670

6. Beckman MG, Hooper WC, Critchley SE, Ortel TL. Venous thromboembolism: a public
health concern. Am ] Prev Med. (2010) 38:5495-501. doi: 10.1016/j.amepre.2009.12.017

7. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O'Fallon WM, Melton L]. Trends
in the incidence of deep vein thrombosis and pulmonary embolism: a 25-year
population-based study. Arch Intern Med. (1998) 158:585-93. doi: 10.1001/
archinte.158.6.585

8. Keller K, Hobohm L, Ebner M, Kresoja K-P, Miinzel T, Konstantinides SV, et al.
Trends in thrombolytic treatment and outcomes of acute pulmonary embolism in
Germany. Eur Heart J. (2020) 41:522-9. doi: 10.1093/eurheartj/ehz236

9. Miguel-Diez J de, Jiménez-Garcia R, Jiménez D, Monreal M, Guijarro R, Otero R,
et al. Trends in hospital admissions for pulmonary embolism in Spain from 2002 to
2011. Eur Respir ] (2014); 44:942-950, doi: 10.1183/09031936.00194213

10. Dentali F, Ageno W, Pomero E, Fenoglio L, Squizzato A, Bonzini M. Time trends
and case fatality rate of in-hospital treated pulmonary embolism during 11 years of
observation in northwestern Italy. Thromb Haemost. (2016) 115:399-405. doi: 10.1160/
TH15-02-0172

11. Lehnert P, Lange T, Moller CH, Olsen PS, Carlsen J. Acute pulmonary embolism
in a National Danish Cohort: increasing incidence and decreasing mortality. Thromb
Haemost. (2018) 118:539-46. doi: 10.1160/TH17-08-0531

12. Cohen AT, Agnelli G, Anderson FA, Arcelus JI, Bergqvist D, Brecht JG, et al.
Venous thromboembolism (VTE) in Europe. The number of VTE events and associated
morbidity and mortality. Thromb Haemost. (2007) 98:756-64.

13. Masotti L, Vannucchi V, Poggi M, Landini G. Trends in length of hospital stay in
acute pulmonary embolism over the years. What is changing in the era of direct oral
anticoagulants? J Cardiovasc Med (Hagerstown). (2017) 18:556-9. doi: 10.2459/
JCM.0000000000000356

14. Mainz J. Defining and classifying clinical indicators for quality improvement. Int
J Qual Health Care. (2003) 15:523-30. doi: 10.1093/intghc/mzg081

15. Wang L, Baser O, Wells P, Peacock WE, Coleman CI, Fermann GJ, et al. Predictors
of hospital length of stay among patients with low-risk pulmonary embolism. J Health
Econ Outcomes Res. (2019) 6:84-94. doi: 10.36469/9744

16. Aujesky D, Jiménez D, Mor MK, Geng M, Fine MJ, Ibrahim SA. Weekend versus
weekday admission and mortality after acute pulmonary embolism. Circulation. (2009)
119:962-8. doi: 10.1161/CIRCULATIONAHA.108.824292

17. Aujesky D, Stone RA, Kim S, Crick EJ, Fine MJ. Length of hospital stay and
postdischarge mortality in patients with pulmonary embolism: a statewide perspective.
Arch Intern Med. (2008) 168:706-12. doi: 10.1001/archinte.168.7.706

18. Donzé J, Le Gal G, Fine MJ, Roy P-M, Sanchez O, Verschuren F, et al. Prospective
validation of the pulmonary embolism severity index. A clinical prognostic model for
pulmonary embolism. Thromb Haemost. (2008) 100:943-8. doi: 10.1160/TH08-05-0285

19. Mucherino A, Papajorgji PJ, Pardalos PM. K-nearest neighbor classification In: A
Mucherino, PJ Papajorgji and PM Pardalos, editors. Data Mining in Agriculture. New
York, NY: Springer New York (2009). 83-106. (Springer Optimization and
Its Applications)

20. Aujesky D, Obrosky DS, Stone RA, Auble TE, Perrier A, Cornuz J, et al. Derivation
and validation of a prognostic model for pulmonary embolism. Am J Respir Crit Care
Med. (2005) 172:1041-6. doi: 10.1164/rccm.200506-8620C

21. Donadini MP, Dentali F, Castellaneta M, Gnerre P, La Regina M, Masotti L, et al.
Pulmonary embolism prognostic factors and length of hospital stay: a cohort study.
Thromb Res. (2017) 156:155-9. doi: 10.1016/j.thromres.2017.06.009

22. Mukhtar O, Alhafidh O, Khalid M, Kaler J, Rahman E, Shrestha B, et al. Predictors of
hospital stay in normotensive acute pulmonary embolism: a retrospective pilot study. J
Commun Hosp Intern Med Perspect. (2018) 8:95-100. doi: 10.1080/20009666.2018.1466602

23. Rodriguez-Nufiez N, Ruano-Ravifia A, Abelleira R, Ferreiro L, Lama A, Gonzalez-
Barcala FJ, et al. Factors influencing hospital stay for pulmonary embolism. A Cohort
Study Arch Bronconeumol. (2017) 53:432-6. doi: 10.1016/j.arbres.2017.01.003

24. Binder L, Pieske B, Olschewski M, Geibel A, Klostermann B, Reiner C, et al.
N-terminal pro-brain natriuretic peptide or troponin testing followed by

Frontiers in Medicine

10.3389/fmed.2023.1120977

echocardiography for risk stratification of acute pulmonary embolism. Circulation.
(2005) 112:1573-9. doi: 10.1161/CIRCULATIONAHA.105.552216

25. Choi HS, Kim KH, Yoon HJ, Hong YJ, Kim JH, Ahn Y, et al. Usefulness of cardiac
biomarkers in the prediction of right ventricular dysfunction before echocardiography in
acute pulmonary embolism. ] Cardiol. (2012) 60:508-13. doi: 10.1016/j.jjcc.2012.07.006

26. Kilinc G, Dogan OT, Berk S, Epozturk K, Ozsahin SL, Akkurt I. Significance of
serum cardiac troponin I levels in pulmonary embolism. J Thorac Dis. (2012) 4:588-93.
doi: 10.3978/j.issn.2072-1439.2012.10.13

27. BaiJ, Ding X, Du X, Zhao X, Wang Z, Ma Z. Diabetes is associated with increased
risk of venous thromboembolism: a systematic review and meta-analysis. Thromb Res.
(2015) 135:90-5. doi: 10.1016/j.thromres.2014.11.003

28. Faller N, Limacher A, Méan M, Righini M, Aschwanden M, Beer JH, et al.
Predictors and causes of long-term mortality in elderly patients with acute venous
thromboembolism: a prospective cohort study. Am J Med. (2017) 130:198-206. doi:
10.1016/j.amjmed.2016.09.008

29. Miguel-Diez ] de, Mufioz-Rivas N, Jiménez-Garcia R, Hernandez-Barrera V, Carrasco-
Garrido P, Monreal M, et al. Type 2 diabetes is associated with a higher incidence of
hospitalization for pulmonary embolism in Spain: analysis of hospital discharge data during
2004-2013. Respirology (2016); 21:1277-1284, doi: 10.1111/resp.12847

30. Schmitt VH, Hobohm L, Sivanathan V, Brochhausen C, Gori T, Miinzel T, et al.
Diabetes mellitus and its impact on mortality rate and outcome in pulmonary embolism.
] Diabetes Investig. (2022) 13:725-37. doi: 10.1111/jdi.13710

31. Piazza G, Goldhaber SZ, Kroll A, Goldberg RJ, Emery C, Spencer FA. Venous
thromboembolism in patients with diabetes mellitus. Am | Med. (2012) 125:709-16. doi:
10.1016/j.amjmed.2011.12.004

32.Jiménez D, Bikdeli B, Quezada A, Muriel A, Lobo JL, De M-DJ, et al. Hospital
volume and outcomes for acute pulmonary embolism: multinational population based
cohort study. BMJ. (2019) 366:14416. doi: 10.1136/bmj.14416

33. Dentali E, Riva N, Turato S, Grazioli S, Squizzato A, Steidl L, et al. Pulmonary
embolism severity index accurately predicts long-term mortality rate in patients
hospitalized for acute pulmonary embolism. ] Thromb Haemost. (2013) 11:2103-10. doi:
10.1111/jth.12420

34. El Ghoul ], Bendayekh A, Fki W, Yengui I, Ferjani S, Milouchi S, et al. Risk factors
for hospital mortality during pulmonary embolism. Ann Cardiol Angeiol (Paris). (2020)
69:7-11. doi: 10.1016/j.ancard.2020.01.001

35. Lega J-C, Lacasse Y, Lakhal L, Provencher S. Natriuretic peptides and troponins
in pulmonary embolism: a meta-analysis. Thorax. (2009) 64:869-75. doi: 10.1136/
thx.2008.110965

36. Klok FA, Mos ICM, Huisman MV. Brain-type natriuretic peptide levels in the
prediction of adverse outcome in patients with pulmonary embolism: a systematic
review and meta-analysis. Am ] Respir Crit Care Med. (2008) 178:425-30. doi: 10.1164/
rccm.200803-4590C

37. Becattini C, Vedovati MC, Agnelli G. Prognostic value of troponins in acute
pulmonary embolism: a meta-analysis. Circulation. (2007) 116:427-33. doi: 10.1161/
CIRCULATIONAHA.106.680421

38. Benmachiche M, Marques-Vidal P, Waeber G, Méan M. In-hospital mortality is
associated with high NT-proBNP level. PLoS One. (2018) 13:¢0207118. doi: 10.1371/
journal.pone.0207118

39. Vogiatzis I, Dapcevic I, Datsios A, Koutsambasopoulos K, Gontopoulos A,
Grigoriadis S. A comparison of prognostic value of the levels of ProBNP and troponin
T in patients with acute coronary syndrome (ACS). Mediev Archaeol. (2016) 70:269-73.
doi: 10.5455/medarh.2016.70.269-273

40.Chan CM, Woods C, Shorr AF. The validation and reproducibility of the
pulmonary embolism severity index. J Thromb Haemost. (2010) 8:1509-14. doi:
10.1111/j.1538-7836.2010.03888.x

41. Uhlmann M, Lécureux E, Griesser A-C, Duong HD, Lamy O. Prediction of
potentially avoidable readmission risk in a division of general internal medicine. Swiss
Med Wkly. (2017) 147:w14470

42. Donzé JD, Williams MV, Robinson EJ, Zimlichman E, Aujesky D, Vasilevskis EE,
et al. International validity of the HOSPITAL score to predict 30-day potentially
avoidable hospital readmissions. JAMA Intern Med. (2016) 176:496-502. doi: 10.1001/
jamainternmed.2015.8462

43.Blanc A-L, Fumeaux T, Stirnemann J, Dupuis Lozeron E, Ourhamoune A,
Desmeules J, et al. Development of a predictive score for potentially avoidable hospital
readmissions for general internal medicine patients. PLoS One. (2019) 14:€0219348. doi:
10.1371/journal.pone.0219348

44. Tang VL, Halm EA, Fine MJ, Johnson CS, Anzueto A, Mortensen EM. Predictors
of rehospitalization after admission for pneumonia in the veterans affairs healthcare
system. ] Hosp Med. (2014) 9:379-83. doi: 10.1002/jhm.2184

45. Kutz A, Gut L, Ebrahimi F, Wagner U, Schuetz P, Mueller B. Association of the
Swiss Diagnosis-Related Group Reimbursement System with Length of stay, mortality,

and readmission rates in hospitalized adult patients. JAMA Netw Open. (2019)
2:¢188332. doi: 10.1001/jamanetworkopen.2018.8332

frontiersin.org


https://doi.org/10.3389/fmed.2023.1120977
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1161/ATVBAHA.114.304488
https://doi.org/10.4103/2229-5151.109427
https://doi.org/10.1016/j.thromres.2018.02.009
https://doi.org/10.1016/j.thromres.2018.02.009
https://doi.org/10.1161/CIRCRESAHA.115.306841
https://doi.org/10.1160/TH15-08-0670
https://doi.org/10.1016/j.amepre.2009.12.017
https://doi.org/10.1001/archinte.158.6.585
https://doi.org/10.1001/archinte.158.6.585
https://doi.org/10.1093/eurheartj/ehz236
https://doi.org/10.1183/09031936.00194213
https://doi.org/10.1160/TH15-02-0172
https://doi.org/10.1160/TH15-02-0172
https://doi.org/10.1160/TH17-08-0531
https://doi.org/10.2459/JCM.0000000000000356
https://doi.org/10.2459/JCM.0000000000000356
https://doi.org/10.1093/intqhc/mzg081
https://doi.org/10.36469/9744
https://doi.org/10.1161/CIRCULATIONAHA.108.824292
https://doi.org/10.1001/archinte.168.7.706
https://doi.org/10.1160/TH08-05-0285
https://doi.org/10.1164/rccm.200506-862OC
https://doi.org/10.1016/j.thromres.2017.06.009
https://doi.org/10.1080/20009666.2018.1466602
https://doi.org/10.1016/j.arbres.2017.01.003
https://doi.org/10.1161/CIRCULATIONAHA.105.552216
https://doi.org/10.1016/j.jjcc.2012.07.006
https://doi.org/10.3978/j.issn.2072-1439.2012.10.13
https://doi.org/10.1016/j.thromres.2014.11.003
https://doi.org/10.1016/j.amjmed.2016.09.008
https://doi.org/10.1111/resp.12847
https://doi.org/10.1111/jdi.13710
https://doi.org/10.1016/j.amjmed.2011.12.004
https://doi.org/10.1136/bmj.l4416
https://doi.org/10.1111/jth.12420
https://doi.org/10.1016/j.ancard.2020.01.001
https://doi.org/10.1136/thx.2008.110965
https://doi.org/10.1136/thx.2008.110965
https://doi.org/10.1164/rccm.200803-459OC
https://doi.org/10.1164/rccm.200803-459OC
https://doi.org/10.1161/CIRCULATIONAHA.106.680421
https://doi.org/10.1161/CIRCULATIONAHA.106.680421
https://doi.org/10.1371/journal.pone.0207118
https://doi.org/10.1371/journal.pone.0207118
https://doi.org/10.5455/medarh.2016.70.269-273
https://doi.org/10.1111/j.1538-7836.2010.03888.x
https://doi.org/10.1001/jamainternmed.2015.8462
https://doi.org/10.1001/jamainternmed.2015.8462
https://doi.org/10.1371/journal.pone.0219348
https://doi.org/10.1002/jhm.2184
https://doi.org/10.1001/jamanetworkopen.2018.8332

Luthi-Corridori et al.

46. Rogers WH. Quality of care before and after implementation of the DRG-based
prospective payment system. JAMA. (1990) 264:1989-94. doi: 10.1001/
jama.1990.03450150089037

47. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing G-J, Harjola V-P,
et al. 2019 ESC guidelines for the diagnosis and management of acute pulmonary
embolism developed in collaboration with the European Respiratory Society (ERS). Eur
Heart J. (2020) 41:543-603. doi: 10.1093/eurheartj/ehz405

48. Al Dandan O, Hassan A, Alnasr A, Al Gadeeb M, AbuAlola H, Alshahwan S,
et al. The use of clinical decision rules for pulmonary embolism in the emergency
department: a retrospective study. Int ] Emerg Med. (2020) 13:23. doi: 10.1186/
$12245-020-00281-1

Frontiers in Medicine

64

10.3389/fmed.2023.1120977

49. Caprini JA, Tapson VE Hyers TM, Waldo AL, Wittkowsky AK, Friedman R, et al.
Treatment of venous thromboembolism: adherence to guidelines and impact of
physician knowledge, attitudes, and beliefs. J Vasc Surg. (2005) 42:726-33. doi: 10.1016/j.
jvs.2005.05.053

50. Mehta D, Barnett M, Zhou L, Woulfe T, Rolfe-Vyson V, Rowland V, et al.
Management and outcomes of single subsegmental pulmonary embolus: a retrospective
audit at north shore hospital. New Zealand Intern Med J. (2014) 44:872-6. doi: 10.1111/
im;j.12507

51. Sheikh AR, Mantoo S, Shah S, Hamid Wani RU, Wani SN. Predictors of prolonged

hospital stay in patients with acute pulmonary thromboembolism-a hospital based
cohort study. ] Assoc Physicians India. (2022) 70:11-2.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1120977
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1001/jama.1990.03450150089037
https://doi.org/10.1001/jama.1990.03450150089037
https://doi.org/10.1093/eurheartj/ehz405
https://doi.org/10.1186/s12245-020-00281-1
https://doi.org/10.1186/s12245-020-00281-1
https://doi.org/10.1016/j.jvs.2005.05.053
https://doi.org/10.1016/j.jvs.2005.05.053
https://doi.org/10.1111/imj.12507
https://doi.org/10.1111/imj.12507

Luthi-Corridori et al.

Appendix

10.3389/fmed.2023.1120977

10 1.2

0.8

Sensitivity
04 06

02 00 0.2

FIGURE A1

ROC: LOS > 5 days

— Model 1 AUC=0.76
-- Model 2 AUC = 0.66

p<0.001

T T T T T
10 08 06 04 0.2

Specificity

T
0.0

Sensitivity

1.0 1.2

0.8

04 0.6

02 00 0.2

ROC: LOS > 8 days

— Model 1 AUC=0.78
—T~- Model 2 AUC = 0.69 p<0.01
I T T T T T

10 08 06 04 02 00
Specificity

Receiver operating characteristic (ROC) curve accuracy of the models to predict 5days and 8days length of hospital stay. For both 5days and 8days
prediction, model 1 showed higher accuracy than model 2. Model 1 includes the following variables: pulmonary embolism severity index (PESI) score,
body mass index (BMI), a medical history of dyslipidemia, diabetes or previous PE, NT-proBNP and troponin-T hs, housing situation before admission
and admission via GP. Model 2 only includes the PESI score. Pulmonary embolism severity index score is based age at entry, sex, history of cancer,
history of chronic lung disease, history of heart failure, respiratory rate, hypothermia [below 36°C], systolic blood pressure (BP) <100mmHg, heart rate
(HR) >110bpm, oxygen saturation below 90%, altered mental status, and respiratory rate>30 breaths per minute (18).

TABLE A1 Multivariable zero-truncated negative binomial regression model for length of hospital stay (LOHS) estimation in pulmonary embolism

survivors with pulmonary embolism severity index (PESI) items separately assessed (n=234).

LOHS prediction IRR (95%CI) Pr(>|z])

Intercept 4.638 1.774(1.148-2.742) 0.01
Age 5.207 1.138 (1.071-1.21) <0.001
Sex 5.864 1.296 (1.083-1.55) 0.005
History or active cancer 4.72 1.02 (0.829-1.255) 0.851
BP systolic < 100 mmHg 5.452 1.197 (0.761-1.883) 0.436
Heart rate> 110 bpm 6.139 1.361 (1.075-1.724) 0.01
Respiratory rate > 30 breaths/min 4.876 1.058 (0.707-1.583) 0.783
Oxygen <90% 6.188 1.373 (1.109-1.699) 0.004
Chronic lung disease 5.107 1.114 (0.878-1.414) 0.375
Altered mental status 5.003 1.089 (0.51-2.324) 0.826
Hypothermia <36°C 4.821 1.045 (0.612-1.782) 0.872
Heart failure 9.345 2.113 (1.165-3.832) 0.014

The analysis of the items composing the PESI score showed that age, sex, heart rate over 110 bpm, oxygen saturation <9% and heart failure were significantly associated with LOHS. Statistically

significant variables p < 0.05.
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Background: Anemia is highly prevalent globally and disproportionately a ects
postnatal women. It is a significant cause of maternal mortality and morbidity
globally.

Objective: The main aim of this study was to determine the extent of postpartum
anemia and associated factors among postnatal women in two selected health
facilities in Gondar, Northwest Ethiopia.

Methods: A facility-based, cross-sectional study was conducted among 282
postnatal women from March to May 2021. A systematic sampling technique was
used to recruit study participants from each institute. Sociodemographic, obstetric,
and clinical data were collected through a semi-structured questionnaire. A
venous blood sample was collected to determine the red blood cell parameters.
A thin blood smear preparation was performed to examine blood morphology.
In addition, direct wet mount and formalin-ether sedimentation techniques were
used for stool examination to identify intestinal parasites. Data were entered
into EpiData and exported to Stata 14 for statistical analysis. Descriptive statistics
were presented in text, tables, and figures. A binary logistic regression model was
used to identify factors associated with postpartum anemia. A p-value <0.05 was
considered statistically significant.

Results: The proportion of postpartum anemia was 47.16%; 95% CI; 41.30—
53.03 with moderate, mild, and severe anemia accounting for 45.11, 42.86, and
12.03%, respectively. The majority of the anemia (94%) was of the normocytic
normochromic type. It was associated with postpartum hemorrhage (AOR=2.23;
95% CI: 1.24—4.01), cesarean section (AOR=4.10; 95% CI: 2.11-7.78), lack of iron
and folate supplementation during pregnancy (AOR=2.12; 95% CI: 1.17—4.02), and
low diet diversity level (AOR=1.83; 95% CI: 1.05—3.18).

Conclusion: The prevalence of anemia was found to be a major public health
concern. lron and folate supplementation during pregnancy, improved
management of PPH, an e ective cesarean section with post-operative care,
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and taking a diversified diet will reduce the burden. Therefore, identified factors
should be considered to prevent and control postpartum anemia.

determinant factors, postpartum anemia, postnatal women, Ethiopia, postpartum

hemarrhage

Introduction

Anemia is defined as a decrease in the mass of red blood cells
(RBCs) or a low level of hemoglobin (Hb) relative to the normal
reference range. The World Health Organization (WHO) defines it as
Hb <12.0 gm/dl in adult, non-pregnant women. However, there is no
well-defined agreement for postpartum anemia (PPA), nonetheless,
which is still defined as Hb <12 gm/dl (1, 2). The postpartum period
is defined as the first 6 weeks following childbirth (3).

Anemia is also defined as tissue hypoxia due to inadequate
oxygen delivery in the tissue. The pathophysiology of anemia is
multi-factorial and complex, which might be associated with a
predisposition in genes for Hb, enzymatic deficiencies, chronic and
acute blood loss, nutrient deficiencies, infection, hemorrhage,
chronic disease, bone marrow disorders, and other factors. This may
be due to inadequate or defective erythropoiesis from food
shortages, bone marrow infiltration, inflammation, or hereditary Hb
disorders and severe erythrocyte loss related to hemolysis and acute
blood bleeding (4, 5).

Indeed, iron deficiency is the most common micronutrient
deficiency and the most common cause of anemia in the world. About
half (50%) of the cases of anemia are attributed to iron deficiency. Iron
deficiency anemia (IDA) is more prevalent in low-income countries
(6). Anemia is a serious problem and challenge in the world that can
affect about one-third of people around the world (women, young
children, and individuals with long-term diseases) in both developed
and developing countries (7, 8). It is a fact that anemia is more
prevalent among children and women of reproductive age, including
postnatal women, and can cause morbidity and mortality in women
in addition to fetal consequences (9).

Anemia is a significant cause of maternal mortality and
morbidity on a global scale. It affects 38% of pregnant women and
29% of non-pregnant women, with the highest proportion in central

Abbreviations: ANC, Antenatal Care; AOR, Adjusted Odds Ratio; BMI, Body Mass
Index; Cl, Confidence Interval; COR, Crude Odds Ratio; CS, Cesarean Section;
DDS, Dietary Diversity Score; FAO, Food and Agricultural Organization; G/dl, gram
per deciliter; Hb, hemoglobin; HCT, hematocrit; HIV, human immunodeficiency
virus; IDA, iron deficiency anemia; IP, intestinal parasite; IQR, interquartile range;
K3-EDTA, tri-potassium ethylene diamine tetra-acetic acid; KM, kilometer; MCH,
mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; MCV, mean corpuscular volume; M, milliliter; PNC, postnatal care;
PPA, postpartum anemia; PPH, postpartum hemorrhage; QC, quality control;
RBC, red blood cell; RDW, red cell distribution width; RPM, revolutions™ per minute;
UGCSH, University of Gondar Comprehensive Specialized Hospital; WHO, World

Health Organization.
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and west Africa (56%) (10). Around 500 million women of
reproductive age are affected by anemia, which is a major public
health challenge for low- and middle-income countries (11). One
of the developing countries, Ethiopia, had the highest rates of
maternal deaths in 2016, with 412 women dying for every 10,000
live births (12). This mortality is mainly associated with prolonged
iron loss due to postpartum hemorrhage (PPH), which is a leading
predictor of cardiac arrhythmias (13, 14). It is also associated with
lower global household income, cognitive and psychological
impairment, poor quality of life, emotional instability, and
postpartum depression (1, 15).

In addition, PPA has the highest risk of endometritis and
thrombotic complications secondary to iron deficiency and local
ischemia (16, 17). Furthermore, the prevalence of anemia among
lactating women has increased from 23.03 to 28.3% in Ethiopia over
the past two and a half decades (2011-2016) (18). PPA is primarily
linked to poor economic development, obstetric problems, and low
nutritional status. Evidence suggests that obstetric factors are a
significant source of PPA, leading to morbidity and mortality in
women of reproductive age (19). During delivery, women experienced
traumatic processes, leading to PPH. Different studies investigated the
risk factors for PPA, including PPH, maternal residence, blood loss,
and maternal level of education. This could be attributed to active
bleeding during delivery, which causes a drop in Hb levels both before
and after delivery (20).

It is also characterized by their socioeconomic context. Higher
prevalence rates (57.2%) of anemia among rural women aged 20 years
and older were observed in India (21). PPA is also a common problem
in countries with stronger economies (22). Low maternal education
levels, poor socioeconomic status, and living in rural areas all play a
significant role in the development of anemia in women (23). Women
with low dietary diversity had a higher risk of anemia (24). During
pregnancy, improved and increased adherence to iron and folic acid
was found to reduce the possible risk of anemia in postnatal women.
Vitamin and mineral deficiencies may worsen during pregnancy due
to increased energy and nutrient demands, causing adverse outcomes
for both mother and child (25).

In addition to this, anemia in women of reproductive age is a
significant issue, and the WHO has set a global goal of attaining a 50%
reduction in anemia in women of reproductive age by 2025 (26). To
achieve the WHO target, addressing anemia in postnatal women is of
great importance. However, there are only a few rigorous studies
conducted on PPA in Africa, particularly in Ethiopia. Although blood
morphology is helpful in the diagnosis and categorization of the
pathophysiology of anemia (27). In addition, parasitic infection is an
independent predictor of anemia. However, the available studies did
not reveal this. As a result, this study highlighted important findings
that can help improve the maternal healthcare system.
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Methods
Study area, design, and period

A facility-based cross-sectional study was conducted in the town
of Gondar, in the Amhara regional state, from March to May 2021.
Gondar has one hospital and eight public health centers. The estimated
population projection for Gondar was 362,000 in 2020 (28). Gondar
is situated about 727 kilometers (km) northwest of Addis Ababa and
185km from the city of Bahir Dar. It is located at an altitude of 2,133
meters above sea level at 12° 36" north and 37° 28’ east, latitude and
longitude, respectively (29).

Population

Source and study population: All postnatal women in Gondar
were considered as the source population. All postnatal women who
gave birth and attended the postnatal care (PNC) clinic at the Gondar
Health Center and the University of Gondar Comprehensive
Specialized Hospital (UGCSH) and were available during the data
collection period were considered as the study population.

Sample size determination

The sample size was determined by a single population proportion
formula, considering a 5% margin of error at 95% CI, and by taking
the 24.3% prevalence reported in the previous study (30):

N:(Za/z)z[p(l_p)j

d2

where N=the desired sample size, z=1.96, standard normal
distribution value at 95% CI corresponding to a significant level of
alpha, and d =acceptable margin of error.

=282

N =(1.96)2[

0.243(0.76)
(0.05?

The total sample size calculated for this study was 282
postnatal women.

Sampling technique

Of the nine public health facilities, two of them, the Gondar
Health Center and the UGCSH, were selected using a simple random
sampling technique. Using the monthly postnatal women numbers
from both facilities (450 from UGCSH and 180 from the Gondar
Health Center), the interval value was calculated by dividing the
estimated total number of women within the calculated sample size
(1890/282=6.7) by the proportionate population size in each health
facility. For instance, the estimated total number of women in UGCSH
during the study period (900) was divided by the interval (4.46) to
yield a proportionate sample, which was approximately 201, and the
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same method was used for the Gondar Health Center, where 81
postnatal women were recruited. Then, a systematic sampling
technique was employed, using an interval of four based on the
corresponding sample size from each health facility. The lottery
method was applied to select the first four participants, and every four
women were interviewed until the allocated sample size was achieved
(Figure 1).

Inclusion criteria and exclusion criteria: All postnatal women who
delivered in the selected health institutions and volunteered to
participate were included in the study. Women with a medical history
of hypertension, kidney disease, human immunodeficiency virus
(HIV), or hepatitis B, too ill to give informed consent, receiving any
form of hematinic, or those who had been recently transfused were
excluded from the study.

Variables

Dependent variables: Anemia was a dependent variable. Before
determining whether a woman was anemic or not, altitude was
considered. The adjustment for altitude was made to account for the
decrease in blood oxygen saturation. The Hb level was adjusted using
the following formula: (adjustment=-0.032 (altitude
0.0032808) +0.022 (altitude . 0.0032808)> and adjHb=Hb -
adjustment (when adjustment >0)) (31).

Independent variables: Socio-demographic variables (maternal
age, educational level, residence, marital status, religion, family size,
occupation), obstetric variables (parity, frequency of antenatal care
(ANC) visits, history of abortion and malaria infection, place and
mode of delivery, iron and folate supplementation during pregnancy,
PPH, intestinal parasites (IP), family planning, birth within 5years),
and nutritional variables such as dietary diversity, weekly meat
consumption, daily fruit and vegetable consumption, coffee and tea
drinking habits were considered as independent variables.

Operational definitions

High dietary diversity: Consumption of at least 7 foods from 10
food groups (32, 33).

Low dietary diversity: Consumption of four or fewer foods from
10 food groups (32, 33).

Minimal dietary diversity: Consumption of at least five foods from
10 food groups (33, 34).

Postpartum anemia: Adjusted Hb levels of postnatal women
below 11 gm/dl within 24h and 12gm/dl up to 6 weeks after the birth
period result in postpartum anemia, which is further classified as mild
(adjHb=11-11.9 gm/dl), moderate (adjHb =8-10.9gm/dl) and severe
(adjHb <8 gm/dl) (1, 2).

Postpartum hemorrhage: Bleeding during delivery is classified as
mild (500-1,000 ml), moderate (1000-2000 ml), and heavy (>2000 ml)
postpartum hemorrhage.

Data collection techniques

After obtaining written informed consent, socio-demographic
variables such as age, educational attainment, marital status,
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FIGURE 1
Schematic presentation of sampling technique.

occupation, and related characteristics of postnatal women were
collected through face-to-face interviews using a pre-tested, semi-
structured questionnaire at the obstetric and gynecological wards and
PNC units of UGCSH and the Gondar Health Center. Obstetric and
clinical data were collected using physical examinations, chart reviews,
and laboratory tests. Detailed information on the history of abortion
and malaria infection, and iron and folic acid supplements during
pregnancy, were collected from the charts. According to the guidelines
of the Food and Agriculture Organization (FAO), a Dietary Diversity
Score (DDS) was assessed.

Blood sample collection and analysis: A 5ml venous blood
sample was collected by well-trained laboratory personnel using
standard aseptic procedures and sent to the hematology laboratory.
The blood sample was placed in a labeled tri-potassium
ethylenediaminetetraacetic acid (K3-EDTA) tube. An automated,
compact 5-part differential hematology analyzer (Beckman Coulter
UniCel DxH 800) was used to determine hematological parameters.
A drop of blood from a confirmed anemic woman was put on a
microscopic slide, and a thin smear was prepared. The smear was
stained with undiluted Wright’s staining solution based on standard
operating procedures. It was then air-dried, labeled with an
identification number, and examined under a microscope with a
100X oil immersion objective by well-trained hematologists. RBC
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shape, size, color, and cellular inclusions were carefully evaluated
for morphologic examination.

Stool sample collection and examination: Pea-sized stool samples
were collected from each study participant using a clean, wide-mouth,
leak-proof stool cup. Wet mount preparation and the formol-water
concentration technique were used to detect IP. Fresh stool samples
were mounted on a microscope slide with a wooden applicator stick
and emulsified with a drop of physiological saline (0.85% w/v NaCl).
The concentration technique was used on the remaining samples for
the concentration of IP.

The fecal sample was emulsified in 10ml of formol-water (10%
v/v) in a screw-cap bottle. The suspension was strained into a conical
tube by using gauze to extract large fecal particles and centrifuged at
1500 rpm for 3 min. Then, it was re-suspended by using 4-3ml of
formol water and 3-4 ml of ether or ethyl acetate and centrifuged at
3,000 rpm for 1 min. Finally, the supernatant was removed, and the
sediment was examined under the microscope. A stool examination
was performed according to standard operating procedures. Any
helminth eggs, larvae, or cyst stages were detected. All samples were
collected through laboratory tests using the participants’ laboratory
information checklist.

Data quality management: The questionnaire was prepared in
English, translated into the local language (Ambharic), and then
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translated back into English for consistency. Prior to data collection, the
data collection tool was pretested on 14 volunteer postnatal women at
UGSCH. There were inaccuracies in the measurement of body mass
index (BMI), which was therefore omitted. Prior to data collection,
orientation was provided to data collectors. During the data collection
process, there was close monitoring to ensure data accuracy and
consistency. Following blood collection, to avoid hemolysis, the blood
was applied to the wall of the test tube. Data were collected by well-
trained health professionals (five midwives and three laboratory staff).
Prior to running the participants’ sample, the accuracy of the
hematology analyzer was checked with high-, normal-, and low-quality
control (QC) materials. All reagents were checked for expiration dates
and prepared according to the manufacturer’s instructions. A
morphological examination was carried out on the known mean
corpuscular volume (MCV) and mean corpuscular Hb concentration
(MCHC) of healthy individuals to ensure the quality of the staining
reagent. The stool wet mount and suspension were made within the
appropriate concentration of sample and reagents. Fresh stool samples
were observed within 30min of collection. Finally, all results were
documented and registered with the correct value and units.

Data processing, analysis, and
interpretation

The data were checked for completeness and consistency. Then,
they were coded and double-entered into EpiData, version 4.6.0.0,
before being imported into Stata, version 14.0, for analysis. The data was
cleaned, and preliminary analyses were carried out. Descriptive statistics
were summarized using frequency, percentage, median, mean,
interquartile range (IQR), and standard deviation for presentation in
text, tables, and figures. A binary logistic regression model was used to
assess factors associated with the outcome variable. Variables with a
p-value of <0.25 were adjusted for multivariable analysis. In the model,
a backward variable selection was used. The Hosmer and Lemeshow
post-estimation statistical test was performed to check the goodness of
fit. A p-value " 0.05 was considered statistically significant.

Results
Socio-demographic characteristics

A total of 282 postpartum women were included in this study. The
median age of the participants was 28 years, with an IQR of 24-30.
Approximately 62.8% of the participants were between the ages of 25
and 34. Three-fourths (75.9%) of the respondents were from urban
areas. One-third (29.4%) of respondents were illiterate. Of the total
participants, 242 (85.8%) were married (Table 1).

Obstetric and clinically related
characteristics

Of the total study population, 162 (57.5%) women were
multiparous. A total of 159 (56.4%) of the participants had experienced
PPH. The majority of women, 256 (90.8%) individuals, had at least
one ANC visit during pregnancy, with 62.9% of them having at least
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4. Most (98.2%) of the women had delivered at a health facility. A total
0f 209 (74.1%) had a vaginal delivery (Table 2).

Dietary characteristics

More than half of the women (150, or 53.2%) had low dietary
diversity. A total of 114 (40.4%) women ate meat at least once per
week. More than half of the women (158, or 56%) consumed fruit and
vegetables at least once a day. A total of 229 women (81.2%) had the
habit of drinking coffee; 183 of them (79.9%) preferred to do so 30 min
after food consumption (Table 3).

Laboratory findings

The median adjusted Hb value of the women was 12.1 gm/dl (IQR:
10.8-13.1gm/dl). A total of 126 (69.5%) women had an RBC count
>4.0 x 10°/1 with a mean value of 4.21 +0.78 x 10°/1. The median HCT
value was 38.3% (IQR =34.8-41.5%) with 68.4% > 36%. The result of
the stool examination showed that 84 (29.8%) of them were positive
for at least one IP. A. lumbercoid was the predominant one, with a
proportion of 46.4% (Table 4 and Figure 2).

TABLE 1 Socio-demographic characteristics of post-natal women in
Gondar town, Northwest Ethiopia, 2021 (n=282).

Variables Categories n %
Age 15-24 81 28.72
25-34 177 62.77
35-49 24 8.51
Maternal educational | Unable to read and 83 29.43
status write
Primary school 70 24.82
Secondary school 55 19.50
College and above 74 26.24
Maternal residence Urban 214 75.89
Rural 68 24.11
Maternal occupation Farmer 48 17.02
Private 72 25.54
Governmental employee 47 16.67
Others 115 40.78
Maternal family size <4 183 64.89
5-8 99 35.11
Maternal marriage Single 18 6.38
status Married 242 85.82
Divorced 13 4.61
Widowed 9 3.20
Maternal religion Orthodox 244 86.52
Protestant 11 3.90
Muslim 27 9.57

Others for maternal occupation represent students, unemployed, merchants, housewives,
daily laborers and non-governmental organization workers n: represents for frequency and
% indicates percentage.
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TABLE 2 Obstetric and clinical characteristics of postnatal women in Gondar town, Northwest Ethiopia, 2021 (n=282).

10.3389/fmed.2023.1105307

Variables Categories n %
Parity Primipara 120 42.55
Para 2-4 147 52.13

Grand multiparous 15 5.32
PPH Yes 159 56.38
No 123 43.62
Severity of PPH Mild 70 24.82
Moderate 62 21.99
Severe 27 9.57

Place of delivery At home 5 1.77
Health institution 277 98.23
Mode of delivery Vaginal 209 74.11
CS 73 25.89
ANC follow up Yes 256 90.78
No 26 9.22
Frequency of ANC visit <4 times 95 37.21
>4 times 161 62.89
Family planning Yes 234 82.98
No 48 17.02
Birth within 5years Yes 110 39.01
No 172 60.99
History of recent abortion Yes 39 13.83
No 243 86.17
History of recent malarial infection Yes 52 18.44
No 230 81.56
Iron and folate supplementation Yes 208 73.76
No 74 26.24

ANC, Antenatal care; CS, cesarean section. n represents for frequency and % indicates percentage.
TABLE 3 Nutritional characteristics of postnatal women in Gondar town, Northwest Ethiopia, 2021 (n=282).

Variables Categories n %
Diet diversity level Low 150 53.19
Medium 118 41.84

High 14 4.96

Weakly meat At Jeast once 114 40.43
consumption Less than once 168 59.57
Daily fruit and vegetable At least once 158 56.03
consumption Less than once 124 43.97
Tea drinking Yes 191 67.73
No 91 32.27

Tea taking habit After 30 min of food 160 83.77
Immediately after food 31 16.23

Coffee drinking Yes 229 81.21
No 53 18.79

Coffee taking habit After 30 min of food 183 79.91
Immediately after food 46 20.09

n: represents for frequency and % indicates percentage.
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TABLE 4 Laboratory findings of postnatal women in Gondar town, Northwest Ethiopia, 2021 (n=282).

Laboratory tests Categories n %
RBC count >4.0x10°/L 196 69.50
<4.0x 10°/L 86 30.50
HCT value >36% 193 68.44
24-35.9% 77 27.30
<24% 12 4.23
MCV 80-10011 259 91.84
<801l 14 4.96
>10011 9 3.20
MCH <27pg 24 851
>27pg 258 91.49
MCHC >32gm/dl 274 97.16
<32gm/dl 8 2.84
RDW 11-15% 207 73.40
>15% 75 26.60
RBC morphology Normocytic normochromic 125 94.00
Microcytic hypochromic 5 3.75
Macrocytic normochromic 3 2.25
Stool examination Positive for intestinal parasite (IP) 84 29.79
Negative for IP 198 70.21

NB; RBC, red blood cell; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; IP, intestinal
parasite; L, liter; Pg, picogram; Fl, femtolitre; Gm/dl, gram per deciliter; RDW, red blood cell distribution width.
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FIGURE 2
Bar graph showing the type of identified IP among postnatal women in Gondar town, Northwest Ethiopia, 2021 (n=282).

Prevalence, severity, and morphologic Morphological characteristics of PPA
characteristics of PPA
Based on the blood film reports, out of the total of 133 anemic
Prevalence and severity: The overall prevalence of PPA anemia was ~ women, the majority (125, or 94%) had a normocytic, normochromic
133 (47.16%; 95% CI: 41.30-53.03). Individuals with anemia were further ~ blood picture. A total of 5 (3.76%) had a microcytic hypochromic
classified into three categories: mild anemia (57, or 42.86%), moderate ~ blood picture, while 3 (2.24%) had a macrocytic blood picture
anemia (60 or 45.11%), and severe anemia (16, or 12.03%) (Figure 3). (Table 4).
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Proportion and categories of PPA among postnatal women in Gondar town, 2021

M Severe anemia M Moderate anemia ©Mild anemia

Pie of pie chart showing proportion and severity of PPA among postnatal women in Gondar town, 2021 (n=282).

42.86%

Determinants of PPA in postpartum women

In univariate analysis, all variables were insignificant except PPH,
mode of delivery, iron and folate supplementation during pregnancy,
and level of dietary diversity. Women who experienced PPH
(AOR=2.23; 95% CI: 1.24-4.01), delivered via CS (AOR =4.10; 95%
CI: 2.11-7.78), did not take iron and folate supplementation during
pregnancy (AOR=2.12; 95% CI: 1.17-4.02) and had a low dietary
diversity level (AOR=1.83; 95% CI: 1.05-3.18) were at higher risk of
PPA (Table 5).

Discussion

A number of factors have been associated with PPA. The change
in Hb during the postpartum period would play an important role in
providing baseline information. Thus, the current study aimed to
assess the magnitude and factors associated with PPA among postnatal
women in two selected health facilities in Gondar.

In this study, the prevalence of anemia among postnatal women
was 47.16% (95% CI: 41.30-53.03). The finding was consistent with
the results of studies conducted in southern India (47.3%) (35) and
southeastern Kokang, Myanmar (56.3%) (36). In terms of severity,
moderate anemia (45.11%) was common in this study. This finding
was in line with a similar study conducted in India, which found
49.8% of moderate anemia types and 26% of mild anemia types (37).

On the other hand, the prevalence was lower than in studies
conducted in Asia [eastern rural Myanmar (60.3%) (38) and India
(76.2%; 95% CI; 70.4-81.4%) (38)]. This difference may be due to teff
injera, a staple food consumed by most Ethiopian mothers (39), which
contains more iron. In addition, it could be the coexistence of
numerous contributing factors in rural Myanmar women like low
family income, lack of primary education, hunger, drinking spring or
river water, or drinking unboiled water, which could lead to anemia
(38). It could be due to the fact that women in rural areas have poor
socioeconomic status and, therefore, do not have access to iron-rich
foods (40). Instead, given that the postpartum period is characterized
by accelerated erythropoiesis and RBC mass expansion, it is possible
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that the hemodilution effect subsides and Hb levels return to normal
in the participants in this study (35). Another reason for the
discrepancy could be the difference in sample sizes, which were 227
and 733 in the India and Myanmar studies, respectively (38, 41).

The prevalence reported from the current study was higher than
studies conducted in Japan (10.5%) (42), Spain, Mancha-Centro
Hospital (16.4%) (22), northern Kenya (25%) (43), Ghana (16%) (44),
Bhaktar, Nepal (20%) (45), Ethiopia - in Tigray (16.5%) (46), Sidama
(19%) (47), Addis Ababa - at the Tikur Anbessa Specialized and
Gandhi Memorial Hospitals (30%) (48), and in Debre Markos (24.3%)
(30). The disparity may be due to differences in the geographical,
cultural, clinical, and nutritional factors of women. In addition,
different cutoff points were used to define PPA. Since there is no
universally accepted definition of PPA, different researchers use
different cutoff points, such as Hgb<11mg/dl at 24h in Spain
[Mancha-Centro Hospital (22) and in Debre Markos (30)]. In Madrid,
Hgb < 10mg/dl is used to indicate PPA for up to 6weeks (49). In
addition, there may be a difference in postpartum screening time. If
the postpartum period is extended, mothers will have more time to
recover from anemia or have their Hb levels increase (30). Iron is
expected to improve in lactating women due to decreased iron
requirements and reduced blood loss associated with amenorrhea (50).

According to RBC morphological findings, the majority of anemic
women had a normocytic normochromic blood picture (94%),
followed by a microcytic hypochromic (3.24%) and a macrocytic
blood picture (2.24%). Possible causes include acute bleeding, or early
iron deficiency (51).

Postpartum hemorrhage, iron and folate supplementation during
pregnancy, CS, and low dietary diversity were found to be significantly
associated with PPA. In this study, the prevalence of anemia was found
to increase in women who experienced PPH. The odds of PPA were
2.2 times higher among women who had experienced PPH
(AOR=2.23; 95% CI: 1.24-4.01) than their counterparts. Probably,
uterine atony, uterine inversion, coagulopathy, vaginal tears, uterine
laceration, and retained tissue or placenta may expose women to
cycles of bleeding, which can lead to Hb declines. The majority of
studies showed Hb and HCT declines in the context of overt
PPH. Excessive blood loss during and after delivery, in addition to
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TABLE 5 Logistic regression showing factors associated with PPA in Gondar town, Northwest Ethiopia, 2021 (n=282).

Independent
variables

Categories

COR [95% Conf.
Interval]

10.3389/fmed.2023.1105307

AOR [95%Conf.
Interval]

Maternal age 15-24 36 45 1.00 1.00
25-29 56 59 1.18 ‘ (0.60-1.95) 1.42 (0.74-2.72)
30-49 41 45 1.14 (0.63-2.10) 1.30 (0.62-2.74)
Residence Urban 96 118 1.00 1.00
Rural 37 31 1.47 (0.85-2.54) 0.97 (0.48-1.95)
Educational status Unable to read and write 37 46 0.99 (0.53-1.88) 0.96 (0.46-2.04)
Primary 38 32 1.48 (0.77-2.8) 1.02 (0.49-2.12)
Secondary 25 30 1.04 (0.51-2.08) 1.16 (0.53-2.52)
College and above 33 41 1.00 1.00
Marital status Single 19 21 1. 02 (0.52-1.99) 1.05 (0.49-2.22)
Married 114 128 1.00 1.00
Parity Primipara 63 57 1.00 1.00
Multiparous 70 92 0.69 (0.43-1.12) 0.48 (0.23-1.01)
PPH Yes 95 64 3.32 (2.02-5.45)%%* 2.23 (1.24-4.01)%*
No 38 85 1.00 1.00
Mode of delivery Vaginal 78 131 1.00 1.00
CS 55 18 5.13 (2.37-9.36)%** 4.10 (2.11-7.78)%%*
Iron and folate Yes 89 119 1.00 1.00
supplementation No 44 30 1.96 (1.14-3.36)** 2.12 (1.17-4.02)%*
Births in 5years Yes 44 66 0.63 (0.39-1.01) 0.66 (0.34-1.29)
No 89 83 1.00 1.00
ANC follow up Yes 116 140 1.00
No 17 9 2.28 (0.98-5.30) 2.01 (0.69-6.24)
Tea drinking Yes 97 94 1.60 (0.94-2.62) 1.05 (0.57-1.94)
No 36 55 1.00 1.00
Diet diversity level Low 83 67 2.03 (1.26-3.27)%*** 1.83 (1.05-3.18)*
Minimal diet 50 82 1.00 1.00

PPA, postpartum anemia; PPH, postpartum hemorrhage; AOR, adjusted odds ratio; COR, crude odds ratio; CS, cesarean section; Conf. Interval, confidence interval.

*, sk k= povalues < 0.05, <0.01.

insufficient erythropoiesis, may also cause a drop in Hb throughout
the postpartum period (35).

Compared to mothers who gave birth via the vaginal route,
mothers who gave birth via CS had four times higher odds of
anemia (AOR=4.10; 95% CI: 2.11-7.78). The findings were in
agreement with a similar study conducted in Tigray, which
discovered that vaginal birth was associated with a lower risk of
anemia (AOR=0.13; 95% CI: 0.038-0.454) (52). This potentially
traumatic surgical procedure could cause women to suffer a major
hemorrhage, leading to PPH. Surgery is a key determinant of blood
loss. Postoperative anemia, defined as a blood loss of more than
500 ml, is a common complication that affects 80-90% of people
who have had major surgery (53).

The results of this study also suggested that women who were not
supplemented with iron and folate during their pregnancy had twice
as many chances of developing PPA as those who were (AOR=2.12;
95% CI: 1.17-4.02). This conclusion was supported by studies from
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India (AOR=3.53; 95% CI: 1.18-11.37) and Ethiopia (35, 54). The
possible explanation would be that iron is the most important nutrient
for hematopoiesis and that, when taken throughout pregnancy; it has
the capacity to reduce anemia, even during delivery. The depletion of
stored iron during pregnancy may also be a factor because of the high
demand for iron during childbirth (30).

Women with a low level of dietary diversity were 83% more likely
to suffer from anemia than those with a minimum level of dietary
diversity (AOR=1.83; 95% CI: 1.05-3.18). This finding was consistent
with a study conducted among lactating women in Jimma District
(AOR=2.32;95% CI: 1.65-5.72) (24). This could be due to inadequate
dietary intake, leading to an iron, vitamin B12, folate, and vitamin A
deficiency. Another reason could be a lack of protein and iron-
containing foods such as eggs and meat, which could lead to an iron
deficiency (36).

Many studies from Ethiopia and abroad discovered that
inadequate and missed ANC follow-ups, multiparity, and low
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education levels were independent predictors of PPA (24, 54-58).
However, these factors were not associated with PPA in this study.

Strengths and limitations

The women’s hemoglobin concentration was adjusted for altitude.
To make the sampling more representative, the probability sampling
technique was used. Furthermore, the study estimates were done with
the appropriate statistical analysis. As a result, we are confident that
this study provides more precise and generalizable results that
policymakers and program managers may use to develop action
strategies for this issue.

Furthermore, anemia has been associated with antepartum
hemorrhage (30), but this association has not been investigated. Due
to budgetary constraints, we were unable to measure anemia
indicators for further categorization. As a result, we were unable to
identify the type of anemia.

Conclusion and recommendations

The prevalence of PPA in this study was a major public health
concern. One in two postnatal women was found to be anemic with an
adjusted Hb concentration below 12g/dl. Iron and folate
supplementation and the administration of uterotonics such as oxytocin
during the third stage of labor will prevent PPH and PPA. To reduce the
burden of anemia among postnatal women, health education and
promotion of iron and folate supplements during pregnancy, in addition
to dietary diversity practices, need to be combined with women’s long-
term income-generating activities. Anemia in women who have had
cesarean deliveries may also be avoided by efficient CS delivery, a
positive long-term health outlook following CS, and postoperative
monitoring. Thus, due attention must be given to reduce the magnitude
of PPA through effective antepartum, intrapartum, and postpartum
maternal care. In addition, further research is required to address the
limitations of this study.
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Introduction: Chronic kidney disease (CKD) is mostly asymptomatic until reaching
an advanced stage. Although conditions such as hypertension and diabetes can
cause it, CKD can itself lead to secondary hypertension and cardiovascular disease
(CVD). Understanding the types and prevalence of associated chronic conditions
among CKD patient could help improve screening for early detection and case
management.

Methods: A cross sectional study of 252 CKD patients in Cuttack, Odisha (from
the last 4years CKD data base) was telephonically carried out using a validated
Multimorbidity Assessment Questionnaire for Primary Care (MAQ-PC) tool with
the help of an android Open Data Kit (ODK). Univariate descriptive analysis
was done to determine the socio-demographic distribution of CKD patients.
A Cramer’s heat map was generated for showing Cramer’s coe cient value of
association of each diseases.

Results: The mean age of participants was 54.11 (+11.5) years and 83.7% were
male. Among the participants, 92.9% had chronic conditions (24.2% with one,
26.2% with two and 42.5% with three or more chronic conditions). Most prevalent
chronic conditions were hypertension (48.4%), peptic ulcer disease (29.4%),
osteoarthritis (27.8%) and diabetes (13.1%). Hypertension and osteoarthritis were
found to be most commonly associated (Cramer’'s V coe cient=0.3).

Conclusion: Increased vulnerability to chronic conditions among CKD patients
make them at higher risk for mortality and compromised quality of life. Regular
screening of CKD patient for other chronic conditions (hypertension, diabetes,
peptic ulcer disease, osteoarthritis and heart diseases) would help in detecting
them early and undertake prompt management. The existing national program
could be leveraged to achieve this.

CKD, multimorbidity, GFR, chronic conditions, Cramer’s coe cient
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Introduction

Chronic kidney disease (CKD) is defined as a decrease in
Glomerular Filtration Rate (GFR) to less than 60 mL/min/1.73m? for
at least 3months, irrespective of cause (1, 2). It was estimated,
around 13% of the world’s population has CKD. Additionally,
prevalence estimates imply the problem is 15% greater in low- and
middle-income nations compared to high-income ones (3). CKD is
mostly asymptomatic until its stage is advanced (4) and so, the
documented cases presenting to hospitals represent the tip of the
iceberg. As the disease stage progresses, it leads to many
complications that include CVD (myocardial infarction, ischemic
stroke, peripheral vascular disease, valvular disease and
arrhythmias), anemia, bone mineral disease, volume overload and
electrolyte imbalances (5). On the other hand, diseases such as
hypertension and diabetes mellitus are known risk factors for CKD
(6, 7). Hence, CKD is often linked to multimorbidity (3).
Multimorbidity is defined as presence of two or more chronic
conditions in the same individual at a point in time (8). Research
study among older age group (>60 years) has shown multimorbidity
to be prevalent in 73.9% of general participants and 86% among
participants having CKD (any stage) (9). The presence of
multimorbidity especially among CKD patients increases the risk of
complications and influences the prognosis greatly leading to longer
hospital stays, greater health-care expenses, mortality, polypharmacy
and low quality of life (4, 10). Early detection of associated
morbidities through detailed evaluation in the community and their
prompt management will undoubtedly aid in preventing the
potential consequences (10). As in other lower middle income
countries (LMICs), multimorbidity has become the norm among
Indian adults. Data on the prevalence and pattern of multimorbidity
among CKD patients in India, particularly in a rural setting, are
nonetheless lacking. Decision-making about the degree of
multimorbidity in CKD patients in India is therefore hindered by
contradicting clinical guidelines, particularly in a rural setting (11,
12). Because of this, contemporary health care programs urgently
need guidance concerning the pattern and prevalence
of multimorbidity.

In India, many states have hotspot regions for CKD including
Odisha, an Eastern state (13). Badamba and Narasinghpur blocks of
Cuttack district, Odisha, are in the limelight for CKD burden for last
more than a decade and have brought the attention of researchers,
program implementers and policy makers to prevent and control it
(14). With this backdrop, a research study was carried out to determine
prevalence of multimorbidity among CKD patients and explore the
pattern of chronic conditions among CKD population of the said
areas. This will primarily aid policy makers in identifying which other
disease areas’ recommendations should be taken into account when
incorporating renal disease recommendations. This study was done
through Model Rural Health Research Unit (MRHRU) established in

the catchment area of this CKD hotspot.

Materials and methods

A cross-sectional study was conducted among the diagnosed
CKD patient in the catchment area of MRHRU at Tigiria, a block of
Cuttack district, Odisha. Under the study, a total of 674 CKD patients
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diagnosed between (January 2017-January 2021) were line listed after
collecting data from the healthcare management information system
(HMIS) database of community health centers of both the study
blocks. Among all the patients, 97 were deceased, 99 were bed ridden
and 221 could not be contacted (incorrect phone number). Finally,
among the 257 CKD patients contacted for the study, 5 declined to
participate, and a total of 252 interested participants who verbally
consented for the study were enrolled, with a non-response rate
of 1.95%.

Data collection tool

A standardized structured schedule ‘Multimorbidity
Assessment Questionnaire for Primary Care (MAQ-PC)’ was used
for data collection. This is a validated tool for community based
(15). Additionally,

demographic information was collected using a standardized tool.

assessment of multimorbidity socio-
Considering the COVID-19 pandemic related restrictions during
the study period, data were collected telephonically by the trained
field investigators using an android based Open Data Kit (ODK)

platform.

Statistical analysis

Univariate descriptive analysis was done to determine the socio-
demographic distribution of CKD patients tabulated by n (%) and
confidence interval. To assess the distribution of associated disease
with number of chronic conditions, a bivariate descriptive table was
presented with n (%). A Cramers heat map was generated by
estimating Cramer’s V coefficient value by using R studio 2021.09.1 to
assess the association between diseases among participants having two
or more chronic conditions other than CKD.

Results

The mean age of the study participants was 54.11 (£11.57) years,
ranging from20 to 86years. While 52.4% were in the (40-59) age
group, 37.7% were 60 or above and 9.9% were in the 20-39 age group.
The majority (83.7%) were male, 97.6% of participants were Hindus
and 91.5% were married. While most of the participants (88.2%) were
from rural villages, 84.9% of participants were literate,69.1% of
participants belonged to below poverty line (BPL) and 44.1% had
monthly family income less than 6,000 Indian rupees. The detailed
socio-demographic distribution of study participants is presented in
Table 1.

Among 252 study participants, 234 (92.9%) had other chronic
conditions apart from CKD (multimorbidity). Upon analyzing for the
number of chronic conditions associated at the individual level, 18
(7.1%) had no other chronic condition, 61 (24.2%) had one additional
chronic condition, 66 (26.2%) had two additional chronic conditions
and 107 (42.5%) had three or more additional chronic conditions
among CKD patients. The distribution of number of associated
chronic conditions is presented in Figure 1.

Among the participants with multimorbidity, the major associated
disease conditions included hypertension (48.41%), peptic ulcer

frontiersin.org


https://doi.org/10.3389/fmed.2023.1131900
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Palo et al.

TABLE 1 Distribution of participants according to socio-demographic
characteristics.

Socio- Participant 95% Confidence
demographic (N=252) interval
characteristics n (%)

Age group

20-39 25(9.92%) (6.52-14.29%)
40-59 132 (52.38%) (46.01-58.68%)
60 above 95 (37.70%) (31.69-43.99%)
Gender

Male 211 (83.73%) (23.25-78.58%)
Female 40 (15.94%) (11.58-20.98%)
Religion

Hindu 245 (97.61%) (94.36-98.87%)
Islam 6(2.39%) (0.87-5.11%)

Marital status

Currently married 226 (91.50%) (87.29-94.66%)

Never married 11 (4.45%) (2.24-7.82%)

Widow/Widower 10 (4.05%) (1.95-7.31%)
Ethnicity

General 76 (30.77%) (25.07-36.93%)
OBC 111 (44.94%) (38.62-51.37%)
Other 60 (24.29%) (19.07-30.13%)
Residence

Urban 29 (11.84%) (8.07-16.55%)
Rural 216 (88.16%) (83.44-91.92%)
Education

Illiterate 36 (15.13%) (10.82-20.32%)
Literate 202 (84.87%) (79.67-89.17%)
House type

Kutcha 58 (24.37%) (19.05-30.33%)
Pucca 94 (39.50%) (33.24-46.01%)
Semi pucca 86 (36.13%) (30.02-42.59%)

Monthly family income

Below 6,000 101 (44.10%) (37.56-50.79%)
Above 6,000 128 (55.90%) (49.20-62.43%)
Poverty status

Above poverty line (APL) 73 (30.93%) (25.09-37.25%)

163 (69.07%) (62.74-74.90%)

Below poverty line (BPL)

disease (29.4%), osteoarthritis (27.8%) and diabetes mellitus (13.1%).
The prevalence of different chronic conditions among CKD patients
is depicted in Figure 2.

Upon further analysis of the associated morbidities according
to number of chronic conditions among the participants with
multimorbidity, a total of 346 co-morbid conditions were identified.
Out of those, 15 (4.3%) were among participants having one
additional chronic condition, 68 (19.6%) were among participants
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having two additional chronic conditions and 263 (76%) were

among participants having three or more additional
chronic conditions.

Among participants having one associated chronic condition,
hypertension and peptic ulcer disease were the major associated
conditions. Among participants with two associated morbidities,
hypertension, osteoarthritis and peptic ulcer disease were the
major conditions. Among participants with three or more
additional comorbidities, hypertension, peptic ulcer disease,
osteoarthritis and diabetes mellitus were the major associated
conditions. The detailed distribution of chronic conditions is
presented in Table 2.

We further analyzed the co-occurrence of different diseases
among the study participants having two and more additional chronic
conditions. To find out this association between diseases, the eight
most prevalent chronic conditions were considered to run a Cramer
heat map (refer to Figure 2; Table 2). Cramer’s V coefficient lies
between 0 and 1, where 0 indicates no association between diseases
and 1 indicates a perfect strong association between the diseases. The
highest crammer’s V coeflicient value (0.3) was between hypertension
and osteoarthritis. Crammer’s V coefficient value of 0.2 was observed
between diabetes mellitus and peptic ulcer disease, chronic backache
and osteoarthritis, osteoarthritis and peptic ulcer disease, and diabetes
mellitus and dementia. Among other diseases, the Crammer’s V
coefficient value was either 0.1 or 0. The association between

morbidities is depicted in Figure 3 below.

Discussion

With improved life expectancy, aging people are also at increased
risk for chronic illnesses such as hypertension, diabetes mellitus,
cancer, chronic kidney disease and mental health problems (16). In
addition to aging, unhealthy lifestyles and unplanned exposure to
urban environments attribute to the occurrence of non-communicable
diseases (17). Due to limited research studies on multimorbidity
among CKD patients, the present study has explored the prevalence
of other chronic conditions among CKD patients in the hotspot area
of Odisha, Eastern India. Additionally, we assessed the pattern of other
chronic conditions among CKD patients.

CKD patients have a high prevalence of multimorbidity because
CKD is a systemic disorder. In our study, we found that the majority
of participants had two or more other chronic conditions in
addition to CKD. This finding is supported by a study conducted in
the UK with 1741 participants, which revealed that the majority of
participants had two or more chronic conditions in addition to
CKD (18). Our study also showed that about one-fifth of the
participants had one or more other chronic conditions in addition
to CKD, which is supported by a study among primary care patients
that found 26 and 29% of all participants had one and two other
chronic conditions, respectively, in addition to CKD (18). As the
kidneys are responsible for filtering waste products, electrolyte
balance, and important endocrine system functions, progression of
CKD can cause toxin accumulation, electrolyte imbalances, and
certain endocrine dysfunctions. As a result, CKD progression can
cause disruptions to numerous metabolic pathways. While the
sodium dysregulation, increased sympathetic nervous system, and
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Distribution of number of other chronic conditions among participants.
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alterations in the renin-angiotensin aldosterone system caused by
CKD have primarily been associated with hypertension (19), these
pathologic conditions could lead to the occurrence of other
chronic diseases.

The presence of additional chronic conditions leads to an
increased risk of mortality and a poor quality of life (18). The
most prevalent associated disease conditions that we found were
hypertension followed by peptic ulcer disease, osteoarthritis and
diabetes mellitus. This finding was also reflected by a community
based study from North Kerala which found the chronic
conditions among CKD patient include hypertension (61.4%),
diabetes (47.3%), cardiovascular disease (30.6%), chronic
obstructive pulmonary disease (10%), malignancies (2.6%), and
retinopathy (28%) (20). Both Studies found that hypertension is
the most common co-morbid condition, and this correlates with
the pathophysiology of CKD-associated hypertension where
renin-angiotensin-aldosterone system (RAAS) over expression

Frontiers in Medicine

accompanied by eGFR reduction results in sodium and water
retention (19).

Whereas CKD is an attributing factor for many other
non-communicable diseases such as cardiovascular diseases,
hypertension, anemia, bone mineral, volume overload and
electrolyte imbalances (5), diseases such as hypertension and
diabetes mellitus are risk factors for CKD (8). In addition, studies
have shown that consumption of NSAIDs is another important
CKD risk factor (21). Patients suffering from osteoarthritis often
take pain medicines such as non-steroidal anti-inflammatory drugs
(NSAIDs). Also, these drugs cause peptic ulcer diseases (22, 23). In
this context, we also observed a higher association between
hypertension and osteoarthritis, diabetes and peptic ulcer disease,
and osteoarthritis and peptic ulcer disease. This clearly indicates
that CKD patients are more vulnerable for having multimorbidity
because of the risk factors involved, nature and complications of the
disease, and the medications prescribed and consumed.
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TABLE 2 Distributions of number of associated disease conditions according to presence of number of chronic conditions.

None or One comorbidity

Chronic conditions

Three and above
comorbidities

Two comorbidities

Crammer’s heat map showing the association between chronic conditions.

Hypertension 7 (46.7%) 28 (41.2%) 87 (33.1%)
Acid peptic 4(26.7%) 11 (16.2%) 59 (22.4%)
Osteoarthritis 1 (6.7%) 21 (30.9%) 48 (18.2%)
Diabetes mellitus 2 (13.3%) 3 (4.4%) 28 (10.6%)
Heart disease 1(6.7%) 1(1.5%) 11 (4.2%)
Chronic lung disease 0 2(2.9%) 10 (3.8%)
Dementia 0 0 9 (3.4%)
Stroke 0 0 4 (1.5%)
Thyroid 0 0 3(1.1%)
Filaria 0 0 2 (0.8%)
Epilepsy 0 0 2(0.8%)
Tuberculosis 0 1(1.5%) 0
Cancer 0 1(1.5%) 0
Total 15 (4.3%) 68 (19.7%) 263 (76%)
Cramer's heat map among CKD participants having 2 and above chronic conditions
Hypertension - 0 - 0.1 0.1 0 0.1 o
Heartdisease | 0.1 0.1 o] 0.1 0.1 0.1
cramer_coefficient
Diabetes - - 0.1 0.1 0.1 -
0.2
Dementia - 0.1 0.1 0.1 0.1
0.1
Chroniclungdisease | 0.1 0.1 o
Chronicbackache 0.1
S S
FIGURE 3

Conclusion

In view of increased vulnerability for different chronic
conditions among CKD patients leading to their higher risk of
mortality and morbidity, it is critically important to regularly
screen the CKD patient for hypertension, diabetes, peptic ulcer
disease, osteoarthritis and heart diseases especially in CKD
hotspot areas. Early detection of these chronic conditions and
their prompt management could help in improving their quality
of life and mortality. The current national program for prevention
and control of cancer, diabetes mellitus, CVD and stroke
(NPCDCS) through established health and wellness centers could
be leveraged for this purpose.
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Background: Multimorbidity is becoming more prevalent in low-and middle-
income countries (LMICs). However, the evidence base on the burden and its
longitudinal outcomes are limited. This study aimed to determine the longitudinal
outcomes of patients with multimorbidity among a sample of individuals
attending chronic outpatient non communicable diseases (NCDs) care in Bahir
Dar, northwest Ethiopia.

Methods: A facility-based longitudinal study was conducted among 1,123
participants aged 40+ attending care for single NCD (n=491) or multimorbidity
(n=633). Data were collected both at baseline and after lyear through standardized
interviews and record reviews. Data were analyzed using Stata V.16. Descriptive
statistics and longitudinal panel data analyzes were run to describe independent
variables and identify factors predicting outcomes. Statistical significance was
considered at p-value <0.05.

Results: The magnitude of multimorbidity has increased from 54.8% at baseline to
56.8% at lyear. Four percent (n=44) of patients were diagnosed with one or more
NCDs and those having multimorbidity at baseline were more likely than those without
multimorbidity to develop new NCDs. In addition, 106 (9.4%) and 22 (2%) individuals,
respectively were hospitalized and died during the follow up period. In this study,
about one-third of the participants had higher quality of life (QoL), and those having
higher high activation status were more likely to be in the higher versus the combined
moderate and lower QoL [AOR1=2.35, 95%Cl: (1.93, 2.87)] and in the combined higher
and moderate versus lower level of QoL [AOR2=1.53, 95%Cl: (1.25, 1.88)].

Conclusion: Developing new NCDs is a frequent occurrence and the prevalence of
multimorbidity is high. Living with multimorbidity was associated with poor progress,
hospitalization and mortality. Patients having a higher activation level were more
likely than those with low activation to have better QoL. If health systems are to meet
the needs of the people with chronic conditions and multimorbidity, it is essential
to understand diseases trajectories and of impact of multimorbidity on QoL, and
determinants and individual capacities, and to increase their activation levels for better
health improve outcomes through education and activation.

multimorbidity, quality of life, panel data, ordinal regression, Ethiopia
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Background

Multimorbidity is usually defined as the occurrence of two or
more coexisting chronic conditions in an individual (1).

Multimorbidity is a growing global challenge with substantial
impacts on individuals, health systems and the society (1). Recent
reviews reported a pooled prevalence of 42.4% in high-income
countries (HICs) (2), 43% in Latin America and Caribbean (3) and
36.4% in low-and middle-income countries (LMICs) (4). The
magnitude of chronic multimorbidity in a recent facility based study
in northwest Ethiopia was 54.8% (5).

Although mechanisms underlying the development of
multimorbidity are complex, the increasing burden of multimorbidity
is due to population aging and changes in lifestyle risk factors, notably
physical inactivity and obesity (6). Studies in HICs have also shown
that multimorbidity is socially patterned, where it mainly affects and
occurred much earlier in populations with socio-economic
deprivation in HICs (7, 8) and in the wealthiest quintile group in
LMICs (9). The rising incidences of multimorbidity in LMICs is
further influenced by the presence of adverse environmental and early
life stressors linked to poverty, limited social infrastructure and poorer
coping mechanisms, which ultimately lead to occurrences of chronic
diseases and multimorbidity at earlier ages (1).

Non communicable diseases (NCDs) multimorbidity is associated
with many adverse consequences, including death at younger age
(10-12), impairments of physical and social functioning (13, 14), poor
quality of life (15-17), high cost of care (18) and higher rates of
adverse effects of treatment and complex interventions (19).

The management of multimorbidity is much more complicated
and demanding for the health system, patients and their family (20).
Although people with multiple chronic conditions require an ongoing
and integrated care over a period of years or decades, they often
receive a care that is fragmented and ineffective (21-24).

Despite the challenges of generating a universal management
algorithm for every possible combination of chronic conditions, most
models have common features (25). The overarching care principles
involve integration and coordination of care, patient-centered
interventions and optimization of medication therapy (25-30). Some
of the models that were reported to be effective in improving outcomes
of patients with multimorbidity in HICs include the patient centered
medical homes (PCMH) (31), the Salford Integrated Care Program
(SICP) (32), the whole system intervention (CARE Plus) (33) and
patient activation (PA) (34, 35).

People who have the highest patient activation (PA) levels, including
knowledge, confidence and skills to manage their own health tend to have
better health outcomes than those who have a more passive approach (36,
37). Patient activation has been used to tailor self-management support
interventions to improve behavioral and health-related outcomes for
patients with multiple chronic conditions (38). Evidence shows higher
levels of patient activation are associated with better self-management,
better health outcomes, and lower healthcare costs (34). Conversely, lower
patient activation scores are associated with lower QoL (38, 39). However,
the authors did not find evidence on the implementation of these or other
effective models of managing multimorbidity in the LMICs context. The
challenges of managing multimorbidity might even be higher in LMICs
where health systems are overwhelmed by high burden of communicable
diseases (such as HIV, TB and Malaria) and maternal, neonatal and
nutritional health problems (40). On the other hand, health systems in
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LIMCs are largely configured with conventional one-size fits all chronic
disease care (26), which often is inadequate to meet the needs of patients
with chronic multimorbidity (41). Directly applying intervention models
from HICs to LMICs is not feasible as primary care is organized in
different ways across countries and even within different regions of a
given country (42).

In the face of struggling to fight against communicable and
and maternal childhood health
problems, the emergence of multimorbidity in Ethiopia poses a

non-communicable diseases,

serious burden to the health system. Health services in Ethiopia are
largely organized around single conditions and hospital doctors who
specialize in one condition or area of the body often manage patients
with one condition in mind, although many people, especially as they
get older, will end up with more than one diagnosed condition.

Therefore, patients with multimorbidity remain inadequately
managed and suffer adverse consequences, including poor quality of
life, impaired functioning, hospitalization and mortality.

Despite the huge challenge multimorbidity brings to the health
system in Ethiopia, substantial evidence gaps remain on the burden of
multimorbidity, and its impacts on longitudinal patient outcomes. The
need for understanding the trajectories and impacts of multimorbidity
in the LMICs context has been emphasized (43, 44).

Obijective

This study aimed to determine the longitudinal outcomes of
patients with multimorbidity using HRQoL as the main outcome and
associated factors among a sample of individuals attending chronic
outpatient NCDs care in Bahir Dar, northwest Ethiopia.

Methods and materials

This is a multi-center facility based longitudinal study conducted
both in public and private health facilities in Bahir Dar City, Ethiopia.
This study is part of an ongoing research and detail of the methods
applied in this study has been published elsewhere (45).

Study setting and population

This study was conducted in five hospitals (three public and two
private) and three private specialty clinics in Bahir Dar city. These
facilities provide the bulk (~80%) of chronic NCDs care for the people
living in the city and surrounding areas. Although chronic NCDs care
and management is presumed to be provided in a relatively uniform
fashion using the national NCDs treatment guideline (46), the nature
of patients vising these facilities may vary and there remains a
substantial difference in the quality and affordability of NCDs care
between public and private health facilities in the country.

Sample size
Sample size for the baseline study

The input values a (type I error=0.05), power (1-f=90),
confidence level (95%) and the estimated non-response and
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attrition during follow-up (20%) were used to estimate the sample
size required for measuring the variables. Compared to other
methods, the sample size yielded by the general linear multivariate
model with Gaussian errors (GLIMMPSE) sample size and power
calculator formula (32-34) was chosen for its adequacy to answer
all the quantitative study objectives. Based on the given
assumptions and the approach we used, the calculated sample size
required was calculated as 600. As the nature of participants is
likely to be different by the type of facility (public or private)
where they receive care, we employed stratification to ensure fair
representation in the sample for important sub-groups analysis.
Hence, a design effect of 2 was considered to avoid the possible
loss of sample power during stratification. Adding 20% to the
possible loss to follow-up (considering the longitudinal study) and
nonresponse, the sample size needed was calculated to be 1,440.

Sample size for the end line study

All of the patients that were enrolled for the baseline study
(n=1,432, 99.4%) were approached for the end line study. However,
we obtained data only from 79% (n=1,123) of the participants studied
at baseline. The person-time data was 2,556 as calculated through
Stata to assume a longitudinal panel data.

Sampling procedure

A two-stage stratified random sampling method was
employed for recruiting facilities and participants. The sample
size from each facility was determined based on the notion of
probability proportional to size (PPS) using the pool of chronic
NCD patients (> 40 yrs) registered for follow-up over the year
preceding our assessment (January-December 2020) in each
participating facility.

Only facilities who were providing chronic NCDs care by
general practitioners or specialist physicians for at least a
duration of 1 year prior to the data collection were considered.
Older adults (40 years or more) diagnosed with at least one NCD
and were on chronic diseases follow up care for at least 6 months
prior to the study period were recruited for the study. Pregnant
women and individuals who were too ill to be interviewed and
admitted patients were excluded.

Participants enrolled for the baseline study (from March 15 to
April 30, 2021) were invited 1year later for the follow up study from
March 15 to April 30, 2022. Contact information (mobile numbers
and medical registration numbers) of patients involved in the baseline
study were documented to contact them for the follow-up study.
Printed copies of contact addresses of patients were given to the data
collectors to sort out appointment dates of patients and to also remind
patients to come for the study. All the participants agreed for the
baseline study were informed about our plan to contact them 1 year
from the baseline assessment. We used Kobo toolbox software to
accurately match the end line data (period 2) with the baseline data
(period 1) (47).

Data on QoL, patient activation (PA) score and multimorbidity
were collected at two points on the same individual. However, some
key outcome data such as mortality, hospitalization and perceived
progress over time were collected only at the end of the follow
up period.
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Definition and measurement of the primary
outcome variable (HRQoL)

HRQoL (stated as QoL in this study) is defined as individuals’
perception of their position in life in the context of physical,
psychological and social functioning and well-being (48). QoL at two
points (baseline and end line) was measured using the interviewer-
administered short form (SF-12V2) assessment tool (49, 50).

The SF-12 tool is extensively validated and widely used generic
tool for measuring QoL in multimorbidity across different contexts,
including Sub-Saharan Africa (51-53). The tool was translated and
pilot tested according to the study protocol we published (45). The tool
measures eight health aspects, namely physical functioning (PF), role
limitations due to physical health problems (RP), bodily pain (BP),
general health perceptions (GH), vitality (VT), social functioning
(SF), role limitations due to emotional problems (RE), and mental
health (psychological distress and psychological well-being) (MH).
Two summary measures are derived from the SF-12: physical health
(Physical Component Summary-PCS) and mental health (Mental
Component Summary-MCS). However, owing to the possibility of
correlation (lack of uni-dimensionality) between the PCS and MCS
scores, some studies criticized the use of these scoring algorithms and
recommended raw sum scores instead (54, 55). The use of a single raw
sum score enables a consistent assessment of the impact of
multimorbidity and how this varies across a given population (56).
Thus, we applied this approach for analyzing the QoL data.

First, we reverse coded the scores for items 1, 9 and 10 and
computed the raw total. The overall scores were scaled from 0 to 100,
with 0 representing worst health (57). Although popularly used in
previous studies, the notion of fitting linear regression models to
summarize categorical data such as the QoL data has been questioned
(55, 58). The linear regression models may potentially lose important
variability in the data particularly when the QoL data is collected by
Liker-type scales such as the SF-12 tool (59, 60). Recent advances in
the field recommend the interpretation of QoL rather as a categorical
(group continuous) variable than as a metric variable (58). Studies
suggest that ordinal regression models (OLR) are superior to other
method for analyzing ordinal data, including health-related QoL data
(58, 61). Hence, we ranked the scaled QoL scores into three ordered
and non-overlapping categories as per the recommendation (60) as
poor QoL (a scaled value <75), moderate QoL (scaled value from 75
to 89.9) and high QoL (scaled value from 90 to 100) and fitted into the
longitudinal OLR and proportional odds (PPO) models.

Measurement of independent variables

Sociodemographic characteristics

Except for age, the data on gender, education, residence and
occupation were taken from the baseline records. In addition,
outcomes were compared based on the baseline QoL, gender and
method of data collection.

Non communicable diseases and NCDs
multimorbidity

As explained in the study protocol (5), multimorbidity was
operationalized as the co-occurrence of two or more of the chronic
NCDs. List of NCDs considered in this study were determined based

frontiersin.org


https://doi.org/10.3389/fmed.2023.1085888
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Eyowas et al.

on our review study (62) and includes hypertension, diabetes, heart
diseases (heart failure, angina and heart attack), stroke, bronchial
asthma, chronic obstructive pulmonary diseases (COPD), depression
and cancer.

Information on these chronic conditions was assessed through a
question about ever being diagnosed with the disease by a health
professional. The specific question was “have you ever been told by a
health professional/doctor that you have (disease name)?” responses
were either yes (scored as “1”) or no (score as “0”). Participants were
also prompted to report up to three additional chronic conditions
they are living with if any. To improve the quality of data obtained
from interviews (63, 64), we reviewed medical records of all the study
participants. At the time of the follow-up data collection, participants
were asked if they are diagnosed with new (additional) NCD/s (since
the baseline) and patient charts were reviewed to corroborate the
information obtained from interviews if patients reported to have
any. In addition to the interview and review of medical records,
we used a locally validated patient health questionnaire (PHQ-9) (65)
to assess mental health status. Possible PHQ-9 scores range from 0 to
27 and patients scoring 10 or more were classified as having
depression (66).

In addition, data on factors potentially related to developing new
NCD and multimorbidity, including age, gender and activation level
were explored.

Patient activation score

Patient activation (PA) refers to the motivation, knowledge, skills
and confidence that equip adults to be actively engaged in their health
and healthcare (67). PA score was measured using validated tools (67,
68). The tool contains 13 statements answered on a 4-point Likert-type
scale about managing on€’s health and summed to a 100-point scale,
with higher scores reflecting higher levels of activation (69). The score
was classified into four stages, the lowest category being poor
activation (<47.0=stage 1, 47.1-55.1 =stage 2, 55.2-67.0=stage 3
and >67.1 =stage 4). We omitted the ‘not applicable’ option as it was
not chosen by any of the participants at baseline.

Those who fall into Level 1 are defined as passive recipients of care
who do not understand that they can play an active role in their own
healthcare. Level 2 includes patients who lack the basic knowledge and
confidence to effectively self-manage (for example they may not
understand the treatment options available to them or what their
medications do). Level 3 includes those who have a basic knowledge
about their health but they lack the confidence and skills to engage in
positive self-management behaviors. Level 4 is for patients who have
the knowledge and confidence to self-manage but who may need
support during times of personal stress or health crisis (70). The PA
level has been found to be a valid and reliable measure in people with
long-term conditions, including in patients with multimorbidity in
different contexts (71).

Measurement of other outcome variables

Hospitalization

Participants were asked if they were hospitalized (at least once)
due to the chronic condition/s they are living with. Responses were
recorded as yes if they were hospitalized and no if not. The factors
associated with hospitalization, including the type and number of

Frontiers in Medicine

10.3389/fmed.2023.1085888

NCDs were also studied. We used binary logistic regression models
adjusting for age and gender to check if NCDs and multimorbidity are
associated with hospitalization.

Perceived progress

We asked participants to rate their progress since the baseline
status. They indicated their progress (symptom burden) over time
using a rating scale (poor or deteriorating progress, fair progress and
very good or excellent progress) as proposed (72).

Mortality

We reviewed medical records and contacted patient family
members (using the telephone number we recorded at baseline) to
collect the mortality data.

Data collection tools and procedures

The tools we used to collect the baseline data were utilized to
gather the follow-up data. The tools were piloted tested and
standardized according to the study protocol (45). For the sake of a
more efficient and accurate data collection, aggregation and statistical
analysis, the follow-up data were also collected by the Kobo Toolbox
software (47). Patients were interviewed and assessed following their
regular consultation appointment. Physicians and nurses working in
the chronic care unit were involved to facilitate the data collection
process. However, data were primarily collected by graduate
nurse professionals.

After obtaining consent from the participants, information on
self-reported newly diagnosed medical condition/s, activation status,
QoL and depression level was collected by interviewer administered
questionnaires. Finally, we reviewed medical records of participants
who have had a new diagnosis and those of patients reported to have
died during the follow up period.

Data were collected by face-to-face interviews (n=913, 81.2%)
and telephone interviews (n=211, 18.8%). The t-test shows no
statistically significant differences in the mean age between the two
method of data collection employed (p-value=0.497).

Data quality assurance

Data were collected from multiple sources using pilot tested and
standardized instruments. Eight of the 10 data collectors that were
recruited for the baseline study and two newly recruited data collectors
were oriented together and employed to collect the end line data. The
data collection process was monitored by trained supervisors and the
principal investigator. We used Kobo toolbox software to collect real
time data and monitor the validity of the information uploaded to the
server daily (47).

Data analysis

The data from the Kobo toolbox server were downloaded into an
excel spreadsheet and migrated to SPSS V. 21 for cleaning before being
exported to Stata V. 17 for analysis. The end line data were linked to
the baseline data to form the panel data.

The authors did not do imputations to account for the missing
data due to the addition of a 20% sample for the possible loss during
follow up and non-response and because of the probability that the
missing were at random.
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We ran descriptive statistics to characterize distributions of the
study participants, patient reported outcomes and associated factors.
All descriptive analyzes were weighted to account for the stratified
sampling. In our analysis, age and social support scores were treated
as continuous variables.

Sensitivity analysis was conducted using chi squared test to check
whether the data collected by face-to-face interview (81.2%) and
telephone interview (18.8%) have statistical difference. No difference
was observed between the two based on multimorbidity status
(r*=7.2, p=0.065) and QoL (*=2.29, p=0.130) measured at baseline.

Descriptive statistics were also used to characterize and compare
the distributions of PA levels and QoL levels between the baseline and
end line period. For the sake of clarity, we have also computed the
means and SDs of both these response variables. We checked
multicollinearity of independent variables while fitting multivariable
models (VIF=1.02).

Most QoL data are measured by Likert-type scales, and the scores
were treated as if they are continuous (equal distance between levels)
and normally distributed (61). However, evidence shows that such
data possess skewed distributions and it is unknown whether the
distances between two successive or alternative levels (categories) are
equal (73). Hence, analyzing ordinal data as if they are metric
(continuous) can systematically lead to biased effect-size estimates,
inflated errors rates and inaccurate parameter estimates (55, 74). In
addition, collapsing the categories to suit for binary regression is
inappropriate for ordered outcomes such as the QoL (59, 60). Hence,
more sensitive and comprehensive models are required. Evidence
suggests that the ordinal regression models are superior to the
methods commonly used to analyze data of an ordered nature (75, 76).
The ordinal models provide better theoretical interpretation and
numerical inference than the metric (linear) models for ordered
outcomes (77, 78). Based on this, QoL was treated as an ordered
outcomes and categorized as low, moderate and high, and coded as 0,
1 and 2, respectively, as described above. However, as our data did not
satisfy the parallel lines regression assumptions, we fitted the partial
proportional odds model. The model treats the data in two categories
(as Panel 1 vs. 2 and 3 or panel 1 and 2 vs. 3).

Our data were measured at two points in time. Considering the
correlation between outcomes measure at different times, we fitted an
ordered logistic panel data analysis model. Panel data analysis is useful
to control unobserved characteristics that do not change over time
(time invariance variables) (79).

The data measured at two periods were reshaped from wide to
long format. Then, the authors set Stata to handle the longitudinal
panel data by using the xtset command (xtset facility type year).
We had 2,246 person time data for this analysis.

Facility type was the panel variable and year (2021 to 2022)
the time variable. We obtained the following output, signifying
the data were strongly balanced (all individuals have data at two
times).

xtset facility type year
panel variable: participant ID (strongly balanced)
time variable: year, 2021 to 2022
delta: 1 unit

To explore the relationship between predictor and outcome
variables, we fitted both fixed and random effect models.

The model we fitted is described below.

Y, =a+ Xy, +uit + git where
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i=individual and t=time (from March 2021-March 2022)

a is the intercept

Y, is the dependent variable (either QoL)

Xy, represents the k™ independent and control variable

By is the coefficient for respective independent and control variables

uit is the impact of the i" individual (not a measured variable)

git is the error

As we recruited a random sample of study participants,
we performed both fixed effect and random effect regressions, then
we compared them using the Hasuman test. The null hypothesis states
that the error terms are not correlated. That means a significant test
(p-value <0.05) in the Hausman test implies that the error terms are
not correlated. Hence, the fixed effect model is preferred. If the test
result is not significant, however, the random effect model is plausible
(79). The Hausman test in our model indicates that the null hypothesis
be rejected (p-value=0.110). Hence, the random effect model is
appropriate. We have further checked whether the random effect
model is preferred to the simple OLS by running the Breusch-Pagan
Lagrange Multiplier (LM) test. The null hypothesis is that variation
across entities is zero (no panel effect). The LM test in our analysis
showed a significant (p-value=0.001) implying the random effect
model is appropriate (80).

We used logistic regression analysis adjusting for age and sex to
identify factors associated with development of new NCDs,
multimorbidity and adverse outcomes such as hospitalization, poor
progression and mortality.

Results
Characteristics of the study participants

Of the 1,432 participants who were enrolled in the baseline study,
1,123 (78.5%) patients agreed to participate for the follow up study.
They ranged in age from 41 to 93 years (mean 57.1 + 11.8 years, median
55years), with a slightly higher percentage of women (50.9%) versus
men (49.1%; Table 1). The primary reason for non-response were
absenteeism on the date of follow-up and difficulty in tracing them via
telephone calls (n=19.06%), death of the participant (n=22, 1.54%)
and refusal (n=9, 0.98%). There was no statistically significant
difference between the attendees and the lost to follow up groups with
(p-value=0.504), (p-value=0.400),
multimorbidity status (p-value=0.097) and the mean baseline QoL
scores (p-value=1.000).

regard to age gender

Newly diagnosed NCDs and the change in
the patterns of multimorbidity

During the follow up period, 44 (3.9%) patients reported to
have one or more newly diagnosed NCDs, with, a higher proportion
(n=34, 72.3%) of them having multimorbidity at baseline. There
was a statistically significant difference in the probability of
developing new NCDs between having multimorbidity and single
morbidity at baseline (p-value =0.003). In addition, there was a 2%
increase in the magnitude of multimorbidity during the follow up
period. In other words, the magnitude of multimorbidity has
increased from 54.8% at baseline to 56.8% as measured at the follow
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TABLE 1 Socio-demographic characteristics of study participants
attending chronic outpatient NCDs care in Bahir Dar, Ethiopia.

Variables Frequency Percentage
Age in years
<44 190 16.9
45-54 310 27.6
55-64 314 28.0
65+ 309 27.5
Sex
Male 552 49.1
Female 572 50.9
Residence
Urban (Bahir Dar) 651 58.0
Other towns 287 25.5
Rural 185 16.5
Religion
Orthodox Christian 1,033 91.9
Muslim 85 7.6
Others 6 0.5
Marital status
Currently married 844 75.1
Single* 280 24.9
Education no
Formal education 594 52.8
Primary 121 10.8
Secondary 145 12.9
College level and 264 235
above
Occupation
Housewife 267 23.8
Employed 223 19.8
Farmer 153 13.6
Trader 263 234
Retired 110 9.8
Unemployed 108 9.6
Wealth index (SES)
Low 403 359
Middle 337 29.9
High 384 34.2
QoL
Poor 426 37.9
Moderate 320 285
High 378 33.6

*Never married, divorced, widowed and separated.

up period. It was also observed that about 17% of those having
multimorbidity had three or more NCDs, a 2 % increase from the
baseline status (15.2%).
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Hypertension (19.6%), heat failure (19.6%) and chronic kidney
diseases (15.2%) were the most frequently newly diagnosed NCDs
during the follow up (Figure 1).

Factors associated with occurrence of
newly diagnosed NCDs

Having multimorbidity and being in the overweight or obese BMI
category at baseline were the factors predicting development of new
NCDs. However, only the presence of multimorbidity at baseline
remained a statistically significant factor in the adjusted model. The odds
of having a new NCD diagnosis was 2.5 times higher among patients that
had multimorbidity at baseline compared to those who had single
morbidity. However, participants’ age and sex were not associated with
development of new NCDs during the one-year follow up (Table 2).

Perceived Progress

The majority (n=659, 58.6%) of the participants reported that
they had a good progress compared to their status at baseline. While
about one third (n=374, 33.3%) reported to have a fair progress and
91 patients (8.1%) had poor and deteriorating progresses.

Hospitalization

Nearly 10% of the patients were admitted during the follow-up
because of one or more of the NCDs they were living with. Presence of
three or more chronic NCDs (AOR: 3.64, 95%CI =2.15, 6.17) compared
with having single NCD, and those who reported to have a deteriorating
progress (AOR: 12.42, 95%CI =6.97, 22.14) or fair progress (AOR: 2.82,
95%CI=1.72, 4.60) since the baseline were more likely than their
counterparts to have hospital admission (Table 3).

Mortality

Of the total number of patients whose status was known (n=1,160,
82%), 22 (2%) patients were reported to have died during the course
of the one-year follow up.

Patient activation status

The PA scores were summed and scaled into a 100-point scale
to compute the mean PA value. The mean score was 76.0 +23.2.
According to the standard classification (81), the majority
(45.8%) were classified under the highest activation category
(score >67.1), followed by those in level two 26.1% (score 47.1-
55.1), 18.4% in level one (score<47.0) and 9.7% in level three
(score 55.2-67.0; Table 4). For the sake of simplifying the
interpretation of its effect on QoL on the ordered logistic
regression (proportional odds) model, we classified the PA score
into two groups: high (>55.2) and low (<55.1). In this sense, the
proportion of participants in the high and low category was 55.5
and 44.5%, respectively. We observed that activation level
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FIGURE 1
List of newly identified NCDs among patients attending NCDs care follow up, Bahir Dar Ethiopia.

TABLE 2 Factors Associated with development of new NCDs among patients attending outpatient NCD care follow up, Bahir Dar Ethiopia.

New NCDs
Yes (%) No (%)

Variables

p-value

Crude odds p-value Adjusted odds

ratio (95%Cl)

ratio (95%Cl)

Age in years 0.881 0.99 (0.97, 1.02)
Sex
Male 27 (4.9) 524 (95.1) Base
Female 17 (3) 554 (97) 0.102 0.59 (0.32, 1.11) 0.188 0.64 (0.33,1.24)
BMI (baseline)
Underweight 1(0.3) 149 (99.7) 0.132 0.21 (0.03, 1.59) 0.129 0.21 (0.03, 1.60)
Normal weight 18 (3.1) 566 (96.9) Base
Overweight or obese 25 (6.6) 353 (93.4) 0.011 2.22(1.19,4.14) 0.153 1.61 (0.84, 3.08)
Multimorbidity at baseline
Yes 34(5.4) 599 (94.6) 0.004 2.81(1.34,5.73) 0.017* 2.52(1.18, 5.38)
No 10 (2) 481 (98) Base

*Statistically significant at p-value <0.05 in the adjusted model.

fluctuated over time. Based on the Pearson correlation test, the
correlation between the baseline and end line PA score was 0.065,
implying no strong correlation between the two measurements.

Quality of life

The majority (37.9%) of participants had a lower QoL and there
was a modest increase from the baseline level (33.5%). In this study,
about one-third (33.6) of the patients had better QoL and 28.5% of
them had moderate QoL.

Factors associated with QoL

We assessed the effect of key independent variables through fitting
an ordered longitudinal panel data analysis model. As indicated in the
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method section above the random effect model is appropriate for the
data at hand and the output of the model is shown below (Table 4).

Compared to males, females had lower odds of being in the higher
level of QoL versus the combined lower and moderate QoL and in the
combined higher and moderate levels of QoL versus the lower level of
QoL, given the other variables are held constant in the model
[AOR1=AOR2: 0.99, (95%CI: 0.82, 1.22)]. Similarly, a person living
with multimorbidity had a lower odds of being in the higher level of
QoL versus the combined lower and moderate QoL and in the
combined higher and moderate levels of QoL versus the lower level of
QoL, given the other variables are held constant in the model
[AOR1=AO0R2: 0.89, (95%CI: 0.73, 1.09)]. However, none of these
association are statistically significant. Further, age has no statistically
significant association with QoL in our analysis.

On the other hand, PA score has shown a statistically significant
association with QoL in both panels. For individuals having a higher
levels of PA score, the odd of being in the higher category of QoL
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TABLE 3 Factors associated with hospitalization among patients on chronic NCDS care follow up, Bahir Dar Ethiopia.

Variables

Hospitalization

p-value COR (95%) AOR (95%)

Yes \[o)

Age 0.941 ‘ 1.00 (0.98. 1.02) ‘ ‘

Morbidity

Single NCD 33 452 Base

2 NCDs 33 415 0.738 1.09 (0.66, 1.79) 0.811 1.06 (0.63, 1.79)
3 or more NCDs 40 151 <0.001 3.63(2.21,5.96) <0.001%* 3.64(2.15,6.17)
Perceived progress

Poor/deteriorating 33 58 <0.001 12.36 (7.01, 21,78) <0.001%* 12.42 (6.97, 22.14)
Fair progress 44 330 <0.001 2.89(1.78,4.72) <0.001%* 2.82(1.72,4.61)
Good progress 29 630 Base

Baseline PAM level

Level 1 16 147 0.358 1.32(0.73, 2.41)

Level 2 15 120 0.350 0.75 (0.40, 1.34)

Level 3 10 95 0.796 0.89 (0.38, 2.98)

Level 4 65 654 Base

**Statistically significant at p-value <0.001 in the adjusted model.
TABLE 4 Factors associated with QoL in longitudinal panel ordered logistic regression model.

Independent variables QoL (Panels)

Panel one (1 Vs. 2 and 3)

Panel two (1 and 2 Vs 3)

Coe cients AOR 1 (95%Cl) AOR2(95%Cl) p-value
Sex [Female vs. male (Ref)] Constant (OR1=0R2) 0.99 (0.82,1.22) 0.99 (0.82,1.22) 0.897
Age in years Constant (OR1=0R2) 1.00 (0.99, 1.01) 1.00 (0.99, 1.01) 0.949
Multimorbidity [yes vs.no (Ref)] Constant (OR1=0R2) 0.89 (0.73, 1.09) 0.89 (0.73, 1.09) 0.266
PAM [high vs. low (Ref)] Coefficients not constant
2.35(1.93,2.87) 1.53 (1.25, 1.88) <0.001%**
(OR1#0R2)

*#*Statistically significant at p-value <0.05 in both panels using the random effect model.

versus the combined moderate and lower QoL was 2.4 times higher
[AORI: 2.35, (95%CI: 1.93, 2.87)]. Likewise, the odds of being in the
combined higher and moderate QoL versus lower QoL was 1.5 times
higher for individuals having a higher level of PA score [AOR2: 1.53,

(95%CI: 1.25, 1.88)] (Table 4).

Discussion

This study broadly assessed the progress and outcomes of patients

attending chronic outpatient NCD care in Bahir Dar, Ethiopia.

It was found that multimorbidity is common and those having

multimorbidity at baseline were more likely than individuals with

single morbidity to develop new NCDs over the course of the

12 month follow up period. This may be explained by the possibility

that individuals living with multimorbidity already have enough of the

risk factors to developing more NCDs (44), or because of the
probability that they would find it difficult to make lifestyle
modifications while burdened with existing multiple conditions, or

may be due to complications arising from poor management of the

underlying NCDs. Other studies have also reported a higher rate of

cumulative incidence of NCDs among multimorbid individuals than
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their counterparts in LMICs (82, 83). The findings with regard to the
challenges and burdens that patients with multimorbidity face are
consistent with previous studies in LMICs (1, 82).

The magnitude of multimorbidity increased from 54.8% at
baseline to 56.8% by the end of the one-year follow up. A 2 % increase
in the burden of multimorbidity implies that the course of developing
multimorbidity is rapid and that if not properly managed, individuals
with single morbidity will eventually develop multimorbidity. While
living with single NCDs is challenging by itself, the addition of one or
more chronic NCDs during the course of treatment may complicate
patient management and result in poor clinical outcomes, including
disability, poor quality of life and mortality (84). Studies have shown
that timely screening and prevention of risk factors and person-
centered management of index conditions help to prevent or delay
occurrences of comorbidity and multimorbidity (1, 83). Although not
shown in our study, previous evidence has shown that individuals with
high activation level are less likely than their counterparts to develop
additional morbidities during the course of their treatment (34, 69).

Monitoring the clinical progress of individuals attending chronic
care is instrumental to prevent adverse outcomes and modify
interventions to improve management and outcomes (82). The
authors observed that the majority had higher levels of perceived
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progress of their conditions from the baseline status. A significant
proportion (8.1%) of the participants had poor or deteriorating
progress. Unless immediate action is taken, those in the latter category
will suffer poor outcomes. Perhaps, those who reported to have a fair
progress may progress to a deteriorating status if not managed
properly. Evidence shows that carefully implemented preventive and
management strategies help avoid adverse progresses and development
of secondary or tertiary conditions (83, 85).

In this study, the authors found that nearly 10% of participants were
hospitalized at least once during the one-year follow up due the chronic
condition/s they were living with. Consistent with previous literature (86,
87), individual having multimorbidity at baseline, including those with
three or more chronic conditions were more likely than individuals with
single morbidity to experience hospitalization during the course of their
follow up care. In agreement with previous studies (88), a dose-response
relationship between the number of chronic diseases and hospitalization
was also observed in this study. Other researchers argue that most
multimorbidity related hospitalizations are avoidable, and their
occurrence warrants a lack of care coordination and the lack of care
quality, possibly because of fragmentation when addressing the problems
in individuals living with multiple conditions (86).

During the one-year follow up, 22 (~2%) patients were reported to
have died. Although it was difficult to ascertain the cause death of these
individuals, a higher proportion (64%) of them had multimorbidity at
baseline and participants’ death was not attributable to their age.
Longitudinal studies consistently reported an increasing odd of mortality
among individuals with multimorbidity compared to those without
multimorbidity (82, 89). Higher mortality risk in those with
multimorbidity indicates the need for tailored, person-centered integrated
care interventions and better access to holistic healthcare for improving
the wellbeing and survival of these group (90). However, in contrast to
previous studies (91), neither the number of chronic conditions nor
specific disease combinations are associated with mortality in our study.
This might be related to the relatively short period of follow up and small
sample of the deceased individuals in our analysis.

A sufficient degree of activation is required for patients with
multiple chronic diseases for adequate self-management practices
(92). A higher level of PA, that allows patients to take on the role of
managing their own health and healthcare (70),is associated with
better outcomes such as improved QoL, compliance to medication
regiments, proper self-management and reduced chance of unplanned
hospitalization and mortality (69, 93). In this study, it was found that
the majority (55%) had higher level of PA. However, given the high
and growing burden of multimorbidity, there seem a missed
opportunities to enhance activation among patients attending chronic
follow up care. This may result in a more rapid progression to
development of more NCDs and associated complications (93).

As observed in our study, activation level may fluctuate over time
and can be affected by disease progression, background of patents and
quality of healthcare (94). Hence, it is important to understand
individual circumstances and changes in the progression of their
condition and support activation levels and behaviors sufficient to
maintain their wellbeing and improve outcomes as suggested by
previous literature (38).

Health related QoL is one of the outcomes that could be predicted
by individuals’ activation status (95). In this study, it was found that a
higher proportion (38%) of the participants had poor QoL with 33.6%
reporting good QoL. Although it is not possible to determine
causation, higher levels of PA predicted higher levels of QoL in our
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study. This finding is consistent with previous studies (37). This
association illuminates a possible entry point for developing strategies
to increase patient activation levels, thereby increasing QoL and
improving health outcomes (95). Moreover, Racheli Magnezi et al.
(95) found that patient activation intervention was particularly
effective for those with PA scores at Levels 1 and 2 (i.e., the less
activated patients) and any changes in PA levels were directly
associated with changes in health status, with improvement in patient
activation leading to better health outcomes. Activation of patients
with chronic conditions can routinely be monitored and enhanced
through providing instructions and specific caretaking tasks, building
their confidence and encouraging patients to take additional actions,
until they are finally able to manage their own conditions (81, 95).

However, unlike their effect on the QoL at baseline, age and
multimorbidity did not show a statistically significant association with
QoL in the longitudinal study. This variation may be partly explained
by the difference in the way the survey data were handled (i.e., we used
longitudinal panel data for this study and cross-sectional data at
baseline) to analyze the impact of these factors on QoL at the end line.
The slight changes in the levels of QoL from the baseline might have
contributed to the loss of significance of these variables. Further
research is need to corroborate or refute this observation.

Implication of research, policy and practice

The main goal of health care for the people living with chronic
conditions and multimorbidity is to support them achieve a better
QoL, improved wellbeing and survival (28, 96). However, a significant
number of patients attending chronic care in the study area
experienced a range of adverse outcomes, including development of
new NCDs and multimorbidity, poor disease progression, poor QoL,
hospitalization and mortality. This implies living with chronic NCDs
and associated multimorbidity has profound impacts on individuals,
and that the health system does not seem to be well prepared to
adequately respond to individual patient needs. The provision of
patient-centered care in which all healthcare providers work together
with patients to ensure coordination, consistency and continuity of
care over time is essential (97). This will in turn improve the wellbeing
and survival of the people with multimorbidity in the study area.

Given the positive association between PA level and QoL, it is
desirable to determine and devise strategies to increase activation
status. The notion of patient activation is relatively new in the study
context and there is a need to experiment its effects in improving
outcomes of patients in the chronic care landscape and beyond.

Strength and limitations of the study

Our study has the advantage of involving a broad group of health
facilities and patients receiving chronic NCDs care. Guided by a
published study protocol, this longitudinal study provided strong
insight on the course and patterns of disease progression, the impact
of multimorbidity on important patient outcomes such as
hospitalization and mortality, and the level and predictors of QoL using
robust methodologies. Our ability to determine activation levels of
patients would encourage service providers to measure and intervene
with mechanisms to increase PA. However, the findings of this facility-
based study may not exactly represent the underlying epidemiology of
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multimorbidity and its impact in the general population. In addition,
although the sensitivity analysis does not show variations, the data
collected from a portion of patients by telephone interview might not
be an exact replica of the data obtained from face-to-face interviews.
However, adequacy of the sample size and parsimony of the methods
we employed would make our study robust.

Conclusion and recommendations

The likelihood of developing new NCDs and multimorbidity is
high. Multimorbidity is not only high in the study area, but also it
associated with worst patient outcomes, including hospitalization and
mortality, compared to those with single NCDs. This study revealed
that the highest proportion of individuals with multimorbidity had
poor QoL. On the other hand, patients having a higher level of PA
level were more likely to have better levels of QoL. If health systems in
LMICs are to meet the needs of the people with chronic conditions
and multimorbidity, it is essential to understand the long- term, life
course determinants of different multimorbidity trajectories, and to
help improve individual capacity and activation levels. Replicating the
evidence on the effect of patient activation on QoL and determining
outcomes and predictors of people living with chronic NCDs and
multimorbidity longitudinally is reccommended. It is also imperative
to replicate the methods that were employed to measure and analyze
QoL data in this study in order to facilitate comparison and further
development of the approaches.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by College of medicine and health sciences, Bahir Dar
University internal review board. Written informed consent for
participation was not required for this study in accordance with the

References

1. Skou ST, Mair FS, Fortin M, Guthrie B, Nunes BP, Miranda JJ, et al. Multimorbidity.
Nat Rev Dis Primers. (2022) 8:48. doi: 10.1038/s41572-022-00376-4

2. Iris Szu-Szu Ho AA-L, Akbari A, Davies ], Hodgins P, Khunti K, Kadam U, et al.
Variation in the estimated prevalence of multimorbidity: systematic review and meta-
analysis of 193 international studies. BMJ Open. (2022):e057017:12. doi: 10.1136/
bmjopen-2021-057017

3. Huaquia-Diaz AM, Chaldn-Davila TS, Carrillo-Larco RM, Bernabe-Ortiz A.
Multimorbidity in Latin America and the Caribbean: a systematic review and meta-
analysis. BM] Open. (2021) 11:€050409. doi: 10.1136/bmjopen-2021-050409

4. Asogwa OA, Boateng D, Marza-Florensa A, Peters S, Levitt N, Jv O, et al.
Multimorbidity of non-communicable diseases in low-income and middle income
countries: a systematic review and meta-analysis. BMJ Open. (2022) 12:e049133. doi:
10.1136/bmjopen-2021-049133

5. Eyowas FA, Schneider M, Alemu S, Pati S, Getahun FA. Magnitude, pattern and
correlates of multimorbidity among patients attending chronic outpatient medical care

Frontiers in Medicine

10.3389/fmed.2023.1085888

national legislation and the institutional requirements. All study
subjects provided verbal consent to participate in this study.

Author contributions

FE, FG, MS, and SA conceived and designed this study. FE, FG,
and MS participated in the data analysis and interpretation of the
findings. FE drafted the manuscript. FG and MS contributed in
revising the manuscript. MS undertook an English language check as
she is a native English speaker. All authors critically reviewed and
approved the final manuscript for submission.

Funding

This work was partially funded by Bahir Dar University with a
grant number: RCS/003/20.

Acknowledgments

The authors would like to thank data collectors, supervisors,
facilities leaders and study participants for their support in getting the
data required for the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

in Bahir Dar, Northwest Ethiopia: the application of latent class analysis model. PLoS
One. (2022) 17:€0267208. doi: 10.1371/journal.pone.0267208

6. Freisling H, Viallon V, Lennon H, Bagnardi V, Ricci C, Butterworth AS, et al.
Lifestyle factors and risk of multimorbidityof cancer and cardiometabolic diseases:
amultinational cohort study. BMC Med. (2020) 18:5. doi: 10.1186/s12916-019-1474-7

7. Mercer SW, Zhou Y, Humphris GM, McConnachie A, Bakhshi A, Bikker A, et al.
Multimorbidity and socioeconomic deprivation in primary care consultations. Ann Fam
Med. (2018) 16:127-31. doi: 10.1370/afm.2202

8. Salisbury C, Johnson L, Purdy S, Valderas JM, Montgomery AA. Epidemiology and
impact of multimorbidity in primary care: a retrospective cohort study. Br ] Gen Pract.
(2011) 61:e12-21. doi: 10.3399/bjgp11X548929

9. Roomaney RA, van Wyk B, Cois A, Pillay-van Wyk V. Inequity in the
distribution of non-communicable disease multimorbidity in adults in
South Africa: an analysis of prevalence and patterns. Int ] Public Health. (2022) 67.
doi: 10.3389/ijph.2022.1605072

frontiersin.org


https://doi.org/10.3389/fmed.2023.1085888
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41572-022-00376-4
https://doi.org/10.1136/bmjopen-2021-057017
https://doi.org/10.1136/bmjopen-2021-057017
https://doi.org/10.1136/bmjopen-2021-050409
https://doi.org/10.1136/bmjopen-2021-049133
https://doi.org/10.1371/journal.pone.0267208
https://doi.org/10.1186/s12916-019-1474-7
https://doi.org/10.1370/afm.2202
https://doi.org/10.3399/bjgp11X548929
https://doi.org/10.3389/ijph.2022.1605072

Eyowas et al.

10. Olaya B, Domenech-Abella J, Moneta MV, Lara E, Caballero FE, Rico-Uribe LA,
et al. All-cause mortality and multimorbidity in older adults: the role of social support
and loneliness. Exp Gerontol. (2017) 99:120-6. doi: 10.1016/j.exger.2017.10.001

11. Wei MY, Mukamal KJ. Multimorbidity, mortality, and long-term physical
functioning in 3 prospective cohorts of community-dwelling adults. Am ] Epidemiol.
(2018) 187:103-12. doi: 10.1093/aje/kwx198

12. Martin-Lesende I, Recalde E, Viviane-Wunderling P, Pinar T, Borghesi F, Aguirre
T, et al. Mortality in a cohort of complex patients with chronic illnesses and
multimorbidity: a descriptive longitudinal study. BMC Palliat Care. (2016) 15:42. doi:
10.1186/s12904-016-0111-x

13. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of
multimorbidity and implications for health care, research, and medical education: a
cross-sectional study. Lancet. (2012) 380:37-43. doi: 10.1016/S0140-6736(12)60240-2

14. Wijlhuizen GJ, Perenboom RJ, Garre FG, Heerkens YE van Meeteren N. Impact of
multimorbidity on functioning: evaluating the ICF Core set approach in an empirical study
of people with rheumatic diseases. J Rehabil Med. (2012) 44:664-8. doi: 10.2340/16501977-1002

15. Fortin M, Lapointe L, Hudon C, Vanasse A, Ntetu AL, Maltais D. Multimorbidity
and quality of life in primary care: a systematic review. Health Qual Life Outcomes.
(2004) 2:51. doi: 10.1186/1477-7525-2-51

16. Hunger M, Thorand B, Schunk M, Doring A, Menn P, Peters A, et al. Multimorbidity
and health-related quality oflife in the older population: results from the German KORA-age
study. Health Qual Life Outcomes. (2011) 9:53. doi: 10.1186/1477-7525-9-53

17. Jitta DJ, DeJongste MJ, Kliphuis CM, Staal MJ. Multimorbidity, the predominant
predictor of quality-of-life, following successful spinal cord stimulation for angina
pectoris. Neuromodulation: journal of the international neuromodulation. Society.
(2011) 14:13-9. doi: 10.1111/j.1525-1403.2010.00321.x

18. Picco L, Achilla E, Abdin E, Chong SA, Vaingankar JA, McCrone P, et al. Economic
burden of multimorbidity among older adults: impact on healthcare and societal costs.
BMC Health Serv Res. (2016) 16:173. doi: 10.1186/s12913-016-1421-7

19. Boyd CM, McNabney MK, Brandt N, Correa-de-Araujuo R, Daniel KM, Epplin J, et al.
Guiding principles for the care of older adults with multimorbidity: an approach for clinicians:
American Geriatrics Society expert panel on the Care of Older Adults with multimorbidity. /
Am Geriatr Soc. (2012) 60:E1-E25. doi: 10.1111/j.1532-5415.2012.04188.x

20. Tisminetzky M, Bayliss EA, Magaziner JS, Allore HG, Anzuoni K, Boyd CM, et al.
Research priorities to advance the health and health Care of Older Adults with multiple
chronic conditions. ] Am Geriatr Soc. (2017) 65:1549-53. doi: 10.1111/jgs.14943

21. Boehmer KR, Abu Dabrh AM, Gionfriddo MR, Erwin P, Montori VM. Does the
chronic care model meet the emerging needs of people living with multimorbidity? A
systematic review and thematic synthesis. PLoS One. (2018) 13:¢0190852. doi: 10.1371/
journal.pone.0190852

22. Liska ], Beal A. One patient is not one condition: delivering patient-centered care
to those with multiple chronic conditions. Ther Innov Regul Sci. (2017) 51:468-70. doi:
10.1177/2168479017705158

23.McCarthy C, Clyne B, Corrigan D, Boland F, Wallace E, Moriarty F, et al.
Supporting prescribing in older people with multimorbidity and significant
polypharmacy in primary care (SPPiRE): a cluster randomised controlled trial protocol
and pilot. Implement. Sci. (2017) 12:99. doi: 10.1186/s13012-017-0629-1

24. Salisbury C, Man MS, Bower P, Guthrie B, Chaplin K, Gaunt DM, et al.
Management of multimorbidity using a patient-centred care model: a pragmatic cluster-
randomised trial of the 3D approach. Lancet. (2018) 392:41-50. doi: 10.1016/
S0140-6736(18)31308-4

25.NICE. Multimorbidity: Clinical assessment and management: Multimorbidity:
Assessment, prioritisation and management of care for people with commonly occurring
multimorbidity. NICE Guideline NG56. United Kingdom: National Institute for Health
and Care Excellence (2016).

26. Mercer S, Salisbury C, Fortin M. ABC of multimorbidity first. United Kingdom:
John Wiley & Sons, Ltd. (2014).

27. Gauvin F-P, Wilson MG, Lavis N, Abelson J. Citizen brief: Improving care and
support for people with multiple chronic health conditions in Ontario. Hamilton, Canada:
McMaster Health Forum (2014).

28. Aiden H. Multimorbidity. A report for the Richmond Group of Charities:
Understanding the challenge (2018).

29. Salisbury C. Multimorbidity: redesigning health care for people who use it. Lancet.
(2012) 380:7-9. doi: 10.1016/S0140-6736(12)60482-6

30. Stokes J, Man MS, Guthrie B, Mercer SW, Salisbury C, Bower P. The foundations
framework for developing and reporting new models of Care for Multimorbidity. Ann
Fam Med. (2017) 15:570-7. doi: 10.1370/afm.2150

31. Swietek KE, Domino ME, Beadles C, Ellis AR, Farley JE Grove LR, et al. Do
medical homes improve quality of Care for Persons with multiple chronic conditions?
Health Serv Res. (2018) 53:4667-81. doi: 10.1111/1475-6773.13024

32. Bower P, Reeves D, Sutton M, Lovell K, Blakemore A, Hann M, et al. Improving
care for older people with long-term conditions and social care needs in Salford: the
CLASSIC mixed-methods study, including RCT. Health Serv. Deliv. Res. (2018) 6:1-188.
doi: 10.3310/hsdr06310

Frontiers in Medicine

10.3389/fmed.2023.1085888

33. Mercer SW, Fitzpatrick B, Guthrie B, Fenwick E, Grieve E, Lawson K, et al. The
CARE plus study - a whole-system intervention to improve quality of life of primary
care patients with multimorbidity in areas of high socioeconomic deprivation:
exploratory cluster randomised controlled trial and cost-utility analysis. BMC Med.
(2016) 14:88. doi: 10.1186/512916-016-0634-2

34. Blakemore A, Hann M, Howells K, Panagioti M, Sidaway M, Reeves D, et al.
Patient activation in older people with long-term conditions and multimorbidity:
correlates and change in a cohort study in the United Kingdom. BMC Health Serv Res.
(2016) 16:582. doi: 10.1186/s12913-016-1843-2

35. Hibbard JH, Greene J, Shi Y, Mittler J, Scanlon D. Taking the long view: how well
do patient activation scores predict outcomes four years later? Med Care Res Rev. (2015)
72:324-37. doi: 10.1177/1077558715573871

36. Richards SH, Dickens C, Anderson R, Richards DA, Taylor RS, Ukoumunne OC,
et al. Assessing the effectiveness of enhanced psychological care for patients with
depressive symptoms attending cardiac rehabilitation compared with treatment as usual
(CADENCE): a pilot cluster randomised controlled trial. Trials. (2018) 19:211. doi:
10.1186/s13063-018-2576-9

37. Magadi W, Lightfoot CJ, Memory KE, Santhakumaran S, van der Veer SN, Thomas
N, et al. Patient activation and its association with symptom burden and quality of life
across the spectrum of chronic kidney disease stages in England. BMC Nephrol. (2022)
23:45. doi: 10.1186/s12882-022-02679-w

38.Newland P, Lorenz R, Oliver BJ. Patient activation in adults with chronic
conditions: a systematic review. ] Health Psychol. (2021) 26:103-14. doi:
10.1177/1359105320947790

39. Remmers C, Hibbard J, Mosen DM, Wagenfield M, Hoye RE, Jones C. Is patient
activation associated with future health outcomes and healthcare utilization among
patients with diabetes? ] Ambulatory Care Manage. (2009) 32:320-7. doi: 10.1097/
JAC.0b013e3181ba6e77

40. WHO. Multimorbidity: Technical Series on Safer Primary Care. Geneva: WHO
(2016).

41. Heide 1, Snoeijs S, Melchiorre MG, Quattrini S, Boerma W, Schellevis F, et al.
Innovating care for people with multiple chronic conditions in Europe. (2015).

42. Eyowas FA, Schneider M, Yirdaw BA, Getahun FA. Multimorbidity of chronic
noncommunicable diseases and its models of care in low- and middle-income countries:
a scoping review protocol. BM] Open. (2019) 9:€033320. doi: 10.1136/
bmjopen-2019-033320

43. AMS. Advancing research to tackle multimorbidity: the UK and LMIC perspectives.
Premstitten: AMS (2018).

44. Cezard G, McHale CT, Sullivan F, Bowles JKF, Keenan K. Studying trajectories of
multimorbidity: a systematic scoping review of longitudinal approaches and evidence.
BM]J Open. (2021) 11:e048485. doi: 10.1136/bmjopen-2020-048485

45. Eyowas FA, Schneider M, Alemu S, Getahun FA. Multimorbidity of chronic
noncommunicable diseases: burden, care provision and outcomes over time among
patients attending chronic outpatient medical care in Bahir Dar, Ethiopia—a mixed
methods study protocol. BMJ-Open. (2021) 11:¢051107. doi: 10.1136/
bmjopen-2021-051107

46. Michael M, Dagnaw W, Yadeta D, Feleke Y, Fantaye A, Kebede T, et al. Ethiopian
National Guideline on Major NCDs. (2016).

47.0CHA. Manual Kobo Toolbox. Office for the Coordination of Humanitarian
Affairs (OCHA) in West and Central Africa. (2019). Available at: https://www.
kobotoolbox.org/.

48.Skevington SM, Lotfy M, O’Connell KA. The World Health Organization’s
WHOQOL-BREF quality of life assessment: psychometric properties and results of
the international field trial A report from the WHOQOL group. Qual Life Res.
(2004) 13:299-310. doi: 10.1023/B:QURE.0000018486.91360.00

49. Gonzalez-Chica DA, Hill CL, Gill TK, Hay P, Haag D, Stocks N. Individual diseases
or clustering of health conditions? Association between multiple chronic diseases and
health-related quality of life in adults. Health Qual Life Outcomes. (2017) 15:244. doi:
10.1186/512955-017-0806-6

50. Carlozzi NE, Kratz AL, Downing NR, Goodnight S, Miner ], Migliore N, et al.
Validity of the 12-item World Health Organization disability assessment schedule 2.0
(WHODAS 2.0) in individuals with Huntington disease (HD). Qual Life Res. (2015)
24:1963-71. doi: 10.1007/s11136-015-0930-x

51. Williams JS, Egede LE. The association between multimorbidity and quality of life,
health status and functional disability. Am J Med Sci. (2016) 352:45-52. doi: 10.1016/j.
amjms.2016.03.004

52. Ware JEJ, Kosinski MM, Keller SD. A 12-item short-form health survey:
construction of scales and preliminary tests of reliability and validity. Med Care. (1996)
34:220-33. doi: 10.1097/00005650-199603000-00003

53. Ohrnberger J, Anselmi L, Fichera E, Sutton M. Validation of the SF12 mental and
physical health measure for the population from a low-income country in sub-Saharan
Africa. Health Qual Life Outcomes. (2020) 18:78. doi: 10.1186/s12955-020-01323-1

54.Hagell P, Westergren A, Arestedt K. Beware of the origin of numbers: standard
scoring of the SF-12 and SF-36 summary measures distorts measurement and score
interpretations. Res Nurs Health. (2017) 40:378-86. doi: 10.1002/nur.21806

frontiersin.org


https://doi.org/10.3389/fmed.2023.1085888
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.exger.2017.10.001
https://doi.org/10.1093/aje/kwx198
https://doi.org/10.1186/s12904-016-0111-x
https://doi.org/10.1016/S0140-6736(12)60240-2
https://doi.org/10.2340/16501977-1002
https://doi.org/10.1186/1477-7525-2-51
https://doi.org/10.1186/1477-7525-9-53
https://doi.org/10.1111/j.1525-1403.2010.00321.x
https://doi.org/10.1186/s12913-016-1421-7
https://doi.org/10.1111/j.1532-5415.2012.04188.x
https://doi.org/10.1111/jgs.14943
https://doi.org/10.1371/journal.pone.0190852
https://doi.org/10.1371/journal.pone.0190852
https://doi.org/10.1177/2168479017705158
https://doi.org/10.1186/s13012-017-0629-1
https://doi.org/10.1016/S0140-6736(18)31308-4
https://doi.org/10.1016/S0140-6736(18)31308-4
https://doi.org/10.1016/S0140-6736(12)60482-6
https://doi.org/10.1370/afm.2150
https://doi.org/10.1111/1475-6773.13024
https://doi.org/10.3310/hsdr06310
https://doi.org/10.1186/s12916-016-0634-2
https://doi.org/10.1186/s12913-016-1843-2
https://doi.org/10.1177/1077558715573871
https://doi.org/10.1186/s13063-018-2576-9
https://doi.org/10.1186/s12882-022-02679-w
https://doi.org/10.1177/1359105320947790
https://doi.org/10.1097/JAC.0b013e3181ba6e77
https://doi.org/10.1097/JAC.0b013e3181ba6e77
https://doi.org/10.1136/bmjopen-2019-033320
https://doi.org/10.1136/bmjopen-2019-033320
https://doi.org/10.1136/bmjopen-2020-048485
https://doi.org/10.1136/bmjopen-2021-051107
https://doi.org/10.1136/bmjopen-2021-051107
https://www.kobotoolbox.org/
https://www.kobotoolbox.org/
https://doi.org/10.1023/B:QURE.0000018486.91360.00
https://doi.org/10.1186/s12955-017-0806-6
https://doi.org/10.1007/s11136-015-0930-x
https://doi.org/10.1016/j.amjms.2016.03.004
https://doi.org/10.1016/j.amjms.2016.03.004
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1186/s12955-020-01323-1
https://doi.org/10.1002/nur.21806

Eyowas et al.

55. McKenna SP, Heaney A. Composite outcome measurement in clinical research:
the triumph of illusion over reality? J Med Econ. (2020) 23:1196-204. doi:
10.1080/13696998.2020.1797755

56. Lawson KD, Mercer SW, Wyke S, Grieve E, Guthrie B, Watt GC, et al. Double
trouble: the impact of multimorbidity and deprivation on preference-weighted health
related quality of life a cross sectional analysis of the Scottish health survey. Int ] Equity
Health. (2013) 12:67. doi: 10.1186/1475-9276-12-67

57. Stubbs B, Vancampfort D, Veronese N, Kahl KG, Mitchell AJ, Lin PY, et al.
Depression and physical health multimorbidity: primary data and country-wide meta-
analysis of population data from 190 593 people across 43 low- and middle-income
countries. Psychol Med. (2017) 47:2107-17. doi: 10.1017/S0033291717000551

58. Lall R. The application of ordinal regression models in quality of life scales used in
gerontology. (2004).

59. Lall R, Campbell MJ, Walters SJ, Morgan K. A review of ordinal regression models
applied on health-related quality of life assessments. Stat. Methods Med. Res. (2002)
11:49-67. doi: 10.1191/0962280202sm271ra

60. Abreu MNS, Siqueira AL, Cardoso CS, Caiaffa WT. Ordinal logistic regression
models: application in quality of life studies. Cad Saiide Piiblica. (2008) 24:5581-91. doi:
10.1590/50102-311x2008001600010

61. Walters SJ, Campbell MJ, Lall R. Design and analysis of trials with quality of life as
an outcome: a practical guide. J Biopharm Stat. (2001) 11:155-76. doi: 10.1081/
BIP-100107655

62. Abebe F, Schneider M, Asrat B, Ambaw E. Multimorbidity of chronic non-
communicable diseases in low- and middle-income countries: A scoping review. J
Comorb. (2020) 10:2235042X2096191-13. doi: 10.1177/2235042X20961919

63.Fortin M, Haggerty ], Sanche S, Almirall J. Self-reported versus health
administrative data: implications for assessing chronic illness burden in populations. A
cross-sectional study. CMAJ Open. (2017) 5:E729-33. doi: 10.9778/cmajo.20170029

64. Byles JE, D'Este C, Parkinson L, O'Connell R, Treloar C. Single index of
multimorbidity did not predict multiple outcomes. J Clin Epidemiol. (2005) 58:997-1005.
doi: 10.1016/j.jclinepi.2005.02.025

65. Gelaye B, Williams MA, Lemma S, Deyessa N, Bahretibeb Y, Shibre T, et al.
Validity of the patient health Questionnaire-9 for depression screening and diagnosis in
East Africa. Psychiatry Res. (2013) 210:653-61. doi: 10.1016/j.psychres.2013.07.015

66. Ambaw F, Mayston R, Hanlon C, Alem A. Depression among patients with
tuberculosis: determinants, course and impact on pathways to care and treatment
outcomes in a primary care setting in southern Ethiopia—a study protocol. BMJ Open.
(2015) 5:e007653. doi: 10.1136/bmjopen-2015-007653

67. Hibbard JH, Stockard ], Mahoney ER, Tusler M. Development of the patient
activation measure (PAM): conceptualizing and measuring activation in patients and
consumers. Health Serv Res. (2004) 39:1005-26. doi: 10.1111/j.1475-6773.2004.00269.x

68. Schmaderer M, Pozehl B, Hertzog M, Zimmerman L. Psychometric properties of
the patient activation measure in multimorbid hospitalized patients. ] Nurs Meas. (2015)
23:128-41. doi: 10.1891/1061-3749.23.3.E128

69. Mosen DM, Schmittdiel J, Hibbard J, Sobel D, Remmers C, Bellows J. Is patient
activation associated with outcomes of Care for Adults with Chronic Conditions? J
Ambul Care Manage. (2007) 30:21-9. doi: 10.1097/00004479-200701000-00005

70. Hibbard JH, Mahoney ER, Stockard ], Tusler M. Development and testing of a
short form of the patient activation measure. Health Serv Res. (2005) 40:1918-30. doi:
10.1111/j.1475-6773.2005.00438.x

71.Skolasky RL, Green AF, Scharfstein D, Boult C, Reider L, Wegener ST.
Psychometric properties of the patient activation measure among multimorbid older
adults. Health Serv Res. (2011) 46:457-78. doi: 10.1111/.1475-6773.2010.01210.x

72. Madans JH, Webster KM. Health status: International encyclopedia of the Social
and Behavioral Sciences. 2nd ed (2015).

73. Preisser JS, Phillips C, Perin J, Schwartz TA. Partial proportional odds models for
longitudinal ordinal data. Amsterdam, Netherlands: Elsevier (2010).

74. Liddell TM, Kruschke JK. Analyzing ordinal data with metric models: what could
possibly go wrong? J Exp Soc Psychol. (2018) 79:328-48. doi: 10.1016/j.jesp.2018.08.009

75. Williams R. Understanding and interpreting generalized ordered logit models. J
Math Sociol. (2016) 40:7-20. doi: 10.1080/0022250X.2015.1112384

76. Peterson B, Frank E, Harrell J. Partial proportional odds models for ordinal
response variables. ] R Stat Soc. (1990) 39:205-17. doi: 10.2307/2347760

77. Williams R. Generalized ordered logit/partial proportional odds models for
ordinal dependent variables. Stata J. (2006) 6:58-82. doi: 10.1177/1536867X0600600104

Frontiers in Medicine

95

10.3389/fmed.2023.1085888

78. Birkner PC, Vuorre M. Ordinal regression models in psychology: a tutorial. Adv
Methods Pract Psychol Sci. (2019) 2019:1-25. doi: 10.1177/2515245918823199

79. Torres-Reyna O. Panel data analysis fixed and random effects using Stata. (2007).

80.Xu D, Lee SH, Xu H. Introduction to panel data analysis. Cambridge, MA:
Academic Publishers (2007).

81.Hibbard JH. Patient activation and the use of information to support
informed health decisions. Patient Educ Couns. (2017) 100:5-7. doi: 10.1016/j.
pec.2016.07.006

82. Odland ML, Ismail S, Sepanlou SG, Poustchi H, Sadjadi A, Pourshams A, et al.
Multimorbidity and associations with clinical outcomes in a middle- aged population
in Iran: a longitudinal cohort study. BMJ Glob Health. (2022) 7:e007278. doi: 10.1136/
bmjgh—ZOZ 1-007278

83. Shang X, Peng W, Hill E, Szoeke C, Heand M, Zhang L. Incidence, progression,
and patterns of multimorbidity in community dwelling middle-aged men and women.
Front Public Health. (2020) 8:404. doi: 10.3389/fpubh.2020.00404

84.Garin N, Olaya B, Moneta MV, Miret M, Lobo A, Ayuso-Mateos JL, et al.
Impact of multimorbidity on disability and quality of life in the Spanish older
population. PLoS One. (2014) 9:e111498. doi: 10.1371/journal.pone.0111498

85. Rijken M, Hujala A, Ev G, Melchiorre MG, Groenewegen P, Schellevis F. Managing
multimorbidity: profiles of integrated care approaches targeting people with multiple
chronic conditions in EuropeZ. Health Policy. (2018) 122:44-52. doi: 10.1016/j.
healthpol.2017.10.002

86.Nunes BP, Soares MU, Wachs LS, Volz PM, Saes MO, Duro SMS, et al.
Hospitalization in older adults: association with multimorbidity, primary health care
and private health plan. Rev Saude Publica. (2017) 51:43. doi: 10.1590/
51518-8787.2017051006646

87. Wang XX, Chen ZB, Chen XJ, Huang LL, Song XY, Wu X, et al. Functional status
and annual hospitalization in multimorbid and non-multimorbid older adults: a cross-
sectional study in southern China. Health Qual Life Outcomes. (2018) 16:33. doi:
10.1186/512955-018-0864-4

88. Chung RY, Mercer SW, Yip BH, Chan SW, Lai FT, Wang HH, et al. The association
between types of regular primary care and hospitalization among people with and
without multimorbidity: A household survey on 25,780 Chinese. Sci Rep. (2016)
6:29758. doi: 10.1038/srep29758

89. Wade AN, Payne CF, Berkman L, Chang A, Olivé XG, Kabudula C, et al.
Multimorbidity and mortality in an older, rural black south African population cohort
with high prevalence of HIV findings from the HAALSI study. BMJ Open. (2021)
11:¢047777. doi: 10.1136/bmjopen-2020-047777

90. Kabir A, Ansari S, Conway DP, Barr M. Impact of multimorbidity and complex
multimorbidity on mortality among older Australians aged 45 years and over: a large
population- based record linkage study. BMJ Open. (2022) 12:e060001. doi: 10.1136/
bmjopen-2021-060001

91.He K, Zhang W, Hu X, Zhao H, Guo B, Shi Z, et al. Relationship between
multimorbidity, disease cluster and all-cause mortality among older adults: a
retrospective cohort analysis. BMC Public Health. (2021) 21:1080. doi: 10.1186/
512889-021-11108-w

92. Zimbudzi E, Lo C, Ranasinha S, Fulcher GR, Jan S, Kerr PG, et al. Factors
associated with patient activation in an Australian population with comorbid diabetes
and chronic kidney disease: a cross-sectional study. BMJ Open. (2017) 7:¢017695. doi:
10.1136/bmjopen-2017-017695

93. Kenning C, Coventry PA, Gibbons C, Bee P, Fisher L, Bower P. Does patient
experience of multimorbidity predict self-management and health outcomes in a
prospective study in primary care? Fam Pract. (2015) 32:311-6. doi: 10.1093/fampra/
cmv002

94. Schmaderer MS, Zimmerman L, Hertzog M, Pozehl B, Paulman A. Correlates of
patient activation and acute care utilization among multimorbid patients. West ] Nurs
Res. (2016) 38:1335-53. doi: 10.1177/0193945916651264

95. Magnezi R, Glasser S, Shalev H, Sheiber A, Reuveni H. Patient activation,
depression and quality of life. Patient Educ Couns. (2014) 94:432-7. doi: 10.1016/j.
pec.2013.10.015

96. Smith SM, Wallace E, Salisbury C, Sasseville M, Bayliss E, Fortin M. A Core
outcome set for multimorbidity research (COSmm). Ann Fam Med. (2018) 16:132-8.
doi: 10.1370/afm.2178

97. Valderas JM, Gangannagaripalli ], Nolte E, Boyd CM, Roland M, Sarria-Santamera
A, et al. Quality of care assessment for people with multimorbidity, scoping review
(2019) 285:289-300. doi: 10.1111/joim.12881,

frontiersin.org


https://doi.org/10.3389/fmed.2023.1085888
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1080/13696998.2020.1797755
https://doi.org/10.1186/1475-9276-12-67
https://doi.org/10.1017/S0033291717000551
https://doi.org/10.1191/0962280202sm271ra
https://doi.org/10.1590/s0102-311x2008001600010
https://doi.org/10.1081/BIP-100107655
https://doi.org/10.1081/BIP-100107655
https://doi.org/10.1177/2235042X20961919
https://doi.org/10.9778/cmajo.20170029
https://doi.org/10.1016/j.jclinepi.2005.02.025
https://doi.org/10.1016/j.psychres.2013.07.015
https://doi.org/10.1136/bmjopen-2015-007653
https://doi.org/10.1111/j.1475-6773.2004.00269.x
https://doi.org/10.1891/1061-3749.23.3.E128
https://doi.org/10.1097/00004479-200701000-00005
https://doi.org/10.1111/j.1475-6773.2005.00438.x
https://doi.org/10.1111/j.1475-6773.2010.01210.x
https://doi.org/10.1016/j.jesp.2018.08.009
https://doi.org/10.1080/0022250X.2015.1112384
https://doi.org/10.2307/2347760
https://doi.org/10.1177/1536867X0600600104
https://doi.org/10.1177/2515245918823199
https://doi.org/10.1016/j.pec.2016.07.006
https://doi.org/10.1016/j.pec.2016.07.006
https://doi.org/10.1136/bmjgh-2021-007278
https://doi.org/10.1136/bmjgh-2021-007278
https://doi.org/10.3389/fpubh.2020.00404
https://doi.org/10.1371/journal.pone.0111498
https://doi.org/10.1016/j.healthpol.2017.10.002
https://doi.org/10.1016/j.healthpol.2017.10.002
https://doi.org/10.1590/s1518-8787.2017051006646
https://doi.org/10.1590/s1518-8787.2017051006646
https://doi.org/10.1186/s12955-018-0864-4
https://doi.org/10.1038/srep29758
https://doi.org/10.1136/bmjopen-2020-047777
https://doi.org/10.1136/bmjopen-2021-060001
https://doi.org/10.1136/bmjopen-2021-060001
https://doi.org/10.1186/s12889-021-11108-w
https://doi.org/10.1186/s12889-021-11108-w
https://doi.org/10.1136/bmjopen-2017-017695
https://doi.org/10.1093/fampra/cmv002
https://doi.org/10.1093/fampra/cmv002
https://doi.org/10.1177/0193945916651264
https://doi.org/10.1016/j.pec.2013.10.015
https://doi.org/10.1016/j.pec.2013.10.015
https://doi.org/10.1370/afm.2178
https://doi.org/10.1111/joim.12881

& frontiers | Frontiers in Medicine

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Redhwan Ahmed Al-Naggar,
National University of Malaysia, Malaysia

REVIEWED BY

Nicholas Schiltz,

Case Western Reserve University, United States
Svetlana Puzhko,

Bielefeld University, Germany

*CORRESPONDENCE
Tiara Marthias
tiara.marthias@unimelb.edu.au

RECEIVED 25 January 2023
ACCEPTED 25 April 2023
PUBLISHED 17 May 2023

CITATION

Lee JT, Ishida M, Haregu T, Pati S, Zhao Y,
Palladino R, Anindya K, Atun R, Oldenburg B
and Marthias T (2023) Functional limitation as a
mediator of the relationship between
multimorbidity on health-related quality of life
in Australia: evidence from a national panel
mediation analysis. Front. Med. 10:1151310.
doi: 10.3389/fmed.2023.1151310

COPYRIGHT

© 2023 Lee, Ishida, Haregu, Pati, Zhao,
Palladino, Anindya, Atun, Oldenburg and
Marthias. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiersin Medicine

TvpE Original Research
PUBLISHED 17 May 2023
Dol 10.3389/fmed.2023.1151310

Functional limitation as a
mediator of the relationship
between multimorbidity on
health-related quality of life in
Australia: evidence from a
national panel mediation analysis

John Tayu Lee'??, Marie Ishida*, Tilahun Haregu*,
Sanghamitra Pati®>, Yang Zhao*¢, Raffaele Palladino’’?%,
Kanya Anindya®, Rifat Atun?*°, Brian Oldenburg***? and
Tiara Marthias>***

!Department of Primary Care and Public Health, Imperial College London, London, United Kingdom,
2Department of Global Health and Population, Harvard T.H. Chan School of Public Health, Boston, MA,
United States, *College of Health and Medicine, Australian National University, Canberra, ACT, Australia,
“Nossal Institute for Global Health, Melbourne School of Population and Global Health, The University of
Melbourne, Parkville, VIC, Australia, °lCMR Regional Medical Research Centre, Bhubaneswar,

QOdisha, India, °The George Institute for Global Health China, Beijing, China, ’Department of Public
Health, University “Federico II” of Naples, Naples, Italy, éInterdepartmental Center for Research in
Healthcare Management and Innovation in Healthcare (CIRMIS), University "Federico II” of Naples,
Naples, Italy, °School of Public Health and Community Medicine, Institution of Medicine, Sahlgrenska
Academy, University of Gothenburg, Gothenburg, Sweden, °Countway Library, Harvard Medical School,
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Objective: The inverse relationships between chronic disease multimorbidity and
health-related quality of life (HRQoL) have been well-documented in the literature.
However, the mechanism underlying this relationship remains largely unknown.
This is the first study to look into the potential role of functional limitation as a
mediator in the relationship between multimorbidity and HRQoL.

Methods: This study utilized three recent waves of nationally representative
longitudinal Household, Income, and Labor Dynamics in Australia (HILDA) surveys
from 2009 to 2017 (n = 6,814). A panel mediation analysis was performed to
assess the role of functional limitation as a mediator in the relationship between
multimorbidity and HRQoL. The natural direct effect (NDE), indirect effect (NIE),
marginal total effect (MTE), and percentage mediated were used to calculate the
levels of the mediation effect.

Results: This study found that functional limitation is a significant mediator in
the relationship between multimorbidity and HRQoL. In the logistic regression
analysis, the negative impact of multimorbidity on HRQoL was reduced after
functional limitation was included in the regression model. In the panel
mediation analysis, our results suggested that functional limitation mediated
~27.2% (p < 0.05) of the link between multimorbidity and the composite SF-36
score for HRQoL. Functional limitation also mediated the relationship between
the number of chronic conditions and HRQoL for each of the eight SF-36
dimensions, with a proportion mediated ranging from 18.4 to 28.8% (p < 0.05).
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Conclusion: Functional status has a significant impact on HRQoL in multimorbid
patients. Treatment should concentrate on interventions that improve patients’
functioning and mitigate the negative effects of multimorbidity.

chronic disease, multimorbidity, mediation, functional limitation, comorbidity

Introduction

Australians are living longer lives than ever before, but many
are dealing with multiple chronic diseases, resulting in a low health-
related quality of life (1-3). With an aging population and increased
risk factor exposure, the prevalence of multimorbidity, defined as
the coexistence of two or more long-term conditions, is expected to
rise further in Australia (4-7). Recent national studies in Australia
found that the prevalence of non-communicable diseases (NCDs)
was ~ 25% for those aged 50-54, and this percentage increased
to 50% for those aged 70 and above, based on only 12 self-
reported NCDs (8, 9). It is also worth noting that multimorbidity
is highly socioeconomically patterned in Australia, as it is in many
other high-income countries, with lower socioeconomic groups or
aboriginal groups having a higher prevalence of multimorbidity
(10). Multimorbidity imposes heavy costs on the patients, their
families, the healthcare system, and society as a whole (11-14).

Health-related quality of life (HRQoL) is an important health
outcome metric that assesses an individual’s subjective physical
and mental health. HRQoL, according to the WHO definition, is
frequently multifaceted, encompassing both physical and mental
health, and represents individuals’ wellbeing in the context of
their culture and values (15, 16). HRQoL is frequently assessed
in clinical settings and health surveys to track patient wellbeing
and progress toward national health goals (17-20). Poor HRQoL
is associated with increased healthcare utilization, suboptimal
treatment outcomes, and an increased risk of death (19, 21, 22).

Several studies, including high-level systematic reviews, have
suggested that multimorbidity reduces HRQoL (23-25). A number
of long-term health conditions were found to have a negative
impact on HRQoL after controlling for confounding variables (23,
25). Numerous studies have discovered a link between functional
limitation and poor HRQoL, with the risk of poor HRQoL
increasing as functional limitation increases (26-28). However, it
is unclear how much adjusting for functional limitation modifies
or reduces the relationship between multimorbidity and HRQoL.
Multimorbidity appears to be independently associated with poor
HRQoL in the majority of studies reported to date, even after
adjusting for functional limitation, though the magnitude of the
association appears to be less significant when functional limitation
is included in the models (23, 24, 28, 29). Similarly, multimorbidity
does not fully explain the link between functional limitation and
poor HRQoL.

Until now, the complex relationship between multimorbidity,
functional function, and HRQoL has received insufficient attention.
A mediation analysis is a statistical model that looks at the
relationships between two variables and how much they are
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mediated by a third variable (e.g., the mediator). In the current
epidemiological and public health literature, this methodology is
widely used to assess the mechanism by which disease affects
health outcomes. To address this important evidence gap in the
literature, this is the first longitudinal study to investigate the role of
functional limitation in the influence of multimorbidity on HRQoL
using three waves of nationally representative data in Australia.
This study looks specifically at the role of functional limitation as a
mediator in the relationship between multimorbidity and HRQoL
in a population-based sample of Australian adults.

Methods

Sample and data

This study utilized three waves of longitudinal data from Waves
9 (2009), 13 (2013), and 17 (2017) of the Household, Income,
and Labor Dynamics in Australia (HILDA) survey. The HILDA
survey is a nationally representative, household-based panel study
that collects information on the health, wellbeing, socioeconomics,
and labor market dynamics of Australian residents over the course
of their lives. Commenced in 2001, data were collected annually
through interviews with individuals aged 15 years and above from
the selected households. Wave 1 (2001) data were collected from
13,969 individuals, and a sample top-up of 4,009 individuals was
added in wave 11 (2011). A detailed description of the survey
objectives and methods is provided elsewhere (30). In this study,
respondents who participated in all three waves (Waves 9, 13, and
17) are included in the sample and dropped those with any missing
data on covariates, leaving 6,814 respondents.

HRQoL (outcome variable)

HILDA survey contains 36-item short questionnaires deriving
from SE-36 Health Survey, which is a widely used instrument for
assessing HRQoL. SF-36 includes eight dimensions of scale scores
ranging from 0 to 100 (a higher score indicates better health) that
measure physical and mental health: physical functioning (PF), role
physical (RF), bodily pain (BP), general health (GH), vitality (VT),
social functioning (SF), role emotional (RE), and mental health
(MH). The overall health status of the individual was based on
the overall SF-6D score, which is derived from the SF-36. Finally,
these scores were converted to binary variables with a threshold
of 25th percentile as 1 indicating poor health and 0 indicating
better health.
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TABLE 1 Sample characteristics from wave 17 (year 2017).

Number of
individual
respondents (%)
Total 6,814 (100)
Gender Male 3,168 (46.5)
Female 3,646 (53.5)
Age group 15-29 786 (11.5)
30-49 2,337 (34.3)
50-59 1,442 (21.2)
60+ 2,249 (33.0)
Marital status Married/defacto 4,901 (71.9)
Not married 1,913 (28.1)
Indigenous status Non-Indigenous 6,708 (98.4)
Indigenous 106 (1.6)
State New South Wales 1,912 (28.1)
Victoria 1,679 (24.6)
Queensland 1,524 (22.4)
South Australia 600 (8.8)
Western Australia 672 (9.9)
Tasmania 214 (3.1)
Northern Territory 56 (0.8)
Australian Capital 157 (2.3)
Territory
Locality Urban 5,831 (85.6)
Rural 983 (14.4)
SEIFA Highest 1,535 (22.5)
Second highest 1,464 (21.5)
Middle 1,352 (19.8)
Second lowest 1,321 (19.4)
Lowest 1,147 (16.8)
Number of chronic diseases None 3,760 (55.2)
1 1,747 (25.6)
2 814 (12.0)
3+ 493 (7.2)
Functional limitation No 5,405 (79.3)
Yes 1,409 (20.7)

Multimorbidity (exposure variable)

The physical conditions included in HILDA were as
follows:  arthritis/osteoporosis,  asthma, cancer, chronic
bronchitis/emphysema, type 1 diabetes, type 2 diabetes, heart
disease, high blood pressure/hypertension, and any other serious
circulatory condition, depression/anxiety, and “other mental
illnesses.” Respondents who answered affirmatively to the question
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“Have you been told by a doctor or nurse that you have any of these
conditions?” were defined as reporting a health condition. We
counted the number of self-reported health conditions to quantify
the number of physical conditions (0, 1, 2, 3, 4, etc).

Functional limitation (mediator)

The HILDA survey questionnaire inquired about respondents’
functional limitations. Respondents were classified as having
functional limitations if they answered yes to the following
question: “Do you have any long-term condition, impairment or
disability that restricts you in your everyday activities, and has
lasted or is likely to last, for 6 months or more?.”

Covariates

The covariates of this study are as follows: sex (men and
women), age group (18-29, 30-39, and 40-49), marital status
(married/cohabitating and single/separated/divorced/widowed),
geographical region of Australia by state (New South Wales,
South Australia,
Tasmania, Northern Territory, and Australian Capital Territory),

Victoria, Queensland, Western Australia,
and locality (urban and rural). Socioeconomic status was obtained
using the quintile of Socio-Economic Indexes for Areas (SEIFA)
relative to socioeconomic advantage/disadvantage (SEIFA = I:
lowest SES group; SEIFA = 5: highest SES group).

Statistical analysis

We adopted a panel mediation study design to explore the
role of functional limitations (2013) on the relationships between
multimorbidity and HRQoL using three waves of panel datasets.
We performed the analysis following the steps suggested by
Baron and Kenny, which consists of a series of panel data
regression analyses (31). We examined the relationship between
multimorbidity and HRQoL measures; the association between
functional limitation and multimorbidity; and the association
between HRQoL and multimorbidity and functional limitation.
Based on the results, we identified the set of associations that
meet the mediation criteria: (1) The multimorbidity is significantly
associated with the functional limitation; (2) multimorbidity is
significantly associated with HRQoL; (3) functional limitation is
significantly associated with the HRQoL; and (4) the association
between the multimorbidity and HRQoL is attenuated when the
mediator is included in the model. To confirm the mediation
effect, separate mediation models using the Stata paramed program
(32) were adopted for each selected HRQoL measure, including
each dimension of SF-36. The paramed command performs causal
mediation analysis using parametric regression models and is
based on a counterfactual approach. We further reported the
estimated natural direct effect (DE), natural indirect effect (IE),
and marginal total effect (TE) on the odds ratio scale. Percent
mediation was estimated as the ratio of natural logarithms of
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TABLE 2 Sample characteristics against outcome variables from wave 17.

Prevalence of

Mean number of

NCDs Disability (%)
Total 0.74 20.70 24.76
Gender Male 0.72 21.60 2235
Female 0.77 19.90 26.84
Age group 15-29 0.16 8.14 19.85
30-49 0.31 11.71 20.78
50-59 0.70 17.82 2393
60+ 1.44 36.15 31.13
Marital status Married/defacto 0.71 19.10 21.06
Not married 0.85 24.80 34.20
Indigenous status Non-Indigenous 0.75 20.62 24.54
Indigenous 0.73 24.53 38.68
State New South Wales 0.78 21.53 23.93
Victoria 0.69 17.69 25.13
Queensland 0.75 21.11 25.18
South Australia 0.87 23.96 26.79
Western Australia 0.74 21.84 23.48
Tasmania 0.87 26.17 30.84
Northern territory 0.38 14.29 10.71
Australian capital territory 0.55 14.65 21.02
Locality Urban 0.74 20.10 25.11
Rural 0.78 24.00 22.66
SEIFA Highest 0.56 14.14 18.24
Second highest 0.65 17.35 19.81
Middle 0.74 20.71 25.00
Second lowest 0.84 21.65 28.77
Lowest 1.03 32.43 34.87

the difference between TE and DE divided by TE. Furthermore,
we examined the mediation effect of functional limitation across
different dimensions of HRQoL outcomes by performing the same
analysis on each HRQoL component. All estimates from mediation
analysis were bootstrapped with 500 replications to obtain bias-
corrected 95%CI.

All statistical analyses were performed using Stata 15 Corp.
The panel data mediation analysis was conducted using the Stata
paramed program, and a significance was set at 0.05. All statistical
models were adjusted for the covariates mentioned above.

Results

Table 1 presents the sample characteristics of this study. Of
6,814 participants, 53.5% were women, 71.9 were married/de facto,
and 85.6% were residing in urban areas. In total, 55.2% reported not
having any NCD, while 7.2% reported having three or more NCDs
and 20.7% of the sample reported disability.
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The participants characteristics against key indicators are
presented in Table 2. The mean number of NCDs was 0.74 for
the overall sample. The number of NCDs and the prevalence of
functional limitation were higher among the older age group and
those with lower socioeconomic status. Finally, the proportion of
low HRQoL showed a similar trend with functional limitation.
The prevalence of low HRQoL was 24.8% among the overall
sample. It was higher among people from the lower socioeconomic
area (34.9%). However, women showed a higher prevalence of
low HRQoL (26.8%), while men showed a higher prevalence of
disability (21.6%).

Table 3 shows the descriptive statistics of the HRQoL outcomes
(overall HRQoL as well as the eight individual dimensions). The
table also showed the univariate relationship among the number of
NCDs, functional limitation, and HRQoL outcomes. The analysis
found that having a higher number of NCDs was linked to poorer
HRQoL outcomes, as demonstrated by the lower scores on the
SE-6D (OR = 1.74, p < 0.05) and physical functioning (OR = 2.11,
p < 0.05) scales. Additionally, the second equation revealed a
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TABLE 3 Mediation analysis using the method by Baron and Kenny.

10.3389/fmed.2023.1151310

Equation 1 Equation 2 Equation 3 (include both number of NCDs and
functional limitation in the regression model)
Number of NCDs Number of NCDs Number of NCDs Functional limitation

Overall poor HRQoL 1.74 <0.001 1.52 <0.001 3.70 <0.001

By component of HRQoL

Physical functioning 2.11 <0.001 1.84 <0.001 4.51 <0.001

Role physical 1.74 <0.001 1.51 <0.001 3.85 <0.001
Bodily pain 1.74 <0.001 1.52 <0.001 3.93 <0.001
General health 2.08 <0.001 1.86 <0.001 3.36 <0.001
Vitality 1.64 <0.001 1.47 <0.001 2.75 <0.001
Social function 1.69 <0.001 1.48 <0.001 3.29 <0.001

Role emotion 1.53 <0.001 1.38 <0.001 2.41 <0.001
Mental health 1.45 <0.001 1.32 <0.001 2.25 <0.001
Functional limitation 1.94 <0.001

TABLE 4 Results from panel mediation analysis.

Direct effect

OR (95% Cl)

p-value

Indirect effect

OR (95% Cl)

% mediated
by disability

Total effect

p-value OR (95% CI) p-value

Overall HRQoL 1.52 (1.42, 1.65) <0.01 1.17 (1.14, 1.21) <0.01 1.78 (1.65, 1.92) <0.01 274
By components of HRQoL

Physical functioning 1.84 (1.71, 2.00) <0.01 1.21(1.17, 1.25) <0.01 2.22(2.03,2.41) <0.01 235
Role physical 1.51 (1.40, 1.63) <0.01 1.18 (1.15,1.22) <0.01 1.78 (1.65, 1.93) <0.01 28.5
Bodily pain 1.52 (1.41, 1.62) <0.01 1.18 (1.15,1.22) <0.01 1.80 (1.67, 1.94) <0.01 28.8
General health 1.86 (1.72,2.01) <0.01 1.15(1.13,1.19) <0.01 2.14(1.97,2.33) <0.01 18.4
Vitality 1.47 (1.36, 1.58) <0.01 1.12 (1.10, 1.15) <0.01 1.65 (1.53, 1.78) <0.01 23.1
Social function 1.48 (1.37, 1.60) <0.01 1.15(1.12, 1.19) <0.01 1.71 (1.59, 1.84) <0.01 26.9
Role emotion 1.38 (1.29, 1.49) <0.01 1.10 (1.08, 1.13) <0.01 1.52(1.42, 1.64) <0.01 23.1
Mental health 1.32(1.24, 1.43) <0.01 1.09 (1.07, 1.12) <0.01 1.44 (1.35, 1.55) <0.01 239

significant correlation between the number of NCDs and functional
limitation (OR: 1.94, p < 0.05). The third equation, which included
both HRQoL measures and functional limitation in the model,
revealed that the number of NCDs and functional limitation were
both significantly associated with poor HRQoL outcomes. It is
important to note that when functional limitation is included in
the model, the magnitude of the effect between multimorbidity and
HRQoL decreases in all measures, indicating that the impact of the
number of NCDs on HRQoL outcomes was partially mediated by
functional limitation.

Overall SF-6D score

Table 4 and Figure 1 show DE, IE, and TE of functional
limitation on the overall SF-6D score and each dimension
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of SF-36. The number of NCDs was associated with lower
overall HRQoL scores (ORTE:1.78, 95%CIL: 1.65-1.92), with
27.2% mediated by functional limitation. The decomposition
of total effects indicated NDE
(ORPE: 152, 95%CL: 1.17,
95%CI: 1.14-1.21).

statistically
1.42-1.65)

significant

and IE (ORE:

Each HRQoL dimensions

We also investigated the role of functional limitation in each
dimension of the SF-36 separately. The most significant result
was observed for physical functioning (ORE: 2.22, 95%CI: 2.03-
2.41) and general health (ORTE: 2.14, 95%CI: 1.97, 2.33), the
associations of which were 23.9 and 18.4%, respectively, mediated
by functional limitation. Functional limitation showed the largest
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FIGURE 1
Direct, indirect, and total effect of multimorbidity on HRQoL.

mediation effect of the association between the number of NCDs
and role physical (28.7%). Consistent results were found in other
SF-36 domains (body pain: 28.2%, vitality: 22.6%, social function:
26.1%, role emotion: 22.8%, mental health: 23.6%).

Discussion

Principal findings and interpretation

This is the first study that uses a panel data study design
to investigate the role of functional limitation as a mediator in
the relationship between multimorbidity and health-related quality
of life in Australia. We found clear evidence that functional
limitation acts as a partial mediator on the relationships between
multimorbidity and the overall HRQoL score as well as each SF-6D
dimension, with the percentage of mediation ranging from 18
to 28%.

The possible explanation is that disabled older adults or those
with greater functional limitations have a negative impact on their
self-care ability, physiological activities, and social interaction, all
of which have a negative impact on their physical and mental
health, reducing HRQoL. Multimorbidity, functional limitation,
and disability all have a negative impact on HRQoL outcomes
(26, 28, 33, 34). Although it is widely assumed that multimorbidity
is associated with poorer HRQoL, the mechanisms through which
multimorbidity negatively affects HRQoL through functional
limitation or disability have not been thoroughly investigated. Our
findings show that functional limitation plays a role in mediating
the relationship between multimorbidity and HRQoL.

Frontiersin Medicine

Clinical implications

Multimorbidity has been found to have a negative impact on the
health-related quality of life of patients, partly due to its association
with functional decline. Therefore, managing functional limitations
effectively could help maintain the HRQoL of patients with
multimorbidity. This implies a need for a more comprehensive
approach to managing both conditions and recognizing their equal
importance, which could ultimately improve the overall wellbeing
of patients. In clinical practice, a thorough assessment of the various
types of functional limitations in patients with multimorbidity
could help guide appropriate preventive and supportive care, not
only to maintain HRQoL but also to prevent further decline in
function dependence.

Limitations

This study has several limitations, including the use of self-
reported measures which may be subject to recall and social
desirability bias. Although a well-validated questionnaire was used
to measure HRQoL, subjective measures may not fully capture the
objective reality of patients’ health status. Additionally, the study
is not causal and only identified associations between variables.
Although panel data was used, unobserved confounding variables
cannot be completely ruled out. Notably, important clinical factors
such as disease severity and duration of the illness were not
included in the study, which could have affected the relationship
between multimorbidity and HRQoL.

Furthermore, the mechanisms underlying the relationship
between multimorbidity and HRQoL are complex and may
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involve multiple mediators. While the current study focused
on function limitation as a mediator, other mediators such as
psychological distress or social isolation may also play vital roles.
Further research utilizing more comprehensive measures and
sophisticated statistical techniques, such as structural equation
modeling, may offer more insights into the mechanisms underlying
the relationship between multimorbidity and HRQoL.

Conclusion

This study contributes to the existing literature to understand
the mediating effect of functional limitation and disability
on the relationships between multimorbidity and HRQoL.
Our study highlights the importance of improving patients
functional ability and preventing disability for patients with
multimorbidity to improve their HRQoL. Therefore, healthcare
that improves the management of patients with multimorbidity
should include interventions that aim to encourage patients to
participate in physical activity and increase social participation.
Given the important mediating role, our study highlights that
functional limitation or disability might be considered an
intermediate outcome for evaluating interventions aimed at
managing multimorbidity.

Data availability statement

The study utilized HILDA survey in Australia, which can be
apply for access to the dataset through the following link: https://
melbourneinstitute.unimelb.edu.au/hilda.
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Appendix
HILDA

Wave 9 N=13,294

Wave 13 N=17,490

Wave 17 N=17,557
Removed samples with missing
data on any covariates
Wave 9 N=2,673
Wave 13 N=3,033
Wave 17 N=2,548

Wave 9 N=10,621

Wave 13 N=14,457

Wave 17 N=15,009 Removed samples who did not
participate any of 3 waves
Wave 9 N=3,807
Wave 13 N=7,643
Wave 17 N=8,195

Final sample
Panel data of 6,814 individuals
(N= 6,814 each wave)
FIGURE A1
Sample flowchart.
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Obijective: Complications associated with hypertension can be alleviated by
providing necessary medical services. However, there may be disparities in their
provision depending on regional di erences. Thus, this study aimed to examine
the e ects of regional healthcare disparities on complications in patients with
hypertension in South Korea.

Methods: Data from the National Health Insurance Service National Sample Cohort
(2004—2019) were analyzed. The position value for the relative composite index
was used to identify medically vulnerable regions. The diagnosis of hypertension
within the region was also considered. The risk of complications associated with
hypertension included cardiovascular, cerebrovascular, and kidney diseases. Cox
proportional hazards models were used for statistical analysis.

Results: A total of 246,490 patients were included in this study. Patients who lived
in medically vulnerable regions and were diagnosed outside their residential area
had a higher risk of complications than those living in non-vulnerable regions and
were diagnosed outside the residential area (hazard ratio: 1.156, 95% confidence
interval: 1.119—1.195).

Conclusion: Patients living in medically vulnerable regions who were diagnosed
outside their residential areas were more likely to have hypertension complications
regardless of the type of complication. Necessary policies should be implemented
to reduce regional healthcare disparities.

hypertension, adverse e ect, healthcare disparity, complications, Cox proportional
hazards models

1. Introduction

The prevalence of hypertension is high worldwide. If not treated properly, hypertension can
lead to complications, including cardiovascular disease (1), cerebrovascular disease, and kidney
disease (2). However, if well managed, disabilities and premature death can be prevented (3). In
2010, the worldwide prevalence of hypertension was estimated to be 1.39 billion persons,
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representing 31% of all adults (4). Since South Korea is becoming the
fastest-aging country worldwide3, there is a greater likelihood of an
increase in the prevalence of hypertension. According to the Korea
Hypertension Fact Sheet 2021, among the adult population (aged
>20years), it was estimated that 28% have hypertension. Compared
with that in 2002, the number of people diagnosed with hypertension
increased from 3.0 million to 10.1 million in 2019 (5).

Despite the seriousness of hypertension, it can be treated with
proper and effective management (6). Especially among patients with
chronic diseases, continuity of care is known to result in better patient
satisfaction and outcomes (7). However, managing chronic diseases
becomes much more difficult for people residing in rural areas (8)
because the population composition, socioeconomic conditions, and
distribution of medical facilities are different and the use of medical
care varies (9). As of 2022, Seoul, the capital of South Korea, had 4.8
doctors per 1,000 inhabitants, and except for metropolitan cities
(Busan, Daegu), all the other areas had an average of less than 3.2
doctors per 1,000 inhabitants (10). In addition, in a study on amenable
deaths for specific districts conducted in 2018, the death rate in
Seochogu (a district in Seoul) was 25.8 per 100,000 people, whereas
the death rate in Hapcheon-gun (a county in Gyeongsangnam-do)
was 112.2 per 100,000 people, a 4.3 fold difference (11).

Considering that hypertension requires ongoing treatment, a
process of identifying medical gaps by region is necessary to avoid
potential complications. Various approaches have been taken to assess
the healthcare gap according to the region. For example, a study of
all-cause mortality among patients with hypertension was conducted
based on the years of life lost according to region (11). Another study
assessed disparities according to socioeconomic status (12). However,
the results of these studies were reported by region without
considering other factors; therefore, there is a need to assess the
overall effect of healthcare factors on complications of hypertension.

Therefore, our study aimed to estimate the effect of regional
healthcare disparities using the position value for relative composite
(PARC) index on complications and morbidity events among patients
with hypertension in the Korean population using data from the
Korean Health Insurance Service.

2. Materials and methods
2.1. Data and study population

The data used in this study were obtained from the National
Health Insurance Service National Sample Cohort (NHIS-NSC) (13)
from 2002 to 2019. However, to prevent the effects of other comorbid
conditions, the period 2002-2003 was designated as a washout period.
In addition, to identify patients with newly diagnosed hypertension,
those who were diagnosed with hypertension in 2002-2003 and those
diagnosed with hypertension complications in 2002-2003 were
excluded. Finally, the data from 2004 to 2019 were used. After these
exclusions, the total study population included 246,490 individuals.

2.2. Ethical consideration

This study was reviewed and approved by the International
Review Board of Yonsei University’s Health System (number:
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Y-2020-0031) and adheres to the tenets of the Declaration of Helsinki.
The NHIS-NSC data do not contain any identifying information;
hence, additional approval for written informed consent was
not required.

2.3. Variables

The variables of interest in this study were medically vulnerable
regions and diagnosis of hypertension within these regions. The
medically vulnerable regions were identified using PARC indicators.
These indicators have enabled the identification of healthcare levels by
region in Korea (14). Details regarding analytical methods are
provided in past literature (15-20).

PARC is an objective indicator that can identify relative locations
compared with other regions using the positioning method. The
PARC value ranges from —1 to 1. If the value is 1, it indicates superior
healthcare levels in the region; 0 indicates average healthcare levels;
and —1 indicates worst healthcare levels when compared with the
mean value of the entire region. In other words, the closer the value is
to-1, the lower the level of healthcare in the region than the average
level of healthcare in the entire region, while the closer the value is to
1, the higher the average healthcare level of the entire region. In this
study, when the PARC value was less than —0.33, it was classified as a
medically vulnerable region (14).

The primary dependent variable in this study was hypertension
complications among hypertension patients (International
Classification of Diseases 10th revision codes: 110, 111, 112, 113, and
I15). The complications included cardiovascular disease (ICD-10: 120,
121, 146, 148, and 150), cerebrovascular disease (ICD-10: 160, 161, 162,
163, and G45), and chronic kidney disease (ICD-10: N18.5).

The other covariates included sex (male/female), age (under 10,
10-19, 20-29, 30-39, 40-49, 50-59, 60-69, and over 70 years), type of
insurance coverage (NHI/medical aid), income (low/middle/high),
Charlson’s comorbidity index (CCI) (0, 1, 2+), and types of healthcare
facility (tertiary hospital/primary care hospital).

2.4. Statistical analysis

Continuous variables are reported as means and standard
deviations and were compared using Student’s t-test or analysis of
variance for multiple groups, as appropriate. Categorical variables are
reported as counts and percentages and were compared using the »*
test. The primary analysis tested whether a statistical interaction was
present between the residential region and diagnosis area regarding
the event of the complication survival, which was defined as the time
from diagnosis of essential hypertension to the time complications
occurred. Cox proportional hazards models were fitted to our results,
and adjusted estimations were reported. In the presence of an
interaction effect (residential regionx diagnosis area), statistical
significance was considered at p <0.05. After considering the level of
each interaction term as one group and dividing it into four groups—
vulnerable and outside region, vulnerable and inside region,
non-vulnerable and outside region, and non-vulnerable and inside
region—univariate and multivariate Cox proportional hazards model
analyses were performed. Additionally, Cox proportional hazards
models for subgroups were used to calculate the hazard ratio (HR) for
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complication events, including cardiovascular, kidney, and
cerebrovascular diseases, with adjustments for potential confounders.
All statistical analyses were performed using SAS version 7.1
Enterprise (SAS Institute, Cary, NC), and all p-values were two-sided
with a significance level of 0.05.

3. Results

The study cohort comprised 246,490 participants (Table 1).
Table 1 shows the descriptive statistics of baseline characteristics by
group. Patients who lived in vulnerable regions and were diagnosed
outside the regions comprised 4.47% (11,007) of the participants, and
those from non-vulnerable regions who were diagnosed inside the
region comprised 49.05% (120,893).

TABLE 1 Baseline characteristics by group (residential regionxdiagnosis area).

10.3389/fmed.2023.1138017

We fitted multivariate Cox proportional hazards models to
examine the presence of an interaction effect. In this model, the
interaction term between the residential region (vulnerable vs.
non-vulnerable) and the diagnosis area (outside vs. inside) was
significant in the adjusted models (p for interaction=0.005)
(Supplementary Table S1). Since the interaction term was significant,
we compared HRs for our outcome in the four groups defined in the
methods using univariate and multivariate Cox proportional hazards
models. Table 2 shows that the vulnerable and outside region group
had the highest rate of complications, and there was a significant
association between patients who were included in this group and the
risk of complications when compared with that in the reference group
(unadjusted HR for complications, 1.465; 95% CI, 1.418-1.513;
p<0.0001 and adjusted HR for complications, 1.156; 95% CI, 1.119-
1.195; p<0.0001).

Group p-value
Vulnerable and  Vulnerable and Non-vulnerable Non-vulnerable and
outside region inside region | and outside region inside region
(n =11,007, (n =19,760, (n =94,830, (n =120,893,
4.47%) 8.02%) 38.47%) 49.05%)
n (%) n (%) n (%) n (%)
Sex <0.0001
Male 5,512 (4.38) 8,721 (6.94) 52,253 (41.56) 59,232 (47.11)
Female 5,495 (4.55) 11,039 (9.14) 42,577 (35.25) 61,661 (51.00)
Income
Low 1,895 (4.73) 3,324 (8.29) 14,613 (36.45) 20,261 (50.54) <0.0001
Middle 4,854 (4.56) 9,170 (8.61) 39,654 (37.22) 52,857 (49.61)
High 4,258 (4.26) 7,266 (7.28) 40,563 (40.62) 47,775 (47.84)
Coverage type <0.0001
NHI, employed/self-employed 4,779 (3.91) 7,919 (6.48) 50,383 (41.21) 59,171 (48.40)
Medical aid 6,228 (5.01) 11,841 (9.53) 44,447 (35.78) 61,722 (49.68)
Age (years) <0.0001
Under 10 166 (25.78) 353 (12.30) 1,002 (34.90) 1,350 (47.02)
10-19 83 (6.65) 52 (4.16) 527 (42.19) 587 (47.00)
20-29 262 (5.36) 118 (2.41) 2,648 (54.18) 1859 (38.04)
30-39 630 (3.51) 618 (3.44) 8,812 (49.12) 7,880 (43.92)
40-49 1709 (3.30) 2,622 (5.06) 21,166 (40.83) 26,342 (50.82)
50-59 2,674 (3.86) 4,631 (6.69) 20,833 (35.00) 29,701 (49.90)
60-69 2,962 (4.98) 6,024 (10.12) 20,833 (35.00) 29,701 (49.90)
Over 70 2,521 (6.47) 5,342 (13.72) 13,172 (33.83) 17,902 (45.98)
Charlson comorbidity index <0.0001
0 4,371 (4.50) 6,981 (7.19) 40,444 (41.67) 45,270 (46.64)
1 3,312 (1.34) 6,283 (8.29) 28,501 (37.60) 37,709 (49.74)
Over 2 3,324 (4.52) 6,496 (8.82) 25,885 (35.16) 37,914 (51.50)
Healthcare facility <0.0001
Tertiary Hospital 4,953 (7.56) 2,751 (4.20) 35,293 (53.89) 22,499 (34.35)
Primary Care Hospital 6,054 (3.34) 17,009 (9.40) 59,537 (32.89) 98,394 (54.36)
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TABLE 2 Cox proportional hazard regression models of time to complication event.

Univariate Multivariate
Hazard ratio (95% ClI) p-value Hazard ratio (95% CI) p-value

Group
Vulnerable and Outside region 1.465 (1.418, 1.513) <0.0001 1.156 (1.119, 1.195) <0.0001
Vulnerable and Inside region 1.146 (1.116, 1.177) <0.0001 1.045 (1.017, 1.073) 0.0015
Non-vulnerable and Outside region 1.149 (1.131, 1.167) <0.0001 1.042 (1.025, 1.059) <0.0001
Non-vulnerable and Inside region Ref Ref

Sex
Male 1.3001 (0.986, 1.015) 0.9184 1.158 (1.139, 1.177) <0.0001
Female Ref Ref

Income
Low 0.981 (0.960, 1.003) 0.0876 1.036 (1.013, 1.059) 0.0017
Middle 0.936 (0.922, 0.951) <0.0001 1.021 (1.005, 1.037) 0.0113
High Ref Ref

Coverage type
NHI, employed/ self-employed 0.847 (0.834, 0.859) <0.0001 0.954 (0.937, 0.970) <0.0001
Medical aid Ref Ref

Age (years)
Under 10 1.310 (1.234, 1.390) <0.0001 1.435 (1.352, 1.523) 0.0001
10-19 0.094 (0.072, 1.121) <0.0001 0.092 (0.071, 0.119) <0.0001
20-29 0.186 (0.170, 0.204) <0.0001 0.183 (0.166, 0.200) <0.0001
30-39 0.297 (0.285, 0.309) <0.0001 0.302 (0.290, 0.315) <0.0001
40-49 0.403 (0.394, 0.413) <0.0001 0.413 (0.402, 0.423) <0.0001
50-59 0.535 (0.524, 0.547) <0.0001 0.535 (0.524, 0.547) <0.0001
60-69 0.722 (0.707, 0.737) <0.0001 0.714 (0.700, 0.729) <0.0001
Over 70 Ref Ref

Charlson comorbidity index
0 0.623 (0.612, 0.635) <0.0001 0.667 (0.655, 0.679) <0.0001
1 0.806 (0.792, 0.820) <0.0001 0.824 (0.810, 0.838) <0.0001
Over 2 Ref Ref

Healthcare facility
Tertiary Hospital 1.646 (1.621, 1.671) <0.0001 1.707 (1.680, 1.734) <0.0001
Primary Care Hospital Ref Ref

The results of the y* test indicated that each complication rate was
significantly different among the four groups (p <0.0001) (Table 3). In
addition, on examining the subgroups, it was observed that patients
diagnosed outside their residential area and those living in medically
vulnerable areas had the highest rate of all complications
(cardiovascular disease: 2640 [24.0%]; kidney disease: 262 [2.4%];
cerebrovascular disease: 1928 [17.5%]).

Table 4 shows the overall HR (95% CI) and p-value of the fitted
multivariate Cox proportional hazards models with adjustments for
potential confounders for the subgroup analysis. For cardiovascular and
cerebrovascular diseases, the vulnerable and outside region group had the
highest rate of complications when compared with the reference group
(adjusted HR for cardiovascular disease, 1.167; 95% CI, 1.120-1.215;
p<0.0001 and adjusted HR for cerebrovascular disease, 1.162; 95% CI,
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1.108-1.219; p<0.0001). However, the non-vulnerable and outside region
group had the highest rate of complications when compared with the
reference group for kidney disease (adjusted HR, 1.124; 95% CI, 1.106—
1.196; p<0.0002). The HR for cardiovascular and kidney diseases was
higher in the group with the first diagnosis outside the residential area,
regardless of whether they were medically vulnerable. In contrast, the HR
for cerebrovascular diseases was higher in the medically vulnerable group
than in the diagnosis group.

4. Discussion

In this study, we examined the effects of regional medical
disparities on complications in patients with hypertension. Our results
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TABLE 3 General characteristics of study subjects for hypertension complications.

Complications

Hypertension complications

Cardiovascular

Kidney disease

Cerebrovascular

109

disease disease
Yes No p-value Yes No p-value Yes No p-value Yes No

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Group <0.0001 <0.0001 <0.0001 <0.0001
Vulnerable and Outside region 4,100 (37.3) 6,907 (62.8) 2,640 (24.0) 8,367 (76.0) 262 (2.4) 10,745 (97.6) 1928 (17.5) 9,079 (82.5)
Vulnerable and Inside region 6,341 (32.1) 13,419 (67.9) 3,791 (19.2) 15,969 (80.8) 326 (1.7) 19,434 (98.3) 3,330 (16.9) 16,430 (83.1)
Non-vulnerable and Outside
region 28,353 (29.9) 66,477 (70.1) 18,768 (19.8) 76,062 (80.2) 2,123 (2.2) 92,707 (97.8) 12,114 (12.8) 82,716 (87.2)
Non-vulnerable and Inside region | 33,846 (28.0) = 87,047 (72.0) 21,533 (17.8) | 99,360 (82.2) 2,184 (1.8) 118,709 (98.2) 15,520 (12.8) = 105,373 (87.2)
Sex <0.0001 <0.0001 <0.0001
Male 35,033 (27.9) 90,685 (72.1) 22,562 (18.0) 103,156 (82.0) 2,957 (2.4) 122,761 (97.6) 15,064 (12.0) 110,654 (88.0)
Female 37,607 (31.1) | 83,165 (68.9) 24,170 (20.0) | 96,602 (80.0) 1938 (1.6) 118,834 (98.4) 17,828 (14.8) | 102,944 (85.2)
Income <0.0001 <0.0001 0.2322 <0.0001
Low 11,316 (28.2) 28,777 (71.8) 7,140 (17.8) 32,953 (82.2) 757 (1.9) 39,336 (98.1) 5,204 (13.0) 34,889 (87.0)
Middle 30,428 (28.6) 76,107 (71.4) 19,257 (18.1) 87,278 (81.9) 2,112 (2.0) 104,423 (98.0) 13,981 (13.1) 92,554 (86.9)
High 30,896 (30.9) 68,966 (69.1) 20,335 (20.4) 79,527 (79.6) 2026 (2.0) 97,836 (98.0) 13,707 (13.7) 86,155 (86.3)
Coverage type <0.0001 <0.0001 0.0356 <0.0001
NHI, employed/ self-employed 31,940 (26.1) 90,312 (73.9) 20,970 (17.2) 101,282 (82.9) 2,355 (1.9) 119,897 (98.1) 13,429 (11.0) 108,823 (89.0)
Medical aid 40,700 (32.8) 83,538 (67.2) 25,762 (20.7) 984,765 (79.3) 2,540 (2.0) 121,698 (98.0) 19,463 (15.7) 104,775 (84.3)
Age (years) <0.0001 <0.0001 <0.0001 <0.0001
Under 10 1,159 (40.4) 1712 (59.6) 707 (24.6) 2,164 (75.4) 36 (1.3) 2,835 (98.7) 613 (21.4) 2,258 (78.6)
10-19 58 (4.64) 1,191 (95.4) 45 (3.6) 1,204 (96.4) 7(0.6) 1,242 (99.4) 7 (0.6) 1,242 (99.4)
20-29 464 (9.49) 4,423 (90.5) 322 (6.6) 4,565 (93.4) 94 (1.9) 4,793 (98.1) 75 (1.5) 4,812 (98.5)
30-39 2,724 (15.18) 15,216 (84.8) 1859 (10.4) 16,081 (89.6) 325 (1.8) 17,615 (98.2) 773 (95.7) 17,167 (4.3)
40-49 10,815 41,024 (79.1) 7,245 (14.0) 44,594 (86.0) 762 (1.5) 51,077 (98.5) 4,066 (92.2) 47,773 (7.8)

(20.86)
50-59 18,910 50,337 (72.7) 12,510 (18.1) | 56,737 (81.9) 1,148 (1.7) 68,099 (98.3) 8,025 (88.4) 61,222 (11.6)

(27.31)
60-69 22,621 (38.0) 36,899 (62.0) 14,452 (24.3) 45,086 (75.7) 1,592 (2.7) 57,928 (97.3) 10,995 (81.5) 48,525 (18.5)
Over 70 15,889 (40.8) = 23,048 (59.2) 3,592 (24.6) 29,345 (75.4) 931 (2.4) 38,006 (97.6) 8,338 (78.6) 30,599 (21.4)

(Continued)
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showed that patients living in medically vulnerable regions and those
diagnosed outside their residential areas were more likely to have
hypertension complications. In particular, for each individual
complication, the results also showed that patients living in medically
vulnerable regions and those diagnosed outside their residential areas
were more likely to have a higher HR.

The results of this study are similar to those of studies conducted
in other countries. For example, in China, which has a similar
prevalence of hypertension to South Korea, treatment and control are
worse in rural areas (21). In Romania, prevalence of hypertension is
higher and general control of hypertension is lower in rural areas than
in urban areas (22). In the United States, the prevalence of
hypertension and current medication use is higher in rural areas due
to lack of healthcare workers and a higher prevalence of obesity, lack
of physical activity, and smoking (23).

The reason for the higher risk of hypertension complications
may be disparities in access to care. With regard to hypertension
management, counseling and education by health clinics and
doctors are known to affect the recognition and treatment rate of
hypertension (24). However, those in rural areas have limited
access to healthcare personnel (25) and this problem is also present
in Korea. While the number of doctors per 100 beds in
metropolitan cities was 14.17 and the number of nurses was 60.95,
in rural areas, the number of doctors was 6.36 and the number of
nurses was 26.67 (26), which indicated a large gap in the access to
healthcare personnel. In the case of departments, except for
orthopedics, those in rural areas have limited access to other
departments (27).

According to the subgroup analysis, patients living in medically
vulnerable regions who were diagnosed outside their residential areas
were more likely to have a higher risk of hypertension complications
from cardiovascular, kidney, and cerebrovascular diseases. Although
patient differences in characteristics, the overall prevalence could
be attributed to medical access issues. Rural areas are known to have
transportation issues and limited access to care, resulting in a higher
likelihood of fewer hospital visits and under-diagnoses (28). As
cardiovascular and cerebrovascular diseases are time-sensitive
diseases with a “golden time” for the use of appropriate treatment (29,
30) implementation of timely and appropriate medical resources in
both internal and external medical institutions is important (29).
However, as patients in vulnerable regions and those who have been
diagnosed outside their region have a significant shortage of these
resources, there is a higher probability that they are more affected than
other groups.

In the case of kidney disease, managing and controlling blood
pressure is the best prevention method (31); therefore, accessibility
and performance of primary care services are important (32).
However, in South Korea, there is a preference for hospitals over
clinics (33); thus, there has been a constant decrease in the number
of clinics in rural areas over the past years (34). These factors may
have had a greater effect on people diagnosed outside their region.
This may indicate that a person’s most frequently used healthcare
facility is outside their region, making accessibility much
more difficult.

This study has some limitations. First, due to the use of medical
claims data, factors such as obesity, physical activity, and smoking rate
could not be considered. However, in South Korea, there are relatively
small differences in the smoking rate (35), obesity (36) and amount of
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TABLE 4 Cox proportional hazard regression models of time to complication event for specific hypertension complications.

Cardiovascular disease

Cerebrovascular disease

Kidney disease

Hazard ratio p-value Hazard ratio p-value Hazard ratio p-value
(95% Cl) (95% Cl) (95% Cl)

Group
Vulnerable and Outside region 1.167 (1.120, 1.215) <0.0001 1.081 (0.949, 1.231) 0.2413 1.162 (1.108, 1.219) <0.0001
Vulnerable and Inside region 0.992 (0.958, 1.027) 0.6575 0.876 (0.780, 0.985) 0.0268 1.148 (1.105, 1.192) <0.0001
Non-vulnerable and Outside region 1.080 (1.058, 1.102) <0.0001 1.124 (1.056, 1.196) 0.0002 0.984 (0.960, 1.009) 0.2088
Non-vulnerable and Inside region Ref Ref Ref
Sex
Male 1.061 (1.040, 1.083) <0.0001 1.864 (1.749, 1.987) <0.0001 1.065 (1.039, 1.090) <0.0001
Female Ref Ref Ref
Income
Low 0.931 (0.906, 0.957) <0.0001 1.110 (1.020, 1.208) 0.0160 1.044 (1.010, 1.079) 0.0102
Middle 0.942 (0.923, 0.961) <0.0001 1.071 (1.007, 1.139) 0.0288 1.062 (1.037, 1.087) <0.0001
High Ref Ref Ref
Coverage type
NHI, employed/self-employed 0.987 (0.966, 1.008) 0.2360 0.886 (0.830, 0.946) 0.0003 0.904 (0.882, 0.928) <0.0001
Medical aid Ref Ref Ref
Age (years)
Under 10 1.248 (1.156, 1.348) <0.0001 0.781 (0.559, 1.089) 0.1454 1.202 (1.107, 1.305) <0.0001
10-19 0.150 (0.112, 0.201) <0.0001 0.196 (0.093, 0.413) <0.0001 0.027 (0.013, 0.057) <0.0001
20-29 0.263 (0.235, 0.294) <0.0001 0.654 (0.527, 0.811) 0.0001 0.072 (0.057, 0.091) <0.0001
30-39 0.398 (0.378, 0.419) <0.0001 0.624 (0.548, 0.712) <0.0001 0.196 (0.182, 0.211)
40-49 0.521 (0.505, 0.538) <0.0001 0.509 (0.461, 0.563) <0.0001 0.344 (0.331, 0.358) <0.0001
50-59 0.667 (0.649, 0.686) <0.0001 0.562 (0.514, 0.614) <0.0001 0.494 (0.479, 0.510) <0.0001
60-69 0.866 (0.844, 0.889) <0.0001 0.859 (0.791, 0.932) 0.0003 0.750 (0.729, 0.772) <0.0001
Over 70 Ref Ref Ref
Charlson comorbidity index
0 0.492 (0.481, 0.504) <0.0001 0.603 (0.561, 0.649) <0.0001 0.519 (0.505, 0.534) <0.0001
1 0.710 (0.695, 0.725) <0.0001 0.799 (0.748, 0.853) <0.0001 0.710 (0.692, 0.728) <0.0001
Over 2 Ref Ref Ref
Healthcare facility
Tertiary Hospital 1.838 (1.802, 1.874) <0.0001 1.755 (1.653, 1.864) <0.0001 1.552 (1.515, 1.590) <0.0001
Primary Care Hospital Ref Ref Ref

physical activity (37) between rural and urban areas; hence, it is
unlikely that there is confounding by these factors. Nevertheless, these
factors should be considered in future studies. Second, factors such as
history of hypertension prescription and continuity of care could not
be considered in this study. Future studies should consider
these factors.

However, our study has some major strengths. To the best of
our knowledge, this was the first study to investigate regional
medical disparities in complication morbidity events in patients
with hypertension using the PARC index. In addition, since all
Korean citizens are required to enroll in the National Health
Insurance Service, the NHIS datasets provide nationally
representative data.
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Our findings suggest that patients who live in medically
vulnerable regions and are diagnosed outside their residential area
are more likely to have a complication of hypertension, including
cardiovascular and cerebrovascular disease. Therefore, necessary
should be
healthcare disparities.

policies implemented to reduce regional
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Introduction: Multimorbidity and health-related quality of life (HRQoL) are
intimately linked. Multiple chronic conditions may adversely a ect physical and
mental functioning, while poorer HRQoL may contribute to the worsening course
of diseases. Understanding mechanisms through which specific combinations of
diseases a ect HRQoL outcomes can facilitate identification of factors which
are amenable to intervention. Jamaica, a middle-income country with high
multimorbidity prevalence, has a health service delivery system dominated
by public sector provision via a broad healthcare network. This study aims to
examine whether multimorbidity classes di erentially impact physical and
mental dimensions of HRQoL in Jamaicans and quantify indirect e ects on the
multimorbidity—HRQoL relationship that are mediated by health system factors
pertaining to financial healthcare access and service use.

Materials and methods: Latent class analysis (LCA) was used to estimate
associations between multimorbidity classes and HRQoL outcomes, using latest
available data from the nationally representative Jamaica Health and Lifestyle
Survey 2007/2008 (N=2,551). Multimorbidity measurement was based on self-
reported presence/absence of 11 non-communicable diseases (NCDs). HRQoL
was measured using the 12-item short-form (SF-12) Health Survey. Mediation
analyses guided by the counterfactual approach explored indirect e ects of
insurance coverage and service use on the multimorbidity—HRQoL relationship.

Results: LCA revealed four profiles, including a Relatively Healthy class (52.7%)
characterized by little to no morbidity and three multimorbidity classes
characterized by specific patterns of NCDs and labelled Metabolic (30.9%),
Vascular-Inflammatory (12.2%), and Respiratory (4.2%). Compared to the
Relatively Healthy class, Vascular-Inflammatory class membership was associated
with lower physical functioning (f=-5.5; p<0.001); membership in Vascular-
Inflammatory (p=-1.7; p<0.05), and Respiratory (f=-2.5; p<0.05) classes was
associated with lower mental functioning. Significant mediated e ects of health
service use, on mental functioning, were observed for Vascular-Inflammatory
(p<0.05) and Respiratory (p<0.05) classes.
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Conclusion: Specific combinations of diseases di erentially impacted HRQoL
outcomes in Jamaicans, demonstrating the clinical and epidemiological value
of multimorbidity classes for this population, and providing insights that may
also be relevant to other settings. To better tailor interventions to support
multimorbidity management, additional research is needed to elaborate personal
experiences with healthcare and examine how health system factors reinforce
or mitigate positive health-seeking behaviours, including timely use of services.

non-communicable diseases (NCD), multimorbidity (MM), health-related quality of life,
Jamaica, latent class analysis (LCA)

Introduction

Health-related quality of life (HRQoL), a
multidimensional construct encompassing functioning and well-

subjective,

being in physical, emotional, and social domains (1-3), has been
further described by Mayo as a “measure of the value assigned to
duration of life as modified by impairments, functional states,
perceptions and opportunities, as influenced by disease, injury,
treatment and policy” (3, 4). Given chronicity of non-communicable
diseases (NCDs), coupled with the potential for poorer physical and
mental functioning to erode individual self-management capacity,
intensify care demands, and contribute to a worsening of the course
of diseases, HRQoL outcomes have important implications for the
management of prevalent multimorbidity (i.e., the co-occurrence of
two or more NCDs) and prevention of additional conditions (1, 5, 6).

Systematic reviews have consistently documented a strong, inverse
relationship between the number of medical conditions and physical
HRQoL domains (1, 7). Associations between multimorbidity and
mental HRQoL domains are more varied, however, with some studies
reporting no statistically significant relationship while others have
indicated significant declines in patients with 3 or more concurrent
diagnoses (1, 7). Yet, while the body of literature on multimorbidity
and HRQoL is growing, commonly cited limitations of available
evidence include the frequent exclusion of psychiatric diagnoses from
multimorbidity measurement, paucity of data from low- and middle-
income country (LMIC) settings, and the reliance on simple counts of
diseases (1, 7). Further, despite the existing consensus on the
association of prevalent multimorbidity with poorer physical HRQoL
domains, there is less agreement regarding the mechanistic pathways
underlying poor HRQoL outcomes and the factors that may
be amenable to intervention (8).

Aspects of the health system, including instruments that support
financial access to care (e.g., insurance coverage) and “hassles”
associated with health system interaction (e.g., seeking information,
scheduling visits, interacting with health care providers) (8, 9), have
been suggested as factors that may present opportunities for
intervention along the multimorbidity~-HRQoL pathway. Researchers
have posited that specific combinations of diseases may have
differential effects on patient’s experiences with accessing, using, and
enacting, care with potential to differentially affect outcomes (5, 8). A
systematic review of qualitative data exploring patients subjective
experiences of multimorbidity identified financial burdens and
frequent healthcare use among the most pressing components of
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individual experiences in managing the burden and treatment of
multimorbidity (9). Specifically, individuals reported that financial
pressures were exacerbated by need for private insurance, as this
typically shaped user charges and the amount to be reimbursed, while
frequent service use negatively impacted the subjective experience of
multimorbidity, by serving as a reminder of all health problems
currently faced (9).

Improved understanding of the mechanisms through which
health system factors, pertaining to financial access and service use,
influence quality of life outcomes, can better guide the allocation of
resources and organization of care, with important implications for
multimorbidity prevention and control. This research used data from
the Jamaica Health and Lifestyle Survey 2007/2008 (JHLS-II) to
examine the contribution of health system factors to the
multimorbidity~-HRQoL relationship in Jamaica, a middle-income
country in the Caribbean region with a high prevalence of
multimorbidity that is disproportionately borne by women (10).
Indeed, nationally representative, comprehensive lifestyle surveys
such as JHLS-I (2000/2001) and the JHLS-II have been conducted,
over the past few years, to better quantify the burden of NCDs and
inform targeted action, including the 2012-2017 NCD strategic plan
(11). At the time of manuscript preparation, JHLS-III 2016/2017 were
not available and the JHLS-II remained the latest available nationally
representative dataset for in-depth investigation.

Health service delivery in Jamaica is facilitated through a broad
network of primary, secondary, and tertiary care facilities and involves
a mix of public and private sectors, with the former being the main
provider of public health and hospital services while the latter
dominates ambulatory service and pharmaceutical supply provision
(10, 12). Recognizing that medication costs account for a substantial
portion of out-of-pocket spending, the Government of Jamaica
introduced two government programs, funded by government taxes,
to enhance financial access to drugs: the Jamaica Drug for the Elderly
Programme (JADEP) and the National Health Fund (NHF) (12).
JADEP provided subsidies for specific drugs covering select chronic
illnesses, for all Jamaican residents over the age of 60, while the NHF
provided subsidies to its beneficiaries for the treatment of selected
NCDS, without age restrictions (13). Private health insurance schemes
are also available and voluntary, with the majority being employer-
provided or employer-funded with co-payment by employees.

As illustrated in the conceptual framework below (Figure 1),
multimorbidity class membership was hypothesized to affect HRQoL
(assessed via the SF-12 Health Survey instrument, using summary
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/ I N \
MULTIMORBIDITY = HEALTH SYSTEM FACTORS HEALTH-RELATED
QUALITY OF LIFE
CLASSES _ XN
[Path 2] = Heath insurance coverage (HRQOL})
= Recent health service use
FIGURE 1
Conceptual framework to guide data analysis (1) Path 1 tests the direct association of multimorbidity class membership on health-related quality of life
(HRQoL), (2) Path 2 tests the indirect association of health system factors reflecting financial access to care (i.e., insurance coverage) and health service
utilization (i.e., recent health service use) on HRQoL, and (3) Path 3 tests the moderation e ect of health system factors on the multimorbidity—HRQoL
relationship.

measures of physical functioning and mental functioning) in the
Jamaican population both directly and indirectly, through three main
pathways. First, given evidence of a significant inverse relationship
between the number of chronic conditions and physical HRQoL
domains (1, 7), we hypothesized that multimorbidity classes reflecting
a higher number of conditions would be associated with lower physical
and mental health functioning (Path 1). Second, given independent
effects of the health system reflecting financial access to care (i.e.,
insurance coverage) and health service utilization (i.e., recent health
service use), we hypothesized that by minimizing financial stress and
enabling better health-seeking behaviour, insurance coverage would
mediate (i.e., lessen) the impact of multimorbidity on physical and
mental dimensions of HRQoL (Path 2) while, due to challenges
navigating the health system, recent service use would mediate (i.e.,
intensify) the multimorbidity-HRQoL relationship via a negative effect
on mental health functioning (Path 2). Finally, we hypothesized that
interactions between multimorbidity and health system factors would
moderate the multimorbidity~-HRQoL relationship, either by mitigating
(in the case of insurance coverage) or reinforcing (in the case of health
service use) its effects on health outcomes (Path 3).

Materials and methods

Data

Secondary analysis of JHLS-II data was performed. Study design,
recruitment, sampling, and data collection procedures for the JHLS-II
have been previously described (13). Briefly, 2,848 individuals,
15-74years old of age, were recruited between November 2007 and
March 2008 to participate in this nationally representative,
interviewer-administered, cross-sectional survey (13, 14). Participant
recruitment was guided by a multi-stage cluster sampling design and
based on random selection of clusters (enumeration districts)
proportional to the size of the population within all parishes in
Jamaica (13). Trained interviewers used structured questionnaires and
standardized protocols to collect demographic, medical history, and
health behaviour data, and obtain physical (i.e., height, body weight,
hip circumference, and waist circumference), and biological (i.e.,
blood pressure, blood glucose, and total cholesterol) measurements
(13, 14).
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Measures
In this study, four categories of variables were operationalized:

(1) Exposure: multimorbidity class membership,

(2) Outcomes: HRQoL, relating to physical and mental domains,

(3) Mediators of the multimorbidity-HRQoL relationship:
health system factors reflecting financial access to care and
health care utilization, and

included

characteristics, economic circumstances, and health behaviours

(4) Covariates:  covariates socio-demographic

with  well-documented associations with  quality-of-

life outcomes.

Multimorbidity class membership

Binary indicators reflecting the presence/absence of 11 NCDs
were used to categorize the population into latent class (i.e.,
multimorbidity) segments, based on the relative probabilities that
individuals within the class have a particular NCD. These indicators
of multimorbidity class membership have been previously described
(15, 16). In brief, only those NCDs with the greatest burden in this
population, defined as a prevalence of 1% or higher in each sex, were
included as indicators: hypertension, obesity, hypercholesterolemia,
diabetes, asthma, arthritis, cardiovascular disease, mental health
disorders, chronic obstructive pulmonary disease (COPD), stroke,
and glaucoma. Self-reported diagnosis of bronchitis/pneumonia
served as a proxy for COPD and, in keeping with guidance on
multimorbidity measurement (17), cardiovascular (i.e., heart disease,
myocardial infarction, and circulation problems) and mental health
(i.e., depression, anxiety, psychosis, and other mental health problems)
conditions were grouped together to reflect cardiovascular diseases
and mental health disorders, respectively.

Health-related quality of life (HRQoL)

HRQoL was measured using the SF-12 Health Survey instrument,
a 12-item short-form that captures eight dimensions of health (i.e.,
Physical Functioning, Role Physical, Bodily Pain, General Health,
Vitality, Social Functioning, Role Emotional, and Mental Health) and
can be used to generate two summary subscale scores reflecting
physical and mental HRQoL functioning: the Physical Component
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Summary (PCS-12) and Mental Component Summary (MCS-12)
scores (18). The SF-12 captures eight dimensions of health, with the
PCS-12 generally measuring Physical Functioning, Role Limitations
due to Physical Health Problems, Bodily Pain, and General Health
domains, while the MCS-12 predominantly reflects Vitality (i.e.,
energy/fatigue), Social Functioning, Role Limitations due to
Emotional Problems, and Mental Health (i.e., psychological distress
and psychological well-being) (19). Summary HRQoL measures of
physical and mental health remain a valuable approach to the
measurement of health and functional status, and recommendations
urge use of traditional SF-12 scoring and procedures for their
derivations (20). In accordance with these recommendations (19),
PCS-12 and MCS-12 subscale scores were weighted, aggregated and
standardized, to achieve a mean score of 50 and standard deviation
(SD) of 10, and allow for meaningful comparison with each other (19).
PCS-12 and MCS-12 scores were set to missing if an individual was
missing data on any one of the SF-12 items, and mean substitution for
missing values used. Higher scores were indicative of better
HRQoL (2).

Health system factors

Individual-level health system factors included indicators of
health insurance coverage and health service use. For health insurance
coverage, binary indicators of public coverage (based on enrolment in
either the NHF or JADEP) and private insurance coverage reflected
better financial access to needed medications and health services,
respectively. Based on data availability, a binary indicator of recent
health service use was created using a proxy measure based on reports
of the last blood pressure measurement being taken in the 6 month
period prior to the survey.

Covariates

Socio-demographic, economic, and behavioural factors noted to
impact quality of life outcomes were defined (1). Self-reported socio-
demographic characteristics included age in years (treated as
continuous), sex (male/female), full-time employment (yes/no), and
having attained at least secondary level education or higher (yes/no).
For economic circumstances, principal component analysis (PCA)
was used to generate quintiles ranging from poorest to wealthiest,
based on (yes/no) responses to questions on ownership of household
assets (i.e., gas/electric stove, refrigerator or freezer, microwave oven,
telephone, radio, television set, cable, satellite dish, bicycle, motorbike,
car, computer, washing machine, sewing machine, fan, air conditioner,
compact disk (CD) player, stereo equipment, record player, and video
cassette recorder), and living conditions (i.e., number of members per
sleeping room). This wealth index was then dichotomized to reflect
discrete high vs. low groups, specifying those in the top 60% versus
the bottom 40% (21). Health behaviours reflected past or current
tobacco use (yes/no), current alcohol drinkers (yes/no) and low
physical activity levels (yes/no). Physical activity levels were defined
using metabolic equivalent (MET) levels based on walking, moderate-
intensity activity, and vigorous-intensity activity scores from the
International Physical Activity Questionnaire (IPAQ)-Short Form
(22). Based on established cut-offs, categories reflecting high (i.e., >7
or more days of any combination of walking, moderate-or vigorous-
intensity activities accumulating at least 3,000 MET-minutes/week),
moderate (i.e., >5days of any combination of walking, moderate-or
vigorous-intensity activities achieving a minimum of at least 600
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MET-minutes/week) or low (i.e., no activity or some activity reported
but not enough to meet moderate or high levels) levels of activity were
derived (22), and the former two categories collapsed to create the
binary, low physical activity levels indicator.

Ethics approval and consent to participate

The JHLS-II survey and study protocol were approved by the
Ministry of Health, Jamaica and the University of the West Indies/
University Hospital of the West Indies Ethics Research Committee
(ECP 169, 14/15). Written informed consent was obtained from all
adult study participants and, for participants under 18 years of age,
written consent was received from a parent and/or legal guardian. All
study procedures were performed in accordance with institutional
guidelines and confidentiality of all participants and national data
were protected within legal limits.

Statistical approach

Descriptive statistics were examined using proportions for
categorial variables and means with 95% confidence intervals (CIs) for
continuous variables. Base sampling weights, calculated as the product
of the inverse of the probability of selecting a household and the
inverse of the probability of selecting a primary sampling unit, were
applied to account for sampling design and non-response. Further,
post-stratification weights, calculated as the number of persons in the
Jamaican population between the ages of 15-74 years, represented by
each individual in the sample within 5year age-sex categories, were
used. In keeping with recommendations (23), regressions were
unweighted. All analyses were performed using Stata v.15 software
(StataCorp, College Station, TX).

Latent class analysis (LCA)

Multimorbidity classes were identified using LCA, a reductionist
strategy that uses a person-centred approach to identify segments of
the population with diverging disease profiles (24). First, a series of
models, with a progressively increasing number of latent classes, were
fit to the data. Baseline model selection was driven by comparison of
model fit statistics (i.e., likelihood-ratio G? statistic and parametric
bootstrap likelihood ratio test) and information criteria (i.e., Akaike
Information Criteria (AIC), Bayesian Information Criteria (BIC),
adjusted BIC) in addition to visual inspection of probability plots to
evaluate the meaningfulness and distinctiveness of resultant latent
class solutions (25). A description of the methodology used to
determine baseline model selection can be found in Craig et al.
2020 (15).

Next, a Bayes’ theorem-based approach was used to estimate the
effect of multimorbidity class membership on physical and mental
HRQoL domains. This involved fitting the latent class model with the
outcome included as a covariate, and then using Bayes’ theorem to
reverse the direction of the effect and empirically derive the class-
specific distribution of mean PCS-12 and MCS-12 scores, via kernel
density estimation (26). Pairwise tests and corresponding values of p,
with statistical significance set at p <0.05, were used to compare each
multimorbidity pattern with the reference class and test the null
hypothesis that scores were equal. All statistical analyses were carried
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out via Stata v.15 software, using the LCA Stata Plugin (27) and the
LCA_Distal_BCH Stata function (28) as needed.

Multivariable regression analysis

Following LCA, individuals were assigned to their best fit class
based on their maximum posterior probability. Multivariable
regression methods were then used to further examine the
multimorbidity~-HRQoL relationship, separately for physical and
mental domains, while controlling for important confounders known
to affect quality of life outcomes (7).

Mediation analyses

To investigate the role of health system factors on HRQoL
outcomes, the counterfactual approach to mediation analysis,
developed by Valeri and VanderWeele (29), was used. This approach
allows the total effect of multimorbidity on HRQoL to be decomposed
into direct and indirect effects, using models with interactions (e.g.,
between multimorbidity classes and health system factors) and
non-linearities (e.g., binary mediators such as insurance coverage and
recent health service use) (29). Analyses were performed in Stata
using the paramed program, which is based on the mediation macro
developed by Valeri and VanderWeele (29). Multimorbidity classes
were recoded as separate binary indicators (i.e., Metabolic, Vascular-
Inflammatory, and Respiratory) to accommodate programming
requirements for operationalization of the exposure variable. To
satisfy identifiability assumptions regarding no confounding (29), key
socio-demographic, economic, and health behaviour covariates were
included in the regression. Potential interactions between
multimorbidity classes and health system factors were tested for their
effects on HRQoL and included where significant. Natural direct and
indirect effects were estimated by fitting a linear regression model for
the continuous outcome and a logistic regression model for the binary
mediator, respectively (29). From these combined models, estimates
for the natural direct effects, natural indirect effects, and total effects
(i.e., the sum of the natural direct and indirect effects) were
determined, along with bias-corrected bootstrap confidence intervals
(via bootstrap procedures with 1,000 replications) (29). The
proportion of the multimorbidity~-HRQoL relationship mediated
through health system factors was calculated as the ratio of the natural
indirect effect to the total effect.

Results
Sample characteristics

Multimorbidity latent classes

Only participants with complete information on the presence or
absence of the 11 NCD multimorbidity indicators were included in
the analytic sample. There were no statistically significant differences
between those with complete (n=2,551) and those with missing data
(n=311) with respect to age, sex, or region of residence. Fit statistics,
information criteria, entropy scores and model interpretability
together suggested that the four-class solution was the optimum
baseline model. Briefly, the G statistic, Akaike Information Criteria
(AIC) and the adjusted Bayesian Information Criteria (BIC) reached
their lowest in the four-class model. The four-class solution’s entropy
score also indicated precision in class prediction and, upon
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examination, allowed for meaningful interpretation of resultant latent
classes. Latent class prevalences and item-response probabilities (i.e.,
the estimated probability of reporting a particular NCD, given
membership in a particular latent class) for the four-class model have
been fully described in an earlier publication (15) and are illustrated
in Table 1. In summary, the final classes were labelled: Relatively
Healthy (52.7%) - characterized by individuals with very low
probability of any of the 11 NCDs; Metabolic (30.9%) — characterized
by individuals with a high probability of hypertension and obesity, and
somewhat moderate probability of hypercholesterolemia; Vascular-
Inflammatory (12.2%) - characterized by individuals with the highest
probability of hypertension, obesity, hypercholesteremia and diabetes,
in addition to a high probability of arthritis and cardiovascular
disease; and Respiratory (4.2%) - characterized by individuals with the
highest probability of asthma and COPD.

Health system factors

A significantly larger proportion of the sample had private health
insurance compared to public coverage through subsidies (18.8% vs.
10.1%; p=0.008) (Figure 2). Specifically, 13.7% of the study population
had enrolled in the NHF while only 4.2% had enrolled in JADEP;
among those over 60 years, 27.0% were enrolled in JADEP. Compared
to their Relatively Healthy counterparts (18.8%), the Metabolic class
was less likely (p=0.034) and the Vascular-Inflammatory class more
likely (p=0.003) to own private insurance. All multimorbidity classes
were significantly more likely than their Relatively Healthy
counterparts (p<0.001) to have public insurance coverage (i.e.,
be enrolled in either of the government subsidized programs).
Similarly, all multimorbidity classes were significantly more likely than
their Relatively Healthy counterparts to have had a recent health
service visit (p<0.001).

Distribution of mean HRQoL subscale scores

Mean PCS-12 and MCS-12 scores for the survey population were
51.3 (SD=8.5) and 49.5 (SD =9.0), respectively. Table 2 presents mean
PCS-12 and mean MCS-12 scores, given latent class membership.
Individuals in the Metabolic and Vascular-Inflammatory classes scored
2.7 (p<0.001) and 13.4 (p<0.001) points lower on the PCS-12
subscale, respectively, than their Relatively Healthy counterparts. There
were no statistically significant differences in mental health
functioning scores according to latent class membership.

Multivariate regression analyses

Following assignment of individuals to their best fit class based on
their maximum posterior probability, regression estimates indicated
that, compared to those in the Relatively Healthy class, membership in
the Vascular-Inflammatory class (f=—5.5; p<0.001) was associated
with significantly lower PCS-12 scores (Table 3). For MCS-12,
individuals in the both Vascular-Inflammatory class (f=—1.7; p<0.05)
and Respiratory class (f=—2.5; p<0.05) had significantly lower mental
functioning scores than their Relatively Healthy counterparts.

Results of the multivariate model further indicated that higher
educational attainment (= 1.4; p<0.001) and full-time employment
(f=1.5; p<0.001) were associated with higher PCS-12 scores, while
low levels of physical activity (f=—0.9; p<0.01) were associated with
lower PCS-12 scores. Being in the top 60% wealth quintile (5=1.2;
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TABLE 1 Four-latent-class model of multimorbidity.

Latent class

1 2 3 4

Relatively healthy Metabolic Vascular inflammatory Respiratory
Latent class prevalences 0.53 0.31 0.12 0.04
Item-response probabilities Probability of a Yes response
Hypertension 0.05 0.58 0.80 0.14
Obesity 0.20 0.39 0.56 0.53
Hypercholesterolemia 0.05 0.23 0.36 0.20
Diabetes mellitus 0.00 0.17 0.36 0.08
Asthma 0.07 0.02 0.06 0.45
Arthritis 0.03 0.04 0.43 0.05
Cardiovascular disease 0.02 0.00 0.41 0.10
Mental health disorders 0.02 0.01 0.07 0.12
COPD 0.02 0.00 0.05 0.41
Stroke 0.00 0.01 0.10 0.00
Glaucoma 0.00 0.02 0.07 0.00
Mean number of NCDs reported

0.40 (0.36, 0.45) 1.60 (1.53, 1.67) 3.40 (3.23, 3.56) 2.86 (2.72, 3.00)

(95% CI)

*Item-response probabilities > 0.35 in boldface to facilitate interpretation.
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FIGURE 2
Health Insurance coverage and recent health service encounters, according to class membership.

p<0.001) was associated with higher MCS-12 scores. Conversely, ~ Public insurance coverage through subsidies was associated with
being female (f=—2.6; p<0.001) and self-reporting past or current  lower PCS-12 scores (f=—2.7; p<0.001) while private insurance
use of tobacco (f=—1.9; p<0.001) were associated with lower MCS-12  coverage was associated with higher MCS-12 scores (f=1.1; p <0.05).
scores. Advancing age was associated with lower PCS-12 scores  Recent health service use was associated with lower scores on the
(f=-0.1; p<0.001), but higher MCS-12 scores (f=0.1; p<0.001). MCS-12 subscale (f=—1.0; p<0.01).
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TABLE 2 Mean HRQoL subscale scores, according to latent class.

Latent class

Physical component summary (PCS-12)

10.3389/fmed.2023.1094280

Mental component summary (MCS-12) score

score
Mean score 95% CI value of p Mean score 95% ClI value of p
Relatively healthy 53.85 (53.37, 54.33) [ref] 49.56 (48.94, 50.19) [ref]
Metabolic 51.13 (50.13, 52.12) <0.001 50.49 (49.50, 51.48) 0.179
Vascular-inflammatory 40.48 (38.64, 42.32) <0.001 48.56 (47.07, 50.05) 0.211
Respiratory 52.56 (49.46, 55.65) 0.435 45.62 (41.49, 49.75) 0.074

p-values based on Wald chi-squared tests.

TABLE 3 Multivariate regression analysis of e ect of multimorbidity class membership on HRQoL outcomes.

Physical component summary
(PCS-12) score (N=2,499)

B (95% Cl)

Mental component summary (MCS-12)
score (N=2,499)

B (95% Cl)

Multimorbidity class

Relatively healthy [ref]

[ref]

Metabolic

—0.13 (—0.89, 0.62)

—0.27 (—-1.16, 0.63)

Vascular-inflammatory

—5.48%*%* (—6.66, —4.29)

—1.69*% (=3.09, —0.28)

Respiratory —0.35 (—2.41, 1.70) —2.53% (—=4.97, —0.09)
Age, years —0.11%%* (—0.14, —0.09) 0.06*** (0.03, 0.09)
Female sex —0.26 (—0.99, 0.48) —2.60%%* (=347, —1.73)

Secondary level or higher

1.39%** (0.64, 2.15)

—0.67 (—1.57,0.23)

Employed full-time

1.46%** (0.84, 2.07)

0.21 (—0.53, 0.94)

Top 60% wealth quintile

0.51(-0.13, 1.16)

1.42%*%* (0.66, 2.19)

Currently use alcohol

0.66* (0.00, 1.32)

—0.76 (—1.55,0.02)

Past or present smoker

—0.39 (—1.10, 0.33)

—1.88%** (-2.73, —1.03)

Low levels of physical activity

—0.93%* (—1.53, —0.32)

—0.55 (=1.27,0.17)

Private insurance coverage

~0.18 (—1.00, 0.65)

1.11* (0.14, 2.09)

Public insurance coverage

—2.69%** (=3.66, —1.73)

0.17 (—0.97, 1.31)

Recent health service use

~0.53 (=1.18,0.11)

—1.03%* (~1.80, —0.27)

CI, confidence interval. Estimates based on non-missing data (<1% missing across all variables). *p <0.05, **p<0.01, **#*p <0.001.

Mediation analyses

Results of the mediation analyses for PCS-12 and MCS-12 scores
are presented in Tables 4, 5, respectively. As noted above, significant
total effects were observed between the Vascular-Inflammatory class
and PCS-12 scores, while lower MCS-12 scores were significantly
associated with membership in both the Vascular-Inflammatory and
Respiratory classes (Table 3).

For physical functioning, there was some mediation by public
insurance coverage (Table 4), with 4.8% of the total effect of the
Vascular-Inflammatory class on PCS-12 scores mediated by enrolment
(Bow=—5.7, p<0.001;
Pindgirear=—0.3, p<0.01). There were no statistically significant indirect

in government subsidized programs

effects mediated by recent service use or private insurance coverage.
With regard to mental health outcomes, the total effects of the
Vascular-Inflammatory class and the Respiratory class on MCS-12
scores both appeared to be mediated by recent health service use
(Table 5). The proportions mediated through recent service use were
13.3 and 10.0%, for the association between MCS-12 scores and

Frontiers in Medicine

membership in the Vascular-Inflammatory class (S =—1.7, p<0.05;
Pindire =—0.2; p<0.05) and the Respiratory class (fm=—2.5, p<0.05;
Pindiea=—0.3; p<0.05), respectively. There were no statistically
significant indirect effects on MCS-12 scores by insurance coverage
for either the Vascular-Inflammatory or Respiratory classes.

Discussion

This study used LCA to explore the distribution of HRQoL
outcomes conditional on multimorbidity class membership and
explore the role of health system factors in mediating this relationship.
Findings indicate that beyond the accumulation of an increasing
number of conditions, risk of adverse HRQoL outcomes is further
modified by the types of disease combinations. Specifically, the study
illustrated that specific disease profiles are differentially associated
with poorer physical functioning, with the Metabolic class and the
Vascular-Inflammatory class scoring 2.7 (p <0.001) and 13.4 (p <0.001)
points lower, respectively, than their counterparts in the Relatively
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TABLE 4 Mediation analysis: e ects of multimorbidity on the PCS-12 subscale scores.

Natural direct e ect

B (95% CI')

Natural indirect e ect
B (95% CI')

10.3389/fmed.2023.1094280

Marginal total e ect
B (95% CI)

Vascular-inflammatory class

Mediator: recent service use™*

—5.38%%% (—6.80, —3.98)

~0.17 (—0.26, 0.02)

—5.49%%% (=6.93, —4.15)

Mediator: private insurance®

—5.66%%F (=7.17, —4.24)

0.16 (—0.05, 0.57)

—5.50%** (=6.93, —4.08)

Mediator: public insurance®*

—5.38%%% (—6.73, —3.86)

—0.27%% (—0.53, —0.14)

—5.66%%% (=7.03, —4.17)

PCS-12, physical component summary score. 'Bias-corrected confidence interval. "The exposure-mediator interaction was not significant at the p <0.05 level and not included in the model.
*Adjusted for age, sex, education, employment, wealth, current alcohol use, past or present smoking status, physical activity level, public insurance coverage, and private insurance coverage.

"Adjusted for age, sex, education, employment, wealth, current alcohol use, past or present smoking status, physical activity level, public insurance coverage, and recent service use.

Adjusted for age, sex, education, employment, wealth, current alcohol use, past or present smoking status, physical activity level, private insurance coverage, and recent service use.

TABLE 5 Mediation analysis: e ects of multimorbidity on the MCS-12 subscale scores.

Natural direct e ect

B (95% CI')

Natural indirect e ect
B (95% CIY)

Marginal total e ect
B (95% CI)

Vascular-Inflammatory class

Mediator: recent service use™” —1.44% (—2.85,—0.11)

—0.22* (—0.42, —0.08) —1.66% (=3.01, —0.37)

Mediator: private insurance® —1.44* (-3.00, —0.19)

0.09 (0.02, 0.25) —1.35% (=2.90, —0.09)

Mediator: public insurance®* —1.44* (-2.82, -0.11)

0.01 (-0.10, 0.15) —1.42% (=2.75, —0.13)

Respiratory class

Mediator: recent service use™* —2.24 (—5.48, 0.55)

—0.25% (=5.39, —0.06) —2.49% (=5.57,0.33)

Mediator: private insurance®” —2.24 (—5.44,0.51)

~0.02 (—0.12, 0.06) —2.25(—5.48,0.43)

Mediator: public insurance® —2.10 (—6.24, 1.48)

~0.38 (=2.65, 1.45) —2.48 (—5.52,0.63)

MCS-12, mental component summary score. 'Bias-corrected confidence interval. "Exposure-mediator interactions were not significant at the p <0.05 level and not included in the models.
*Adjusted for age, sex, education, employment, wealth, current alcohol use, past or present smoking status, physical activity level, public insurance coverage, and private insurance coverage.

"Adjusted for age, sex, education, employment, wealth, current alcohol use, past or present smoking status, physical activity level, public insurance coverage, and recent service use.

“Adjusted for age, sex, education, employment, wealth, current alcohol use, past or present smoking status, physical activity level, private insurance coverage, and recent service use.

Healthy class. After controlling for important confounders, results
continued to implicate multimorbidity patterns as important
determinants of physical functioning and well-being, with
membership in the Vascular-Inflammatory class associated with lower
PCS-12 scores, compared to membership in the Relatively Healthy
class. For mental health functioning, results of the multivariate
regression analyses indicated that multimorbidity patterns were also
important determinants of psychological well-being, with significant
inverse relationships observed between MCS-12 scores and
membership in both the Vascular-Inflammatory and Respiratory
classes. Given that the mean number of NCDs reported among
members of the Vascular-Inflammatory and Respiratory classes was
3.40 and 2.86, respectively, this finding is further in keeping with
evidence of poorer functioning, along mental HRQoL domains,
following 3 or more concurrent diagnoses (1). Findings also indicated
low levels of private and public insurance coverage and alluded to
relatively high health system interactions (i.e., high proportions of
respondents with a recent health care visit), particularly among those
with varying patterns of multimorbidity.

Findings from this study indicate that membership in the
Vascular-Inflammatory class (characterized by very high probability
of hypertension, obesity, hypercholesteremia, and diabetes, in addition
to an increased likelihood of self-reported arthritis and cardiovascular
disease) is associated with particularly increased vulnerability to poor
quality of life outcomes, across both physical and mental domains. A
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Canadian study among 238 primary care patients (18 years or older)
explored differential impacts of varying combinations of conditions,
grouped by anatomical domain, with HRQoL outcomes and similarly
concluded that vascular, upper gastro-intestinal and musculoskeletal
systems have strong negative effects on physical dimensions of
HRQoL (30). Given that the PCS-12 subscale is heavily weighted
towards HRQoL aspects reflecting physical functioning, general
health and pain, these findings suggest that interventions targeting
physical therapy and pain management may promote better disease
control and quality of life outcomes for members of the Vascular-
Inflammatory class. Importantly, researchers have noted that living
with a chronic disease does not preclude mental well-being attainment
and urge identification of individual strengths, assets and motivations
to inform resource-centered interventions (31). Accordingly, given
that the MCS-12 subscale is heavily weighted towards HRQoL aspects
reflecting energy, social engagement, and emotional well-being, more
investigation is needed to understand how Vascular-Inflammatory and
Respiratory patterns differentially affect energy levels, social
functioning, and mental well-being, in order to support more holistic
care interventions that promote better psychosocial adaption and
resilience. A systematic review of 10 randomized controlled trials of
interventions to improve outcomes for patients with multimorbidity,
indicated that strategies targeting quality of life outcomes and
functional difficulties were most promising, with evidence of a
statistically significant reduction in mortality 2 years post-intervention
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(32). Given that individuals in the Vascular-Inflammatory class appear
to be at greatest risk for both poor physical and mental health
functioning, further investigation into the role of health system factors
in reinforcing or mitigating poor outcomes is also warranted.

In considering entry points for interventions to support improved
multimorbidity management via better physical functioning and
emotional wellbeing, results of mediation analyses highlight possible
pathways. There was a significant mediated effect through recent
health service use, on the relationship between multimorbidity and
mental health functioning, for individuals in both the Vascular-
Inflammatory and Respiratory classes. This finding corroborated the
hypothesis that prior health care use would mediate the
multimorbidity~-HRQoL association negatively, reflecting personal
frustrations, and health system hassles that have been reported in the
international literature (9) among primary care patients with prevalent
multimorbidity. A small, yet statistically significant mediated effect
through public insurance coverage was also observed, indicating that
enrolment in either the NHF or JADEP was associated with lower
physical functioning. This finding may reflect a limitation of cross-
sectional analyses which challenge temporal ordering of exposure and
outcome, as it is not clear why access to medications would
be associated with lower physical functioning. One possible
explanation lies in the nature of these government subsidized
programs, where the JADEP caters to populations over the age of
60years (where physical limitations are more common) while the
NHEF is a needs-based program with enrolment conditional on the
confirmed diagnosis of disease. It is thus likely that persons seek the
benefits of these programs after their illnesses have reached a more
advanced stage where physical limitations become apparent and
pharmaceutical intervention is more urgent. Findings may also reflect
sub-optimal utilization of the NHF or JADEP programs, as study data
suggest relatively low enrolment, hinting at minimal uptake of benefits
provided by these government schemes. Regardless, this finding
underscores the need for timely access to services and medications to
better support the management of multiple co-existing morbidities
and prevent the accumulation of new ones.

Researchers have suggested that multiple chronic conditions may
act additively or synergistically to adversely affect health outcomes (1,
30, 33). indicate that
multimorbidity (based on disease counts) is positively associated with

Data from middle-income countries

higher levels of healthcare utilisation (34) but inversely associated with
quality-of-life outcomes (35). Further, chronicity of NCDs and the
dynamic nature of health and well-being predispose multimorbid
individuals to negative feedback cycles, where poorer quality of life
outcomes reduce capacity to manage multiple conditions and facilitate
the accumulation of new ones (5). Comprehensive care frameworks
acknowledge HRQoL as a critical patient-related outcome, with
implications for reducing the burden of prevalent conditions and
promoting treatment compliance (36). Minimizing risk of adverse
health outcomes in this vulnerable sub-group of persons with
multimorbidity requires a deeper look into health-seeking behaviours,
coping strategies and the role of enabling factors (e.g., insurance) in
alleviating concerns regarding access to and use of care. While national
efforts to reduce access barriers (i.e., following establishment of the
NHF and JADEP programs) were implemented in 2008, when the
Government of Jamaica abolished user fees in public facilities, the
ensuing increased demand has challenged service quality, with reports
of long wait times, insufficient supplies and inadequate human
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resources, prompting private care-seeking among Jamaicans of all
income groups, including the poorest quintiles (12). In the absence of
systematic research on the role of health system factors on
multimorbidity management and HRQoL outcomes, anecdotal reports
suggest that public health clinics in Jamaica are typically overburdened
with serving large numbers of the population, such that clients
experience difficulty scheduling appointments outside of a usual
3-6month window in addition to challenges concerning inconsistent
drug availability and limited surgical intervention within the public
domain. Future qualitative work would allow for better elaboration of
the personal experiences of Jamaicans with prevalent multimorbidity,
as well as challenges and concerns regarding financial access to services
and medication.

Strengths and limitations

There are several strengths and limitations of this study. At the
time of writing, these data represented the latest available population-
level collection, since results of the JHLS-IIT were not yet available,
and the technical report not finalized. Given that NCDs continue to
dominate the health and economic burden for Jamaica (37), and the
wider Caribbean region (38, 39), findings from this study remain
relevant by providing insights for public health planning, policy, and
clinical intervention. The cross-sectional study design challenges the
temporal ordering assumptions needed for mediation analysis, which
require that the exposure (i.e., multimorbidity) preceded the mediator
(i-e., health system factors) which, in turn, preceded the outcome (i.e.,
scores on the HRQoL subscales). The Bayes’ theorem-based approach
is recommended as a robust technique for modelling the effect of
latent classes on a distal outcome (26), and use of this approach to
examine the distribution of mean PCS-12 and MCS-12 scores,
conditional on class membership, is a strength of this study. Yet, this
model does not allow for statistical control of potential confounders
or formal tests of mediation. Further, while the maximum probability
assignment method has been widely used throughout the literature to
estimate the associations between latent class membership and distal
outcomes and has been noted to produce less biased estimates
compared to other classify-analyze approaches, this method fails to
account for uncertainty in class membership (26). Simulation studies
indicate that maximum probability assignment approaches often
attenuate effects of the exposure on the outcome (26), suggesting that
the impact of multimorbidity patterns on HRQoL outcomes may
be even greater than estimated here. These limitations must be borne
in mind in interpretation of the results.

Limitations in the definition and measurement of indicators must
also be considered. Ideally, health service use would have been
operationalized using a measure reflecting the number of visits made
within a specified period, to better capture frequency of use and the
increased service utilization that has come to be associated with
multimorbidity. The recent health care service use indicator used in
this study was a convenience measure (based on a blood pressure
measurement by a health professional in the past 6 months), with
selection determined by JHLS-II questionnaire availability. Limitations
of this binary indicator are acknowledged, including failure to capture
the type of health care service used (e.g., primary, secondary, and
tertiary), the purpose of the visit (i.e., routine vs. emergency
consultation) or the number of health visits made within a given time
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period. In addition, few indicators were dichotomized based on
arbitrary cut-points (e.g., top 60% vs. bottom 40% wealth quintile).
Further, despite inclusion of several covariates deemed relevant,
residual confounding due to omission of potentially important social
(e.g., social support), disease-related (e.g., severity of diseases, number
of medications being used), and health system (e.g., quality of care,
hospitalization) factors, beyond those included in the study, may have
occurred. Studies note that important factors impacting the
multimorbidity~-HRQoL relationship may include the presence of
coexisting acute conditions, time since diagnosis of chronic diseases,
and the prognosis of health conditions (1). These variables were not
available in the dataset and not accounting for them could have
potentially biased the effect estimates observed here.

Conclusion

This study identified differential effects of specific combinations
of diseases on HRQoL outcomes, demonstrating the clinical utility
and epidemiological value of latent classes (i.e., multimorbidity
patterns) in estimating risk of poor mental and physical functioning,
and highlighting health system factors that represent opportunities for
intervention. In order to better tailor interventions to support
management of multiple conditions, additional research is needed to
further elaborate personal experiences with healthcare and examine
how health system factors reinforce and/or mitigate positive health-
seeking behaviours, including timely use of health services.
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