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The relationship between the
Charlson Comorbidity Index and
anorexia in older adults: the
mediating role of depressive
symptoms
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Lichong Lai, Jie Peng, Xiaoying Cao, Xiaoling Feng, Zhixin Li,
Haowei Liu, Jingyun Zeng, Huimin Zhou, Dongmei Huang and
Huigiao Huang*

The Second Affiliated Hospital of Guangxi Medical University, Nanning, China

Objective: To examine the association between the Charlson Comorbidity Index
and anorexia of aging and to test whether depressive symptoms mediate this
relationship.

Methods: In November 2024, 382 older adults were recruited from three eco-
nomic regions of Guangxi using multi-stage stratified sampling. Logistic regres-
sion identified risk factors, and a mediation model was constructed to test
whether depressive symptoms mediate the relationship between the Charlson
Comorbidity Index and anorexia of aging.

Results: Anorexia prevalence was 26.7%. Charlson Comorbidity Index was a risk
factor for anorexia of aging (OR = 2.835, 95% Cl| 1.693-4.746), and the PHQ-9
score was also associated with anorexia (OR = 1.179, 95% Cl = 1.077-1.291). The
indirect effect via PHQ-9 accounted for 17.8% of the total effect; when depres-
sion was dichotomised, the mediated proportion was 12.3%.

Conclusion: Comorbidity burden increases the risk of anorexia of aging directly
and indirectly by inducing depressive symptoms. Simultaneous management of
chronic diseases and negative affect is warranted to prevent anorexia of aging
and its downstream adverse health consequences.

KEYWORDS
anorexia of aging, Charlson Comorbidity Index, depressive symptoms, older adults,
PHQ

1 Introduction

With the global population aging accelerating, preventable health conditions common to
older adults demand urgent attention. One such geriatric syndrome is anorexia of aging (AA),
characterized by a clinically relevant loss of appetite and reduced food intake, not attributable
to acute illness, but intrinsic to the aging process itself (1). AA is multidimensional in origin,
driven by concurrent changes in physiological energy-balance pathways, reward-system neu-
ropsychology, and sociocultural cues for eating (2). Community studies report a prevalence of
3.4-33% (3-6), yet the condition is frequently overlooked or dismissed as “normal” aging,
leading to delayed diagnosis and intervention (7). Beyond impairing quality of life, AA is
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significantly associated with weight loss (8), malnutrition (9), sarco-
penia (10, 11), frailty (3) and increased mortality (9, 12), thereby
imposing substantial health and economic burdens on individuals and
healthcare systems (13).

The pathogenesis of anorexia of aging involves a complex inter-
play of physiological, psychological, and social factors. These include
a decline in appetite-regulating hormones, increased levels of gluca-
gon-like peptides and cholecystokinin, and reduced gastrointestinal
motility (14). Other contributing factors are chronic low-grade
inflammation (15), gut microbiota dysbiosis (13), impaired sensory
functions such as taste and smell (16), and chewing difficulties (8).
Additionally, older age (10), female sex (8), depressive symptoms
(17), living alone (18), low cognitive function (10), smoking (10),
physical inactivity (10), and low socioeconomic status (10, 19) have
also been associated with the development of anorexia in
older adults.

Comorbidity refers to the presence of two or more medical condi-
tions in the same patient, either concurrently or sequentially within a
given time frame (20). It is commonly assessed using the Charlson
Comorbidity Index (CCI). Among patients with chronic diseases,
higher CCI scores are strongly associated with the development of
depressive symptoms (21) and are also significantly linked to anorexia
of aging (18). For instance, gastrointestinal disorders, malabsorption
syndromes, acute and chronic infections, hypermetabolic states, as
well as malignancies and rheumatoid arthritis can all contribute to the
onset of anorexia (22). Anorexia correlates with the Charlson
Comorbidity Index (22, 23). Comorbidities not only exacerbate the
severity of anorexia in older adults but may also increase mortality risk
by compromising overall health status and physical function, leading
to a cascade of adverse outcomes such as malnutrition and immune
dysfunction. However, the exact relationship between CCI and
anorexia of aging remains unclear. Individuals with anorexia are more
likely to develop depression than those without (17), raising the ques-
tion of whether depression mediates the association between CCI and
anorexia.

Therefore, investigating the mediating role of depression in the
relationship between comorbidity burden and anorexia may provide
a scientific basis for the early identification of high-risk individuals
and the development of targeted interventions, ultimately preventing
the chain of adverse health outcomes triggered by anorexia in aging
and promoting healthy aging.

2 Methods
2.1 Participants

A multi-stage stratified sampling strategy was employed in
November 2024.

Stage 1 — Administrative stratification: All cities within Guangxi
Zhuang Autonomous Region were ranked by per-capita GDP and
classified into high, medium, or low economic tertiles. One city (pri-
mary sampling unit, PSU) was randomly selected from each tertile.
Within each selected city, one county and one urban district (second-
ary sampling units, SSU) were chosen by simple random sampling.

Stage 2 - Community selection: One township within the sampled
county and one urban community within the sampled district were
randomly selected as tertiary sampling units (TSU).
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Stage 3 —Participant recruitment: To recruit older adults, we col-
laborated with local community health service centers in each selected
township and urban community. Complete lists of permanent resi-
dents aged 60 years and above were obtained from their administra-
tive records, and potential participants were selected using simple
random sampling. Invitation methods included telephone contact; for
residents without telephone access or who could not be reached by
phone, trained community health workers conducted home visits to
extend invitations. Data collection was conducted at the local com-
munity health service centers. Prior to participation, each participant
was provided with detailed information regarding the study purpose,
procedures, potential risks and benefits, confidentiality measures, and
the right to withdraw at any time.

Inclusion: (1) age > 60 years; (2) registered local resident or
having lived in Guangxi for > 6 months; (3) able to communicate ver-
bally and willing to provide written informed consent.

Exclusion: (1) critical illness (e.g., decompensated liver/renal fail-
ure, respiratory failure, advanced malignancy) that precluded inter-
view; (2) withdrawal before completion of all assessments.

The prevalence of anorexia of aging among community-dwelling
older adults ranges from 3.4 to 33%. Based on the sample size formula:
n=_Z2z%xP(1-P)/& a=0.05, Z =196, § = 0.05, the calculated sample
size was 340. After accounting for a 10% non-response or invalid ques-
tionnaire rate, the target sample size was 378. A total of 382 valid
questionnaires were obtained. All participants provided informed
consent. The study was approved by the Research Ethics Committee
of the Second Affiliated Hospital of Guangxi Medical University
(approval No. 2023-KY-0905).

2.2 Measurement
2.2.1 CCl measurement

The Charlson Comorbidity Index (CCI) is a validated instrument
for quantifying the burden of comorbid disease in clinical and epide-
miological research (24). This index assesses the health burden of
patients by considering the number and severity of various chronic
diseases. With the development of medicine, the Charlson Index has
been revised and now includes a variety of chronic diseases, such as
chronic lung disease, rheumatism, diabetes with chronic complica-
tions, kidney disease, congestive heart failure and liver disease (25). In
this study, trained interviewers administered a standard medical-
history questionnaire. CCI covers chronic conditions relevant to older
adults, and has been widely used in geriatric research examining the
relationship between physical health and psychological outcomes,
making it particularly suitable for community-based surveys in this
population. Participants responded to the item “Has a doctor ever
diagnosed you with any of the following conditions?” Unchecked or
missing items were coded as “absent” and assigned a weight of 0. Total
CCI scores were computed for each participant and then dichot-
omised for analysis: CCI = 0 (no comorbidity) and CCI > 0 (at least
one comorbidity).

2.2.2 Depression measurement
The 9-item Patient Health Questionnaire (PHQ-9) is a validated
screening instrument for depressive symptoms. Each item corre-

sponds to one DSM-5 criterion and is scored 0-3 according to the
frequency of the symptom during the previous 2 weeks: 0 = “not at
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all 1 = “several days,” 2 = “more than half the days,” 3 = “nearly every
day” Total scores range from 0 to 27; higher scores indicate greater
symptom severity. Consistent with standard cut-offs, participants with
a total score > 5 were classified as having probable depression (26).
The PHQ-9 has demonstrated good reliability and validity in both
older adult populations and Chinese populations. Its 9-item format
maintains strong psychometric properties while minimizing respon-
dent burden, making it particularly suitable for community-based
surveys with older adults.

2.2.3 Anorexia of aging measurement

The Simplified Nutritional Appetite Questionnaire (SNAQ) is a
validated 4-item tool designed to screen for anorexia in older adults
(27). Each item is scored 1-5, yielding a total range of 4-20; higher
scores denote better appetite. Following the established cut-off, par-
ticipants with a total score < 14 were classified as having anorexia and
considered at high risk of malnutrition (27). The SNAQ has a brief
format suitable for community-based surveys in older adults.

2.3 Covariates

This study collected comprehensive baseline characteristics: age,
sex, residence, education, marital status, monthly income, smoking
and alcohol history, weekly physical-exercise frequency, anthropomet-
ric measures (height, weight, waist, mid-upper arm and calf circum-
ferences, grip strength), and cognitive function.

2.4 Statistical analysis

Data were analyzed with SPSS 25.0 and R 4.3.0. Continuous vari-
ables were expressed as mean + SD or median (inter-quartile range)
according to distribution, and categorical variables as # (%). Normality
was examined with the Shapiro-Wilk test. Group comparisons were
performed with the y* or Fisher’s exact test for categorical variables,
one-way ANOVA for normally distributed continuous variables, and
the Kruskal-Wallis test for skewed variables. Logistic regression was
applied to identify factors associated with anorexia after adjusting for
age, Frequency of physical exercise per week, Arm circumference, hip
circumference, Calf circumference, BMI (kg/m?), Grip strength, and
cognitive function. The mediation package in R was used to test
whether depressive symptoms mediated the association between CCI
and anorexia. Bias-corrected 95% confidence intervals for the indirect
effect were estimated using 5,000 bootstrap resamples; significance
was assumed if the CI did not include zero. A two-sided p-value of less
than 0.05 was considered statistically significant.

3 Results
3.1 Basic characteristics of the participants

A total of 382 participants were included and classified by anorexia
status (Table 1). Anorexia was present in 102 individuals (26.7%).
Compared with those without anorexia, participants with primary-
school education or below accounted for 56.9% of the anorexia group,
and the proportion was similarly high in those without a fixed income.
Exercise frequency was significantly associated with appetite loss:
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43.1% of participants exercising > 3 times per week had anorexia.
Anthropometric measurements were lower in the anorexia group for
upper-arm circumference, hip circumference, BMI, calf circumference
and grip strength. Depressive symptoms were present in 32.4% of par-
ticipants with anorexia. Cognitive impairment was also more frequent
in this group (p < 0.05).

In the fully adjusted model, both the Charlson Comorbidity Index
(OR =2.835[1.693, 4.746]) and the PHQ-9 score (OR = 1.179 [1.077,
1.291]) were independent risk factors for anorexia (Tables 2, 3).

3.2 Analysis of mediation effects

Based on the previous analysis, we examined whether depressive
symptoms mediate the association between the CCI and anorexia of
aging. After adjustment for confounders, mediation analysis showed
a significant indirect effect via PHQ-9 score, with a coefficient of 0.032
(95% CI 0.009-0.059), accounting for 17.78% of the total effect. In the
depression-mediated model, the total effect of CCI on anorexia of
aging was 0.179 (95% CI 0.091-0.264), and the direct effect was 0.156
(95% CI 0.069-0.238). Thus, 12.33% of the total effect was mediated
by depression, and the indirect effect remained statistically significant
(Table 4 and Figure 1).

4 Discussion

This study aimed to examine the associations among the Charlson
Comorbidity Index, depressive symptoms, and anorexia in older
adults, and to investigate whether depressive symptoms mediate the
relationship between Charlson Comorbidity Index and anorexia.
Higher Charlson Comorbidity Index was a risk factor for anorexia,
and depressive symptoms mediated 12.33% of the total effect.

This study found that the Charlson Comorbidity Index (CCI) is
an important risk factor for anorexia in the elderly. The CCI covers a
variety of disease states, among which cancer (28), chronic kidney
disease (29), chronic heart failure (30) are common causes of anorexia
in older adults. These diseases can reduce appetite by inducing mecha-
nisms such as gastroparesis (31). In addition, chronic diseases are
often accompanied by persistent systemic inflammatory responses;
studies have shown that elevated levels of inflammatory markers such
as interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a) and
C-reactive protein (CRP) can interfere with central appetite regulation
(32). Chronic inflammation can also suppress appetite pathways by
altering tryptophan metabolism and serotonergic activity, further
leading to appetite loss (33). The polypharmacy required to manage
multiple chronic diseases may cause adverse reactions such as nausea,
dry mouth, and constipation, further exacerbating anorexia symptoms
(34, 35). In summary, the combined effects of the diseases themselves
and their treatment-related factors increase the risk of anorexia in the
elderly.

This study examined the mediating role of depressive symptoms
in the relationship between the Charlson Comorbidity Index and
anorexia of aging. The results showed that depression acted as a partial
mediator, suggesting that CCI may contribute to depressive symp-
toms, which in turn reduce appetite. The link between depression and
appetite loss may be explained by several synergistic physiological
mechanisms. Literature indicates that depression is associated with
dysregulation of the neuroendocrine and autonomic nervous systems,
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TABLE 1 Basic characteristics of participants and one-factor analysis.

Variables

Total [n = 382 (%)]

Anorexia [n (%)]

Yes

No

10.3389/fnut.2026.1753095
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Age (years) 7.550 0.023

60-69 years 156 (40.8%) 30 (29.4%) 126 (45.0%)

70-79 years 143 (37.4%) 45 (44.1%) 98 (35.0%)

>80 years 83 (21.7%) 27 (26.5%) 56 (20.0%)

Residence 0.403 0.525

City 177 (46.3%) 50 (49.0%) 127 (45.4%)

Rural 205 (53.7%) 52 (51.0%) 153 (54.6%)

Gender 0.002 0.969

Male 123 (32.2%) 33 (32.4%) 90 (32.1%)

Female 259 (67.8%) 69 (67.6%) 190 (67.9%)

Marital status 0.811 0.368

Married 267 (69.9%) 70 (68.6%) 197 (70.4%)

No married 115 (30.1%) 32(31.4%) 83 (29.6%)

Living arrangements 0.025 0.874

Cohabitation 335 (87.7%) 89 (87.3%) 246 (87.9%)

Living alone 47 (12.3%) 13 (12.7%) 34 (12.1%)

Educational period 6.18 0.103

Primary education or below 204 (53.4%) 58 (56.9%) 146 (52.1%)

Junior high school 96 (25.1%) 30 (29.4%) 66 (23.6%)

High school/Secondary vocational school 64 (16.8%) 12 (11.8%) 52 (18.6%)

College degree or above 18 (4.7%) 2 (2.0%) 16 (5.7%)

Per-capita monthly income 6.033 0.110

No fixed income 140 (36.6%) 46 (45.1%) 94 (33.6%)

<1,000 CNY 107 (28.0%) 24 (23.5%) 83 (29.6%)

1,000-3,000 CNY 66 (17.3%) 19 (18.6%) 47 (16.8%)

>3,001 CNY 69 (18.1%) 13 (12.7%) 56 (20.0%)

Frequency of physical exercise per

week 32.841 <0.001

0 times/week 79 (20.7%) 31 (30.4%) 48 (17.1%)

1-2 times/week 53 (13.9%) 27 (26.5%) 26 (9.3%)

>3 times/week 250 (65.4%) 44 (43.1%) 206 (73.6%)

Smoking status 0.171 0.918

Current smokers 40 (10.5%) 10 (9.8%) 30 (10.7%)

Non-smokers 329 (86.1%) 89 (87.3%) 240 (85.7%)

Former smokers 13 (3.4%) 3(2.9%) 10 (3.6%)

Drinking status 4.519 0.104

Current drinkers 38(9.9%) 5(4.9%) 33(11.8%)

Non-drinkers 334 (87.4%) 94 (92.2%) 240 (85.7%)

Former drinkers 10 (2.6%) 3(2.9%) 7 (2.5%)

Anthropometry

Arm circumference (cm) 26.0 (24.0, 28.0) 25.0 (23.0, 28.0) 26.0(24.0, 29.0) —2.818 0.005

Waist circumference (cm) 84.0 (78.0, 90.0) 83.0 (78.0, 88.0) 85.0 (78.0, 90.0) —1.421 0.155

Hip circumference (cm) 93.0 (88.0, 98.0) 92.0 (86.0, 96.3) 93.5 (88.0, 98.0) -1.978 0.048
(Continued)
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TABLE 1 (Continued)

Variables

Total [n = 382 (%)]

Anorexia [n (%)]

Yes

\[e}

10.3389/fnut.2026.1753095

Calf circumference (cm) 31.0 (28.0, 34.0) 30.0 (28.0, 33.0) 31.8 (29.0, 34.8) —3.069 0.002
BMI (kg/m?) 22.7 (20.0, 24.8) 22.1(19.3,24.4) 22.9 (20.4, 25.0) -2.029 0.042
Grip strength (kg) 20.2 (14.8,25.9) 18.2 (124, 22.6) 21.0 (15.7,26.7) -3.303 <0.001
Charlson Comorbidity Index 15.028 <0.001
=0 254 (66.5%) 52 (51.0%) 202 (72.1%)

>0 128 (33.5%) 50 (49.0%) 78 (27.9%)

Cognitive function 9.821 0.002
No 247 (64.7%) 53 (52.0%) 194 (69.3%)

Yes 135 (35.3%) 49 (48.0%) 86 (30.7%)

Depressive symptom:- 29.124 <0.001
No 322 (84.3%) 69 (67.6%) 253 (90.4%)

Yes 60 (15.7%) 33 (32.4%) 27 (9.6%)

PHQ-9 1.0 (0.0, 3.0) 3.0 (1.0, 5.0) 1.0 (0.0, 3.0) —5.699 <0.001

Data are presented as mean + standard deviation, or percentage (%).

BMLI: ratio of weight to height squared, PHQ-9: Patient Health Questionnaire-9, p-values < 0.05 are considered statistically significant.

TABLE 2 Regression analysis of the Charlson Comorbidity Index and anorexia.

Variable Non- Adjust | Adjust Il

adjusted

Charlson Comorbidity Index

=0 ref ref ref
2.490 (1.560, 2.750 (1.663, 2.835 (1.693,
>0 3.976)%** 4.548)% % 4.746)%**

Adjust I: Adjusted for Age, Frequency of physical exercise per week, Adjust II: Adjusted for
Age, Frequency of physical exercise per week, Arm circumference, Hip circumference, Calf
circumference, BMI (kg/m?), Grip strength, Cognitive function. ***p < 0.001.

TABLE 3 Regression analysis of depression, Patient Health Questionnaire-9 scores and

anorexia.

Variable Non- Adjust | Adjust Il

adjusted

Depression

No ref ref ref

Yes 4.481 (2.524, 3.504 (1.910, 2.998 (1.588,
7.957)% %% 6.428)%#* 5.659)***

PHQ-9 1.246 (1.147, 1.204 (1.105, 1.179 (1.077,
1.355)%#* 1.312)%%* 1.291)%#*

Adjust I: Adjusted for Age, Frequency of physical exercise per week, Adjust II: Adjusted for
Age, Frequency of physical exercise per week, Arm circumference, Hip circumference, Calf
circumference, BMI (kg/m?), Grip strength, Cognitive function. ***p < 0.001.

as well as alterations in brain reward circuits, all of which can suppress
appetite (31, 36). Depression is also linked to immune activation and
elevated levels of pro-inflammatory cytokines (37). These inflamma-
tory factors can overactivate indoleamine 2, 3-dioxygenase (a key
enzyme in the kynurenine pathway), leading to decreased serotonin
levels in the tryptophan-serotonin (5-HT) pathway. Serotonin is an
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important neurotransmitter involved in mood regulation; its reduc-
tion can exacerbate depression, and contribute to anorexia (38, 39). At
the behavioral level, depressed individuals often exhibit behavioral
characteristics such as weakened interest in food and decreased moti-
vation to eat. These changes may also jointly contribute to the occur-
rence of anorexia. In conclusion, this study provides a new perspective
for understanding anorexia of aging.

Psychological factors also contribute to anorexia in older adults.
The eating disorder research has identified the phenomenon of the
“eating disorder voice”—an internal dialog perceived by individuals
as both protective and comforting, yet simultaneously controlling
and intrusive. This voice often becomes a dominant psychological
force, even perceived as more powerful than the individual’s own
willpower, creating a constant struggle in which the person depends
on it for emotional support while simultaneously desiring to escape
its oppression (40). Patients commonly experience this voice as an
external controller that reinforces restrictive eating through critical
comments while offering a false sense of safety that prevents recov-
ery. Closely related to this internal voice is the deficit in emotion
regulation. Xiao et al. (41) found that emotion regulation difficulties
significantly predicted eating disorder symptoms 1 year later in
Chinese older adults, with “difficulty controlling impulses in nega-
tive emotional states” particularly associated with restrictive eating.
For older adults with chronic diseases, illness-induced distress may
trigger negative emotions; lacking effective emotion regulation
strategies, individuals may use restrictive eating to obtain tempo-
rary emotional relief (42)— a mechanism that may mutually rein-
force the internal critical voice: when the voice criticizes the self,
negative emotions are activated; if these emotions cannot be regu-
lated, individuals are more likely to submit to the voice’s commands.
For older adults with multiple chronic conditions, the eating disor-
der voice may provide a sense of control amid chronic disease
uncertainty (43); it may also reinforce restrictive eating patterns
and exacerbate nutritional deficits.
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TABLE 4 Mediation analysis of PHQ-9 score and depressive symptoms in older adults.

10.3389/fnut.2026.1753095

Independent Mediator Total effect Direct effect Mediation effect Mediation
proportions
Charlson Comorbidity Index PHQ-9 0.177 (0.091, 0.146 (0.059, 0.032 (0.009, 0.059)** 17.78
0.266) %% 0.230)%#*
Depression 0.179 (0.091, 0.156 (0.069, 0.023 (0.004, 0.053)* 12.33
0.264) %% 0.238)%#%

Cognitive function. *p < 0.05, **p < 0.01, ***p < 0.001.

PHQ-9: Patient Health Questionnaire-9. Adjusted for Age, Frequency of physical exercise per week, Arm circumference, Hip circumference, Calf circumference, BMI (kg/m2), Grip strength,

FIGURE 1

ACME=0.023
Proportion Mediated=12.33%
M
Depression
X ADE=0.156
Charlson comorbidity —» A Y "
; orexia
Index Total effect=0.179
ACME=0.032
Proportion Mediated=17.78%
M
PHQ9
X ADE=0.146
Charlson comorbidity > ¥ ;
index Anorexia

Total effect=0.177

Mediation effect pattern diagram for assessing the mediation effect of depression after adjustment.

Eating is inherently a social activity in Chinese culture, where shar-
ing a meal is not only a process of nutritional intake but also a vehicle
for emotional connection (44). Studies have shown that loneliness is
associated with decreased appetite in older adults (45, 46). Social isola-
tion and loneliness have been recognized as risk factors for the physical
and mental health of older adults. Loneliness and social isolation are
not merely consequences of poor health but can also influence physi-
ological processes and health behaviors, including eating behavior (47).
For older adults with chronic diseases, reduced mobility and shrinking
social networks may disrupt established meal-sharing habits, trans-
forming eating from a social activity into a solitary routine, thereby
diminishing the sensory pleasure and motivation to eat. Loneliness
may weaken one’s sense of purpose in life (48), reducing the willingness
to prepare meals and maintain regular eating patterns. This state of
“solitary eating” may further activate the inner critical voice.
Furthermore, stigma is a significant psychological barrier that prevents
older adults from seeking help. Older adults commonly perceive eating
disorders as a “young person’s problem,” feel ashamed of their own
eating difficulties, and lack confidence in whether medical

Frontiers in Nutrition

professionals can understand their issues. This may lead to the long-
term neglect of anorexia symptoms (49), delaying timely intervention.

This study has several limitations. First, the cross-sectional design
precludes establishing causal relationships among the Charlson
Comorbidity Index, depression, and anorexia; prospective cohort
studies or randomized controlled trials are needed to clarify these
pathways. Second, the sample size was relatively small and restricted
to Guangxi, which may limit the generalizability of the findings; future
studies should enroll larger, multi-region populations. Third, depres-
sion and anorexia were assessed by self-report questionnaires, intro-
ducing potential subjective bias; integrating multiple instruments and
objective measures could enhance measurement accuracy.

5 Conclusion

The Charlson Comorbidity Index is significantly associated
with anorexia in older adults, with depressive symptoms playing
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a partial mediating role. The findings suggest that physical comor-
bidity and mental health interact in the elderly, with depression
potentially playing a key role in the onset and progression of
anorexia. Therefore, focusing on both physical and mental health
may help improve understanding and management of anorexia in
older adults.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Research
Ethics Committee of the Second Affiliated Hospital of Guangxi
Medical University (approval no. 2023-KY-0905). The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed con-
sent to participate in this study.

Author contributions

HW: Data curation, Investigation, Writing - review & editing,
Writing - original draft. PD: Investigation, Data curation, Writing —
original draft. YC: Investigation, Data curation, Writing — original
draft. PH: Investigation, Writing — original draft, Data curation. LL:
Writing - review & editing, Investigation. JP: Writing — review & edit-
ing, Investigation. XC: Writing - review & editing, Investigation. XF:
Writing — review & editing, Investigation. ZL: Writing — review &
editing, Investigation. HL: Investigation, Writing — review & editing.
JZ: Writing - review & editing, Investigation. HZ: Investigation,
Writing - review & editing. DH: Supervision, Conceptualization,
Methodology, Writing - review & editing. HH: Funding acquisition,
Project administration, Resources, Writing — review & editing,
Supervision.

References

1. De Souto Barreto P, Cesari M, Morley JE, Gonzalez-Bautista E, Rolland Y, Azzolino D,
et al. Assessment and management of appetite loss in older adults: an Icfsr task force
report. J Frailty Aging. (2023) 12:1-6. doi: 10.14283/jfa.2022.64

2. Cox NJ. Consequences of anorexia of aging in hospital settings: an updated review. Clin
Interv Aging. (2024) 19:451. doi: 10.2147/Cia.S431547

3. Tsutsumimoto K, Doi T, Makizako H, Hotta R, Nakakubo S, Makino K, et al. Aging-
related anorexia and its association with disability and frailty. J Cachexia Sarcopenia
Muscle. (2018) 9:834-43. doi: 10.1002/jcsm.12330

4. van der Meij BS, Wijnhoven HA, Lee JS, Houston DK, Hue T, Harris TB, et al. Poor

appetite and dietary intake in community-dwelling older adults. ] Am Geriatr Soc. (2017)
65:2190. doi: 10.1111/jgs.15017

5. Buhl SE, Beck AM, Christensen B, Kock G, Boyle E, Caserotti P. Prevalence of low
protein intake in 80+—year-old community-dwelling adults and association with dietary
patterns and modifiable risk factors: a cross-sectional study. Br ] Nutr. (2022) 127:266-77.
doi: 10.1017/S0007114521000799

6. Senoo S, Iwasaki M, Kimura Y, Kakuta S, Masaki C, Wada T, et al. Combined effect of
poor appetite and low masticatory function on sarcopenia in community-dwelling

Frontiers in Nutrition

10.3389/fnut.2026.1753095

Funding

The author(s) declared that financial support was received for this
work and/or its publication. This study was supported by the Research
Project on Modern Hospital Management (14CF2024003-2).

Acknowledgments

The authors would like to thank all of the older adults and
researchers who participated in this survey.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

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.

Japanese adults aged > 75 years: a 3-year cohort study. ] Oral Rehabil. (2020) 47:643-50.
doi: 10.1111/joor.12949

7. Sanford AM. Anorexia of aging and its role for frailty. Curr Opin Clin Nutr Metab Care.
(2017) 20:54. doi: 10.1097/Mco.0000000000000336

8. Scheufele P, Rappl A, Visser M, Kiesswetter E, Volkert D. Characterisation of commu-
nity-dwelling older adults with poor appetite. Eur J Nutr. (2023) 62:1991-2000. doi:
10.1007/s00394-023-03129-5

9. Fielding RA, Landi F, Smoyer KE, Tarasenko L, Groarke J. Association of
anorexia/appetite loss with malnutrition and mortality in older populations: a
systematic literature review. ] Cachexia Sarcopenia Muscle. (2023) 14:706-29. doi:
10.1002/jcsm.13186

10. Tsutsumimoto K, Doi T, Nakakubo S, Kim M, Kurita S, Ishii H, et al. Association
between anorexia of ageing and sarcopenia among Japanese older adults. J Cachexia
Sarcopenia Muscle. (2020) 11:1250-7. doi: 10.1002/jcsm.12571

11. Ishimoto T, Fujimoto T, Matsudaira N, Yamamoto N, Hayashi H, Hisamatsu K, et al.
Association between anorexia as assessed by simplified nutritional appetite questionnaire
and sarcopenia in community-dwelling older adults using outpatient rehabilitation: a

frontiersin.org


https://doi.org/10.3389/fnut.2026.1753095
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.14283/jfa.2022.64
https://doi.org/10.2147/Cia.S431547
https://doi.org/10.1002/jcsm.12330
https://doi.org/10.1111/jgs.15017
https://doi.org/10.1017/S0007114521000799
https://doi.org/10.1111/joor.12949
https://doi.org/10.1097/Mco.0000000000000336
https://doi.org/10.1007/s00394-023-03129-5
https://doi.org/10.1002/jcsm.13186
https://doi.org/10.1002/jcsm.12571

Wu et al.

cross-sectional study. Clinical Nutrition Espen. (2024) 59:176-80. doi: 10.1016/j.
clnesp.2023.12.010

12. Dagenais S, Clark S, Fielding RA, Cantu C, Prasad S, Dai F, et al. Risk of mortality in
older adults with loss of appetite: An analysis of Medicare fee-for-service data. ] Nutr
Health Aging. (2024) 28:100035. doi: 10.1016/j.jnha.2023.100035

13. Cox NJ, Morrison L, Ibrahim K, Robinson SM, Sayer AA, Roberts HC. New horizons
in appetite and the anorexia of ageing. Age Ageing. (2020) 49:526-34. doi: 10.1093/
ageing/afaa014

14. Picca A, Calvani R, Coelho-Junior HJ, Landi F, Marzetti E. Anorexia of aging: meta-
bolic changes and biomarker discovery. Clin Interv Aging. (2022) 17:1761-7. doi: 10.2147/
Cia.5325008

15. Dwarkasing JT, Marks DL, Witkamp RE, van Norren K. Hypothalamic inflammation
and food intake regulation during chronic illness. Peptides. (2016) 77:60-6. doi: 10.1016/j.
peptides.2015.06.011

16. Seubert J, Laukka EJ, Rizzuto D, Hummel T, Fratiglioni L, Bickman L, et al.
Prevalence and correlates of olfactory dysfunction in old age: a population-based study.
] Gerontol Ser A Biol Med Sci. (2017) 72:1072-9. doi: 10.1093/gerona/glx054

17. Aprahamian I, Romanini CV, Lima NA, An VN, Aguirre BN, Galdeano JR, et al.
The concept of anorexia of aging in late life depression: a cross-sectional analysis of
a cohort study. Arch Gerontol Geriatr. (2021) 95:104410. doi: 10.1016/j.
archger.2021.104410

18. Landi E Liperoti R, Lattanzio E Russo A, Tosato M, Barillaro C, et al. Effects of
anorexia on mortality among older adults receiving home care: An observational study.
J Nutr Health Aging. (2012) 16:79-83. doi: 10.1007/s12603-011-0064-y

19. Hung Y, Wijnhoven HAH, Visser M, Verbeke W. Appetite and protein intake strata
of older adults in the European Union: socio-demographic and health characteristics,
diet-related and physical activity Behaviours. Nutrients. (2019) 11:777. doi: 10.3390/
null040777

20. Aubry EM, Oelhafen S, Fankhauser N, Raio L, Cignacco EL. Adverse perinatal out-
comes for obese women are influenced by the presence of comorbid diabetes and hyper-
tensive disorders. Sci Rep. (2019) 9:9793. doi: 10.1038/s41598-019-46179-8

21. Liu X, Zheng W, Sun Y, Li Y, Pan Y, Wang K, et al. Exploring the mediating role of
Charlson comorbidity index in the association between body mass index and depression
in US. adults: Nhanes 2007-2020. Prev Med. (2025) 194:108273. doi: 10.1016/j.
ypmed.2025.108273

22. Thai BD, Bauer JM, Eidam A, Durga J, Grund S, Mross T, et al. Validation of a tele-
phone-based administration of the simplified nutritional appetite questionnaire. J
Cachexia Sarcopenia Muscle. (2023) 14:1848. doi: 10.1002/jcsm.13264

23. Bossola M, Di Stasio E, Rosa F, Dominici L, Antocicco M, Pazzaglia C, et al. Appetite
course over time and the risk of death in patients on chronic hemodialysis. Int Urol
Nephrol. (2013) 45:1091-6. doi: 10.1007/s11255-012-0212-2

24. Charlson ME, Carrozzino D, Guidi J, Patierno C. Charlson comorbidity index: a criti-
cal review of Clinimetric properties. Psychother Psychosom. (2022) 91:8-35. doi:
10.1159/000521288

25. Jouffroy R, Parfait PA, Gilbert B, Tourtier JP, Bloch-Laine E, Ecollan P, et al.
Relationship between prehospital modified Charlson comorbidity index and septic
shock 30-day mortality. Am J Emerg Med. (2022) 60:128-33. doi: 10.1016/j.
ajem.2022.08.003

26. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depression sever-
ity measure. ] Gen Intern Med. (2001) 16:606. doi:
10.1046/.1525-1497.2001.016009606.x

27. Wilson MMG, Thomas DR, Rubenstein LZ, Chibnall JT, Anderson S, Baxi A, et al.
Appetite assessment: simple appetite questionnaire predicts weight loss in community-
dwelling adults and nursing home residents. Am J Clin Nutr. (2005) 82:1074-81. doi:
10.1093/ajcn/82.5.1074

28. Donini LM, Poggiogalle E, Piredda M, Pinto A, Barbagallo M, Cucinotta D, et al.
Anorexia and eating patterns in the elderly. PLoS One. (2013) 8:¢63539. doi: 10.1371/
journal.pone.0063539

29. Luis D, Huang X, Sjégren P, Risérus U, Arnlév ], Lindholm B, et al. Renal function
associates with energy intake in elderly community-dwelling men. Br J Nutr. (2014)
111:2184-9. doi: 10.1017/S0007114514000518

Frontiers in Nutrition

08

10.3389/fnut.2026.1753095

30. Invernizzi M, Carda S, Cisari C. Possible synergism of physical exercise and ghrelin-
agonists in patients with cachexia associated with chronic heart failure. Aging Clin Exp
Res. (2014) 26:341-51. doi: 10.1007/s40520-013-0186-7

31. Wysokinski A, Sobéw T, Kloszewska I, Kostka T. Mechanisms of the anorexia of
aging—a review. Age. (2015) 37:9821. doi: 10.1007/s11357-015-9821-x

32. Jiang Y, Deacon R, Anthony DC, Campbell SJ. Inhibition of peripheral Tnf can block
the malaise associated with Cns inflammatory diseases. Neurobiol Dis. (2008) 32:125-32.
doi: 10.1016/j.nbd.2008.06.017

33. Capuron L, Schroecksnadel S, Féart C, Aubert A, Higueret D, Barberger-Gateau P,
et al. Chronic low-grade inflammation in elderly persons is associated with altered tryp-
tophan and tyrosine metabolism: role in neuropsychiatric symptoms. Biol Psychiatry.
(2011) 70:175-82. doi: 10.1016/j.biopsych.2010.12.006

34. Jadczak AD, Visvanathan R. Anorexia of aging-an updated short review. ] Nutr Health
Aging. (2019) 23:306-9. doi: 10.1007/s12603-019-1159-0

35. Landi E, Calvani R, Tosato M, Martone A, Ortolani E, Savera G, et al. Anorexia of
aging: risk factors, consequences, and potential treatments. Nutrients. (2016) 8:69. doi:
10.3390/nu8020069

36. Salazar-Robles E, Lerma A, Calderén-Judrez M, Ibarra A, Pérez-Grovas H, Bermudez-
Aceves LA, et al. Assessment of factors related to diminished appetite in hemodialysis
patients with a new adapted and validated questionnaire. Nutrients. (2021) 13:1371. doi:
10.3390/nu13041371

37. Andréasson A, Arborelius L, Erlanson-Albertsson C, Lekander M. A putative role for
cytokines in the impaired appetite in depression. Brain Behav Immun. (2007) 21:147-52.
doi: 10.1016/j.bbi.2006.08.002

38. Pastis I, Santos MG, Paruchuri A. Exploring the role of inflammation in major depres-
sive disorder: beyond the monoamine hypothesis. Front Behav Neurosci. (2024)
17:1282242. doi: 10.3389/fnbeh.2023.1282242

39. Tan Y, Xu M, Lin D. Review of research progress on intestinal microbiota based on
metabolism and inflammation for depression. Arch Microbiol. (2024) 206:146-11. doi:
10.1007/s00203-024-03866-z

40. Tragantzopoulou P, Mouratidis C, Paitaridou K, Giannouli V. The Battle within: a
qualitative Meta-synthesis of the experience of the eating disorder voice. Healthcare.
(2024) 12:2306. doi: 10.3390/healthcare12222306

41. Xiao Y, Wang P, Barnhart WR, Chen C, Ji F, Nagata JM, et al. Exploring prospective
relationships of emotion regulation difficulties with eating disorder psychopathology and
eating-related psychosocial impairment among older adults in China. Eur Eat Disord Rev.
(2026) 34:240-55. doi: 10.1002/erv.70026

42. Evers C, Marijn Stok E De Ridder DTD. Feeding your feelings: emotion regulation
strategies and emotional eating. Personal. Soc. Psychol. Bull. (2010) 36:792-804. doi:
10.1177/0146167210371383

43. Mitchell JS, Huckstepp T, Allen A, Louis PJ, Anijarv TE, Hermens DEF. Early adaptive
schemas, emotional regulation, and cognitive flexibility in eating disorders: subtype spe-
cific predictors of eating disorder symptoms using hierarchical linear regression. Eat
Weight Disord. (2024) 29:54. doi: 10.1007/s40519-024-01682-4

44. Tsang JPY, Cheung DSK, Liu JYW. Social factors, dietary intake and the nutritional
status of community-dwelling Chinese older adults: a scoping review. Nutrients. (2025)
17:2019. doi: 10.3390/nu17122019

45. Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D. Loneliness and social
isolation as risk factors for mortality: a meta-analytic review. Perspect Psychol Sci. (2015)
10:227-37. doi: 10.1177/1745691614568352

46. Hanna K, Cross J, Nicholls A, Gallegos D. The association between loneliness or social
isolation and food and eating behaviours: a scoping review. Appetite. (2023) 191:107051.
doi: 10.1016/j.appet.2023.107051

47. Tragantzopoulou P, Giannouli V. Social isolation and loneliness in old age: exploring
their role in mental and physical health. Psychiatrike = Psychiatriki. (2021) 32:59-66. doi:
10.22365/jpsych.2021.009

48. Mak W, Sorensen S. Loneliness and purpose in life are important predictors for future
care planning. Innov Aging. (2020) 4:320. doi: 10.1093/geroni/igaa057.1024

49. Chalmers N, Ahonen TN, Shirley L. The role of stigma in older adults’ beliefs about
and attitudes towards eating disorders and help seeking. Fpop Bull. (2025) 1:36-43. doi:
10.53841/bpsfpop.2025.1.170.36

frontiersin.org


https://doi.org/10.3389/fnut.2026.1753095
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.clnesp.2023.12.010
https://doi.org/10.1016/j.clnesp.2023.12.010
https://doi.org/10.1016/j.jnha.2023.100035
https://doi.org/10.1093/ageing/afaa014
https://doi.org/10.1093/ageing/afaa014
https://doi.org/10.2147/Cia.S325008
https://doi.org/10.2147/Cia.S325008
https://doi.org/10.1016/j.peptides.2015.06.011
https://doi.org/10.1016/j.peptides.2015.06.011
https://doi.org/10.1093/gerona/glx054
https://doi.org/10.1016/j.archger.2021.104410
https://doi.org/10.1016/j.archger.2021.104410
https://doi.org/10.1007/s12603-011-0064-y
https://doi.org/10.3390/nu11040777
https://doi.org/10.3390/nu11040777
https://doi.org/10.1038/s41598-019-46179-8
https://doi.org/10.1016/j.ypmed.2025.108273
https://doi.org/10.1016/j.ypmed.2025.108273
https://doi.org/10.1002/jcsm.13264
https://doi.org/10.1007/s11255-012-0212-2
https://doi.org/10.1159/000521288
https://doi.org/10.1016/j.ajem.2022.08.003
https://doi.org/10.1016/j.ajem.2022.08.003
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1093/ajcn/82.5.1074
https://doi.org/10.1371/journal.pone.0063539
https://doi.org/10.1371/journal.pone.0063539
https://doi.org/10.1017/S0007114514000518
https://doi.org/10.1007/s40520-013-0186-7
https://doi.org/10.1007/s11357-015-9821-x
https://doi.org/10.1016/j.nbd.2008.06.017
https://doi.org/10.1016/j.biopsych.2010.12.006
https://doi.org/10.1007/s12603-019-1159-0
https://doi.org/10.3390/nu8020069
https://doi.org/10.3390/nu13041371
https://doi.org/10.1016/j.bbi.2006.08.002
https://doi.org/10.3389/fnbeh.2023.1282242
https://doi.org/10.1007/s00203-024-03866-z
https://doi.org/10.3390/healthcare12222306
https://doi.org/10.1002/erv.70026
https://doi.org/10.1177/0146167210371383
https://doi.org/10.1007/s40519-024-01682-4
https://doi.org/10.3390/nu17122019
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1016/j.appet.2023.107051
https://doi.org/10.22365/jpsych.2021.009
https://doi.org/10.1093/geroni/igaa057.1024
https://doi.org/10.53841/bpsfpop.2025.1.170.36

	The relationship between the Charlson Comorbidity Index and anorexia in older adults: the mediating role of depressive symptoms
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Measurement
	2.2.1 CCI measurement
	2.2.2 Depression measurement
	2.2.3 Anorexia of aging measurement
	2.3 Covariates
	2.4 Statistical analysis

	3 Results
	3.1 Basic characteristics of the participants
	3.2 Analysis of mediation effects

	4 Discussion
	5 Conclusion

	Acknowledgments
	References

