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Background: The study aimed to examine the longitudinal relationship between 
depressive symptom trajectories and diabetes onset risk in older adults, with 
particular attention to sex-specific variations.
Methods: Data were drawn from the Health and Retirement Study (HRS) and 
the English Longitudinal Study of Ageing (ELSA). Depressive symptoms were 
measured using CESD-8, and five trajectories were identified: consistently 
low, decreasing, fluctuating, increasing, and consistently high. Symptoms were 
further divided into somatic and cognitive-affective domains. Cox proportional 
hazards models were applied to estimate diabetes onset risk, controlling for 
demographics, health behaviors, and comorbidities. Analyses stratified by sex 
were conducted to assess differential effects.
Results: A total of 8,741 participants aged 50 years and older from both cohorts 
were included. During 10 years of follow-up, increasing (HR = 1.746, 95% CI: 
1.195–2.551, p = 0.004) and consistently high (HR = 1.376, 95% CI: 1.042–1.818, 
p = 0.024) depressive trajectories were associated with greater diabetes risk 
compared with the consistently low group. No significant associations were 
detected for decreasing or fluctuating trajectories. Stronger associations were 
observed in women, including increasing (HR = 2.007, 95% CI: 1.290–3.121, 
p = 0.002) and consistently high (HR = 1.586, 95% CI: 1.161–2.167, p = 0.004) 
patterns. Similar associations were present across both cognitive-affective and 
somatic domains.
Conclusion: Persistent or worsening depressive symptoms serve as significant 
predictors of diabetes onset risk, particularly among women. Both cognitive-
affective and somatic domains contribute independently, emphasizing the 
importance of dynamic mental health surveillance in diabetes prevention.
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1 Introduction

With population aging, diabetes—one of the most prevalent 
chronic conditions—has placed a considerable burden on the health 
and quality of life of middle-aged and older adults (1). According to 
projections from the International Diabetes Federation (IDF), the 
global prevalence of diabetes is expected to rise substantially in the 
coming decades, predominantly affecting these age groups (2). The 
development of diabetes is shaped by multiple factors, with depression 
increasingly recognized as a significant psychological contributor 
linked to its occurrence (3). Large-scale epidemiological studies 
indicate that depression not only frequently coexists with diabetes but 
may also act as an independent risk factor for its onset (4, 5). However, 
the long-term impact of depressive symptom trajectories on diabetes 
risk in middle-aged and older populations remains unclear.

Most existing research has primarily relied on single-point or 
baseline assessments of depression to estimate diabetes risk, using 
static exposure models (6, 7). Such an approach neglects the 
longitudinal course of depressive symptoms in middle-aged and older 
adults, thereby disregarding temporal variation and the cumulative 
impact of emotional distress on metabolic health. Depressive 
symptoms, however, generally follow dynamic trajectories, including 
sustained remission, episodic recurrence, or progressive worsening 
(8). Each trajectory may represent different intensities of psychological 
stress and physiological adaptation, producing variable influences on 
diabetes development (9, 10). Although depression has been 
implicated in metabolic disorders, systematic evaluations of how 
temporal fluctuations in depressive states shape diabetes onset remain 
limited (11). Therefore, analyzing depressive symptom trajectories 
holds considerable public health relevance by clarifying the causal 
association between depression and diabetes and improving 
identification of populations at elevated risk.

Depressive symptoms include diverse emotional disturbances, 
commonly classified into cognitive-affective manifestations (e.g., 
sadness, hopelessness, social withdrawal) and somatic manifestations 
(e.g., diminished energy, sleep disturbances, fatigue) (12). These 
domains capture distinct psychological and physiological facets of 
depression, each potentially exerting differential effects on health 
outcomes (13). Although longitudinal studies have provided valuable 
evidence on the dynamic course of depression, they often treat it as a 
unidimensional construct and lack detailed investigation of its specific 
symptom dimensions (14, 15). A dimensional framework and 
longitudinal tracking of symptom trajectories allow more precise 
evaluation of the predictive value of particular symptom types, thereby 
advancing understanding of the bidirectional relationship between 
mental and metabolic health.

Using long-term data from two large-scale cohorts—the Health 
and Retirement Study (HRS) and the English Longitudinal Study of 
Ageing (ELSA)—the present analysis constructed trajectory-based 
classifications for both overall depressive symptoms and their 
cognitive-affective and somatic dimensions across multiple survey 
waves in middle-aged and older adults. Based on these individualized 
trajectories, subsequent diabetes onset was monitored to systematically 
assess the associations between depression trajectory types and later 
diabetes risk. Furthermore, the moderating role of gender within these 
associations was examined. This investigation clarifies the predictive 
significance of the longitudinal course of depressive symptoms for 
metabolic outcomes, providing an empirical basis for early 

identification and stratified prevention of high-risk individuals in 
aging populations.

2 Methods

2.1 Study population

This study drew upon data from two nationally representative 
longitudinal surveys: the HRS and ELSA (16, 17). Since 1992, the HRS 
has conducted biennial assessments of Americans aged 50 and older, 
collecting extensive information on health, psychological status, 
economic circumstances, and social determinants. Initiated in 2002, 
ELSA adopted a design parallel to that of HRS, based on a British 
national sample, thereby enabling robust cross-national comparisons. 
Both surveys implement stringent sampling procedures and long-
term follow-up, making them highly appropriate for research on aging 
and health. Ethical approval for HRS was obtained from the University 
of Michigan’s Institute for Social Research and Survey Research 
Center, whereas ELSA was approved by the London Multicentre 
Research Ethics Committee. The detailed study design is presented in 
Figure 1.

The analytic sample comprised Waves 4–12 of HRS (1998–2014) 
and Waves 1–9 of ELSA (2002–2018), with Wave 4 of HRS and Wave 
1 of ELSA serving as the baseline. Depression trajectories were 
constructed using HRS Waves 4–7 and ELSA Waves 1–4, allowing 
classification according to temporal patterns of depressive symptoms. 
Subsequent incidence of diabetes was assessed using HRS Waves 8–12 
and ELSA Waves 5–9.

Exclusion criteria were defined as follows: (1) baseline age younger 
than 50 years or missing age data; (2) incomplete depression trajectory 
scores preventing derivation of trajectory indicators; (3) diabetes 
diagnosed prior to or during the trajectory assessment period; and (4) 
absence of follow-up information on diabetes onset. Analytical 
samples that met these conditions were separately established for HRS 
and ELSA, enabling evaluation of main effects and examination of 
cross-national consistency.

2.2 Primary exposures

The depressive symptoms of respondents were evaluated using a 
simplified Center for Epidemiologic Studies Depression (CESD)-8 
Scale, a simplified version of the Center for Epidemiologic Studies 
Depression Scale, administered biennially in both the HRS and ELSA 
cohorts (18). Participants reported the presence of eight symptoms 
experienced in the past week, with affirmative responses assigned one 
point each, resulting in a total score ranging from 0 to 8. Higher scores 
indicated greater severity of depressive symptoms. In line with 
established criteria, a CESD score ≥3 reliably identified significant 
depressive symptoms with acceptable sensitivity and specificity (19, 
20). Based on this threshold, symptoms were further classified into 
cognitive-affective and somatic domains (21). The cognitive-affective 
dimension included three items—“Feeling depressed,” “Feeling lonely,” 
and “Feeling sad”—which reflected psychological distress and low 
mood. The somatic dimension consisted of “Everything was an effort,” 
“Restless sleep,” and “Could not get going,” representing fatigue and 
functional limitation. Each domain was scored independently on a 
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scale of 0 to 3, with scores ≥2 considered clinically meaningful for the 
respective symptom category (22, 23).

Based on longitudinal follow-up data, individual-level trajectories 
were mapped for overall depressive symptoms, cognitive-affective 
symptoms, and somatic symptoms, reflecting the progression of 
depressive states across mid- and long-term periods. Trajectory 
classifications, derived from CESD score patterns across multiple 
follow-up waves, comprised five categories: (1) consistently low—
defined by the absence of high depressive symptoms at all four 
follow-up waves, with persistently subthreshold CESD scores and no 
upward trends; (2) consistently high—characterized by elevated 
depressive symptoms across all waves, with sustained CESD score 
elevation; (3) increasing—identified as nonelevated depressive 
symptoms at baseline or the first two waves, followed by persistently 
elevated symptoms in later waves, suggesting cumulative symptom 
burden; (4) decreasing—marked by elevated depressive symptoms at 
baseline or the first two waves, followed by sustained nonelevated 
symptoms in subsequent waves, indicating symptomatic remission; 
and (5) fluctuating—including trajectories that did not fit the above 
categories, typified by irregular variations in CESD scores without 
consistent directional patterns across the follow-up period.

2.3 Outcomes

During follow-up, participants were asked: “Has a doctor ever told 
you that you have diabetes or high blood sugar?” A diabetes event was 
defined as any self-reported physician diagnosis of diabetes within a 

survey wave, and the first such report was recorded as the event 
occurrence. The outcome time variable was calculated from baseline 
to either the first diabetes report or the end of the last follow-up, 
whichever occurred earlier. For participants without a reported event, 
follow-up time was censored at their final observation.

2.4 Covariates

Baseline covariates were included to control for potential 
confounding, covering demographic and health behavior factors: age, 
sex, education level (highest degree attained), marital status (married/
partnered, separated/divorced/widowed, or single), smoking status 
(former or never smoker), alcohol consumption history (former or 
never drinker), and prior heart disease diagnosis. These covariates 
were measured at baseline or during the exposure period and adjusted 
in the regression models to improve estimate precision and robustness.

2.5 Statistical analysis

All analyses were performed using R (version 4.2.2). Baseline 
characteristics were summarized by depressive symptom trajectory 
categories. Continuous variables were presented as mean ± SD, and 
categorical variables as counts and percentages (n, %).

Cox proportional hazards models were applied to assess the 
relationship between depressive symptom trajectories and diabetes 
onset risk. The event was defined as the first self-reported diabetes 

FIGURE 1

Flowchart of participant inclusion and exclusion.
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diagnosis during follow-up, with participants lacking such reports 
censored. Time was measured from the end of the exposure window 
to either the event or the last follow-up, whichever occurred earlier. 
Using the consistently low trajectory group as the reference, three 
models were sequentially specified to adjust for confounders: Model 
1 included only the depressive trajectory variable; Model 2 additionally 
adjusted for demographic characteristics (age, sex, educational 
attainment, marital status); Model 3 further accounted for health-
related behaviors and pre-existing cardiovascular conditions 
(smoking, alcohol use, and history of heart disease). The proportional 
hazards assumption was examined using the Schoenfeld residuals test. 
Missing covariate data were addressed with multiple imputation using 
the mice package to reduce potential bias.

3 Results

3.1 Baseline characteristics

A total of 8,741 participants were included and categorized into 
five trajectory groups according to longitudinal depression scores: 
consistently low (n = 5,566), decreasing (n = 142), fluctuating 
(n = 2,575), increasing (n = 146), and consistently high (n = 312). 
Baseline demographic and health behavior characteristics for these 
groups are presented in Table 1.

The mean age across all groups was approximately 61 years. The 
proportion of women was highest in the consistently high group 
(80.1%) and lowest in the consistently low group (57.1%) (p < 0.001). 
Educational attainment followed a similar pattern, with a greater 
percentage of participants lacking a high school diploma in the 
consistently high group (42.6%) compared with the consistently low 
group (15.8%) (p < 0.001). Other characteristics, including marital 
status, smoking, alcohol use, and presence of chronic conditions, also 
varied significantly among groups, suggesting that distinct depression 
trajectories are associated with differentiated sociodemographic and 
behavioral profiles.

3.2 Longitudinal association between 
depressive symptom trajectories and 
diabetes onset risk

3.2.1 Total depression score trajectory and 
diabetes onset risk

Using the consistently low group as the reference, results from the 
fully adjusted Cox proportional hazards model (Model 3) indicated a 
significantly increased risk of diabetes onset among individuals with 
an upward trajectory of total depressive symptom scores (HR = 1.746, 
95%CI: 1.195–2.551, p = 0.004). A comparable elevation in risk was 
also identified in the consistently high group (HR = 1.376, 95%CI: 

TABLE 1  Characteristics of participants at baseline.

Variables Overall Consistently 
low

Decreasing Fluctuating Increasing Consistently 
high

Number (%) 8,741 5,566 (63.7) 142 (1.6) 2,575 (29.5) 146 (1.7) 312 (3.6)

Age (mean (SD)) 60.9 (7.2) 61.0 (7.1) 60.7 (7.9) 60.7 (7.4) 60.0 (7.3) 61.1 (7.7)

Sex (%)

  Female 5,477 (62.7) 3,178 (57.1) 104 (73.2) 1838 (71.4) 107 (73.3) 250 (80.1)

  Male 3,264 (37.3) 2,388 (42.9) 38 (26.8) 737 (28.6) 39 (26.7) 62 (19.9)

Education (%)

  Below high school 1754 (20.1) 880 (15.8) 51 (35.9) 659 (25.6) 31 (21.2) 133 (42.6)

  High school 2,889 (33.1) 1803 (32.4) 49 (34.5) 888 (34.5) 48 (32.9) 101 (32.4)

  College or above 3,863 (44.2) 2,744 (49.3) 36 (25.4) 954 (37.0) 64 (43.8) 65 (20.8)

  Other 235 (2.7) 139 (2.5) 6 (4.2) 74 (2.9) 3 (2.1) 13 (4.2)

Marital status (%)

  Married or partnered 6,518 (75.5) 4,387 (79.8) 84 (59.6) 1763 (69.4) 112 (78.3) 172 (55.8)

  Never married 274 (3.2) 163 (3.0) 7 (5.0) 84 (3.3) 6 (4.2) 14 (4.5)

 � Separated/divorced/

Widowed
1838 (21.3) 947 (17.2) 50 (35.5) 694 (27.3) 25 (17.5) 122 (39.6)

Smoking status (%)

  Ever smokers 4,829 (55.5) 3,026 (54.6) 84 (59.2) 1,458 (57.0) 78 (53.8) 183 (58.7)

  Never smokers 3,872 (44.5) 2,516 (45.4) 58 (40.8) 1,102 (43.0) 67 (46.2) 129 (41.3)

Drinking status (%)

  Ever drinkers 5,950 (68.1) 4,007 (72.0) 90 (63.4) 1,620 (62.9) 85 (58.2) 148 (47.4)

  Never drinkers 2,790 (31.9) 1,559 (28.0) 52 (36.6) 954 (37.1) 61 (41.8) 164 (52.6)

Heart problems (%)

  No 7,948 (90.9) 5,098 (91.6) 125 (88.0) 2,322 (90.2) 134 (91.8) 269 (86.2)

  Yes 793 (9.1) 468 (8.4) 17 (12.0) 253 (9.8) 12 (8.2) 43 (13.8)
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1.042–1.818, p = 0.024). In contrast, neither the decreasing nor the 
fluctuating trajectories showed statistically significant associations 
with diabetes risk compared with the consistently low group. The 
overall pattern was consistent in the unadjusted (Model 1) and 
partially adjusted (Model 2) models (Figure 2).

3.2.2 Somatic symptom trajectories and diabetic 
onset risk

Model 3 demonstrated a significantly greater diabetes risk among 
individuals in the increasing group (HR = 1.909, 95%CI: 1.194–3.053, 
p = 0.007) and the consistently high group (HR = 1.455, 95%CI: 
1.068–1.983, p = 0.018). No significant associations with diabetes risk 
were observed for the decreasing or fluctuating trajectories compared 
with the reference group. These associations were largely consistent 
across Model 1 and Model 2 (Figure 2).

3.2.3 Cognitive-affective symptom trajectories 
and diabetic onset risk

In the cognitive-affective symptom trajectory analysis, model 3 
showed a markedly higher risk of diabetes in the increasing group 
(HR = 2.376, 95% CI: 1.537–3.671, p < 0.001) and in the consistently 
high group (HR = 1.602, 95% CI: 1.197–2.145, p = 0.002). No 
significant associations were observed for the decreasing or fluctuating 
groups relative to the reference. Results from the unadjusted model as 
well as those partially adjusted for covariates (model 1 and model 2) 
exhibited consistent patterns (Figure 2).

3.3 Gender stratification

Gender served as a significant moderator in the association between 
depressive symptom trajectories and subsequent diabetes risk. As shown 

in Figure 3, no statistically reliable association was observed among 
males across any of the three trajectory types (total depressive symptoms, 
cognitive-affective, and somatic). Hazard ratios for all trajectory groups 
relative to the consistently low reference group were close to 1, with wide 
confidence intervals, suggesting minimal or unstable effects.

In contrast, females with either increasing or consistently high 
trajectories demonstrated strong associations with elevated diabetes 
risk across all symptom dimensions (Figure 3). For the total depressive 
symptom trajectory, HRs for the increasing and consistently high 
groups were 2.007 (95% CI: 1.290–3.121, p = 0.002) and 1.586 (95% 
CI: 1.161–2.167, p = 0.004), respectively. Within the cognitive-
affective domain, HRs reached 2.891 (95% CI: 1.799–4.645, p < 0.001) 
for the increasing trajectory and 1.705 (95% CI: 1.219–2.384, 
p = 0.002) for the consistently high group. In the somatic domain, 
corresponding HRs were 2.039 (95% CI: 1.171–3.551, p = 0.012) and 
1.499 (95% CI: 1.049–2.142, p = 0.026).

The findings indicate that persistent or worsening depressive 
symptoms in women—particularly within cognitive-affective and 
somatic domains—substantially heighten the probability of diabetes 
development. In contrast, no comparable associations were identified 
in men, suggesting sex-specific psychobiological mechanisms 
underlying metabolic outcomes.

4 Discussion

Using multi-wave follow-up data from two large longitudinal 
cohorts (HRS and ELSA), the analysis demonstrated a significant 
association between depressive symptom trajectories in middle-aged 
and older adults and subsequent risk of diabetes onset. Persistently 
high or progressively increasing patterns of depressive symptoms were 
linked to greater diabetes risk, with the cognitive-affective and somatic 

FIGURE 2

Cox regression results for the association between depressive symptom trajectories and diabetes onset over 10-year follow-up. Hazard ratios 
represent the relative risk compared to these reference categories. Model 1 is unadjusted. Model 2 is adjusted for demographic characteristics. Model 3 
is further adjusted for health behaviors and chronic diseases. *p < 0.05, **p < 0.01, ***p < 0.001.
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dimensions contributing most consistently to this association. Gender 
acted as a significant moderator; the relationship was evident among 
females, whereas no consistent or statistically significant variation in 
risk was observed among males.

This study characterized the somatic and cognitive-affective 
dimensions of depressive symptoms and identified their independent 
associations with diabetes risk. Somatic symptoms—such as reduced 
energy, sleep disturbances, and difficulty walking—more directly 
reflect disruptions in physiological functioning indicative of sustained 
chronic stress (24). Such stress can induce autonomic imbalance, 
diminish metabolic efficiency, and initiate chronic inflammatory 
responses, thereby substantially increasing insulin resistance and 
subsequent diabetes susceptibility (25, 26). In contrast, cognitive-
affective symptoms—such as sadness, loneliness, and helplessness—
are more closely associated with persistent negative emotional states 
that chronically activate the hypothalamic–pituitary–adrenal (HPA) 
axis. Prolonged HPA axis activation elevates circulating stress 
hormones (e.g., cortisol), sustains systemic inflammation, and 
progressively impairs pancreatic islet function and glucose regulation 
(27–29). Although their psychophysiological mechanisms differ, both 
symptom domains converge on common pathways involving chronic 
stress responses and metabolic dysregulation. Clinically, domain-
specific integrative interventions are warranted: individuals with 
somatic symptoms may benefit from targeted improvements in sleep 

quality and restoration of physical vitality, whereas those with 
cognitive-affective symptoms may require psychotherapeutic support 
and cognitive-behavioral strategies. Such tailored approaches may 
achieve greater effectiveness in reducing long-term diabetes risk in 
middle-aged and older populations (30, 31).

Building on this, the results indicate that dynamic monitoring of 
depressive symptom trajectories may serve as a valuable adjunct in 
diabetes risk assessment. Identification of individuals with persistently 
high or progressively worsening depressive patterns enables earlier 
recognition of high-risk populations and supports more targeted 
screening and intervention strategies. Incorporation of both 
pharmacological and non-pharmacological treatment data in future 
research could further refine individualized management approaches 
and strengthen the evidence base for precision prevention and 
personalized medicine. Integrating longitudinal psychological 
assessment with metabolic monitoring may ultimately offer new 
opportunities for precision prevention, supporting the development 
of more effective, patient-centered strategies that consider both mental 
health trajectories and metabolic vulnerabilities.

The impact of persistent or progressively worsening depressive 
symptoms on diabetes risk may reflect the cumulative physiological 
consequences of prolonged exposure to chronic psychological stress 
(32). In contrast to transient emotional fluctuations, sustained 
increases or consistently elevated depressive symptom trajectories 

FIGURE 3

Gender-stratified cox analysis of the association between depressive symptom trajectories and diabetes risk. Hazard ratios represent the relative risk 
compared to these reference categories. Models were fully adjusted for demographic variables, health-related behaviors, and baseline chronic 
conditions. *p < 0.05, **p < 0.01, ***p < 0.001.
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indicate reduced emotional resilience and the gradual accumulation 
of psychological vulnerability. This persistent strain affects 
neuroendocrine, behavioral, and metabolic systems, ultimately 
disrupting glucose homeostasis (33). Variations in trajectory patterns 
not only illuminate the course of symptom progression but also reveal 
underlying manifestations of chronic stress, emphasizing the value of 
incorporating a temporal dimension into intervention strategies. 
Depressive states are further associated with adverse health behaviors, 
including sedentary activity, irregular dietary habits, and substance 
use (e.g., smoking, alcohol consumption), which heighten the risk of 
impaired glycemic regulation (34). In addition, reduced adherence to 
treatment regimens and inadequate self-management in individuals 
with depression enhance metabolic susceptibility, reinforcing a cycle 
that elevates diabetes risk (35). Overall, neuroendocrine dysregulation, 
immune-inflammatory activation, and maladaptive health behaviors 
constitute interconnected pathways through which depression 
contributes to the development of diabetes.

The study identified a significant moderating effect of gender on 
the association between depressive symptom trajectories and diabetes 
risk. Depressive symptoms were linked to a marked increase in 
diabetes incidence among women, whereas no statistically significant 
association was observed in men. This gender-specific difference may 
be  attributed to variations in biological responses to chronic 
psychological stress, including neuroendocrine regulation, hormonal 
fluctuations, and immune activity. Women appear more vulnerable to 
neuroendocrine disturbances—such as estrogen variability and 
heightened glucocorticoid secretion—under sustained stress, which 
may intensify inflammatory responses and disrupt metabolic 
homeostasis (36, 37). In addition, diabetes-related metabolic 
dysregulation may impose a greater burden on women. Evidence 
shows that among individuals with diabetes, women with comorbid 
depression exhibit poorer glycemic control than men, suggesting 
increased insulin resistance or impaired glucose metabolism in 
depressive states (38). Depressed women are also more likely to engage 
in emotional eating and experience greater weight gain, indicating a 
higher likelihood of obesity driven by unhealthy dietary behaviors, 
thereby contributing to an elevated risk of diabetes onset (39).

Several limitations warrant consideration. First, the observational 
design precludes definitive causal inference. Despite extensive 
covariate adjustment across multiple models, residual confounding 
and reverse causality cannot be fully excluded. Second, reliance on 
self-reported diagnoses of both depression and diabetes introduces 
potential information bias. In addition, the lack of data on 
antidepressant or psychotropic medication use may contribute to 
misestimation of the association magnitude. Finally, the absence of 
biochemical markers and biomarker assessments restricts the ability 
to clarify underlying biological mechanisms.

5 Conclusion

The analysis demonstrates a significantly increased risk of incident 
diabetes among middle-aged and older individuals with either 
consistently high or rising depressive symptom trajectories, with 
stronger associations observed in women. Both cognitive-affective 
and somatic symptom trajectories independently predict diabetes 
onset, suggesting potentially distinct mechanistic pathways that 
connect specific dimensions of depressive symptoms with 
metabolic outcomes.

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 University of 
Michigan’s Institute for Social Research and Survey Research Center 
and the London Multicentre Research Ethics Committee. The studies 
were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation 
was not required from the participants or the participants’ legal 
guardians/next of kin in accordance with the national legislation and 
institutional requirements.

Author contributions

XY: Funding acquisition, Writing – review & editing, Supervision, 
Writing – original draft, Conceptualization. YZ: Writing – review & 
editing, Formal analysis, Data curation. XZ: Formal analysis, Writing – 
review & editing, Data curation.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This research received 
funding from the Joint Construction Project of the Henan Provincial 
Medical Science and Technology Research Program (grant number: 
LHGJ20240120).

Acknowledgments

We thank the teams and participants of the Health and Retirement 
Study (HRS) and the English Longitudinal Study of Ageing (ELSA) for 
providing the data used in this study. We are grateful to Bullet Edits 
Limited for providing language editing and proofreading support.

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.

Generative AI statement

The authors declare that no Gen AI was 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.

https://doi.org/10.3389/fpubh.2025.1656215
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yu et al.� 10.3389/fpubh.2025.1656215

Frontiers in Public Health 08 frontiersin.org

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.

References
	1.	Gregg EW, Pratt A, Owens A, Barron E, Dunbar-Rees R, Slade ET, et al. The burden 

of diabetes-associated multiple long-term conditions on years of life spent and lost. Nat 
Med. (2024) 30:2830–7. doi: 10.1038/s41591-024-03123-2

	2.	Fadzil MAM, Abu Seman N, Abd Rashed A. The potential therapeutic use of 
agarwood for diabetes: a scoping review. Pharmaceuticals (Basel). (2024) 17:1548. doi: 
10.3390/ph17111548

	3.	Khawagi WY, Al-Kuraishy HM, Hussein NR, Al-Gareeb AI, Atef E, Elhussieny O, 
et al. Depression and type 2 diabetes: a causal relationship and mechanistic pathway. 
Diabetes Obes Metab. (2024) 26:3031–44. doi: 10.1111/dom.15630

	4.	Liu Y, Huang SY, Liu DL, Zeng XX, Pan XR, Peng J. Bidirectional relationship 
between diabetes mellitus and depression: mechanisms and epidemiology. World J 
Psychiatry. (2024) 14:1429–36. doi: 10.5498/wjp.v14.i10.1429

	5.	Claro AE, Palanza C, Mazza M, Rizzi A, Corsello A, Tartaglione L, et al. 
Reconsidering the role of depression and common psychiatric disorders as partners in 
the type 2 diabetes epidemic. World J Diabetes. (2024) 15:1374–80. doi: 
10.4239/wjd.v15.i6.1374

	6.	Xiao WH, Yang XC, Xu SJ, Bian Y, Zou GY. Prevalence and associated factors of 
depressive symptoms in Chinese diabetic patients: a study based on Andersen's 
behavioral model. World J Diabetes. (2025) 16:100638. doi: 10.4239/wjd.v16.i4.100638

	7.	Zheng C, Yin J, Wu L, Hu Z, Zhang Y, Cao L, et al. Association between depression 
and diabetes among American adults using NHANES data from 2005 to 2020. Sci Rep. 
(2024) 14:27735. doi: 10.1038/s41598-024-78345-y

	8.	Taylor WD, Butters MA, Elson D, Szymkowicz SM, Jennette K, Baker K, et al. 
Reconsidering remission in recurrent late-life depression: clinical presentation and 
phenotypic predictors of relapse following successful antidepressant treatment. Psychol 
Med. (2025) 54:4896–907. doi: 10.1017/s0033291724003246

	9.	Brugnera A, Zarbo C, Tarvainen MP, Carlucci S, Tasca GA, Adorni R, et al. Higher 
levels of depressive symptoms are associated with increased resting-state heart rate 
variability and blunted reactivity to a laboratory stress task among healthy adults. Appl 
Psychophysiol Biofeedback. (2019) 44:221–34. doi: 10.1007/s10484-019-09437-z

	10.	Kautzky A, Heneis K, Stengg K, Fröhlich S, Kautzky-Willer A. Biological and 
psychological stress correlates are linked to glucose metabolism, obesity, and gender 
roles in women. Neuroendocrinology. (2022) 112:130–42. doi: 10.1159/000514484

	11.	Burns RJ, Ford K, Forget GC, Fardfini-Ruginets K, Ward R. Courses of depressive 
symptoms and diabetes incidence among middle-aged and older adults: a prospective 
study. PLoS One. (2025) 20:e0321712. doi: 10.1371/journal.pone.0321712

	12.	Ehrmann D, Krause-Steinrauf H, Uschner D, Wen H, Hoogendoorn CJ, Crespo-
Ramos G, et al. Differential associations of somatic and cognitive-affective symptoms of 
depression with inflammation and insulin resistance: cross-sectional and longitudinal 
results from the emotional distress sub-study of the GRADE study. Diabetologia. (2025) 
68:1403–15. doi: 10.1007/s00125-025-06369-8

	13.	Liao Y, Zhang H, Guo L, Fan B, Wang W, Teopiz KM, et al. Impact of cognitive-
affective and somatic symptoms in subthreshold depression transition in adults: 
evidence from depression cohort in China (DCC). J Affect Disord. (2022) 315:274–81. 
doi: 10.1016/j.jad.2022.08.009

	14.	Yi Q, Xiao W, Hou L, Li S, Sun W, Shan S, et al. Sex-specific associations of 
depressive symptom trajectories with type 2 diabetes mellitus in middle-aged and older 
adults: findings from a nationwide cohort in China. Health Psychol. (2025) 44:866–75. 
doi: 10.1037/hea0001500

	15.	Zheng X, Jiang M, Ren X, Han L, Shen S. Distinct depressive symptom trajectories 
are associated with incident diabetes among Chinese middle-aged and older adults: the 
China health and retirement longitudinal study. J Psychosom Res. (2023) 164:111082. 
doi: 10.1016/j.jpsychores.2022.111082

	16.	Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW, Weir DR. Cohort 
profile: the health and retirement study (HRS). Int J Epidemiol. (2014) 43:576–85. doi: 
10.1093/ije/dyu067

	17.	Steptoe A, Breeze E, Banks J, Nazroo J. Cohort profile: the English longitudinal 
study of ageing. Int J Epidemiol. (2013) 42:1640–8. doi: 10.1093/ije/dys168

	18.	Schlechter P, Ford TJ, Neufeld SAS. The eight-item Center for Epidemiological 
Studies Depression Scale in the English longitudinal study of aging: longitudinal and 
gender invariance, sum score models, and external associations. Assessment. (2023) 
30:2146–61. doi: 10.1177/10731911221138930

	19.	Soh Y, Tiemeier H, Kawachi I, Berkman LF, Kubzansky LD. Eight-year depressive 
symptom trajectories and incident stroke: a 10-year follow-up of the HRS (health and 
retirement study). Stroke. (2022) 53:2569–76. doi: 10.1161/strokeaha.121.037768

	20.	Lee SL, Pearce E, Ajnakina O, Johnson S, Lewis G, Mann F, et al. The association 
between loneliness and depressive symptoms among adults aged 50 years and older: a 
12-year population-based cohort study. Lancet Psychiatry. (2021) 8:48–57. doi: 
10.1016/s2215-0366(20)30383-7

	21.	Lu X, Liu C, Lu H, Qian X, Wang C, Jia C, et al. Eight-year total, cognitive-affective, 
and somatic depressive symptoms trajectories and risks of cardiac events. Transl 
Psychiatry. (2024) 14:356. doi: 10.1038/s41398-024-03063-y

	22.	Frank P, Ajnakina O, Steptoe A, Cadar D. Genetic susceptibility, inflammation and 
specific types of depressive symptoms: evidence from the English longitudinal study of 
ageing. Transl Psychiatry. (2020) 10:140. doi: 10.1038/s41398-020-0815-9

	23.	Chu K, Cadar D, Iob E, Frank P. Excess body weight and specific types of 
depressive symptoms: is there a mediating role of systemic low-grade inflammation? 
Brain Behav Immun. (2023) 108:233–44. doi: 10.1016/j.bbi.2022.11.016

	24.	Allen J, Caruncho HJ, Kalynchuk LE. Severe life stress, mitochondrial dysfunction, 
and depressive behavior: a pathophysiological and therapeutic perspective. 
Mitochondrion. (2021) 56:111–7. doi: 10.1016/j.mito.2020.11.010

	25.	Zatterale F, Longo M, Naderi J, Raciti GA, Desiderio A, Miele C, et al. Chronic 
adipose tissue inflammation linking obesity to insulin resistance and type 2 diabetes. 
Front Physiol. (2019) 10:1607. doi: 10.3389/fphys.2019.01607

	26.	Elrakaybi A, Laubner K, Zhou Q, Hug MJ, Seufert J. Cardiovascular protection by 
SGLT2 inhibitors - do anti-inflammatory mechanisms play a role? Mol Metab. (2022) 
64:101549. doi: 10.1016/j.molmet.2022.101549

	27.	Bertollo AG, Santos CF, Bagatini MD, Ignácio ZM. Hypothalamus-pituitary-
adrenal and gut-brain axes in biological interaction pathway of the depression. Front 
Neurosci. (2025) 19:1541075. doi: 10.3389/fnins.2025.1541075

	28.	Mehdi SF, Qureshi MH, Pervaiz S, Kumari K, Saji E, Shah M, et al. Endocrine and 
metabolic alterations in response to systemic inflammation and sepsis: a review article. 
Mol Med. (2025) 31:16. doi: 10.1186/s10020-025-01074-z

	29.	Kim S, Park ES, Chen PR, Kim E. Dysregulated hypothalamic-pituitary-adrenal 
Axis is associated with increased inflammation and worse outcomes after ischemic 
stroke in diabetic mice. Front Immunol. (2022) 13:864858. doi: 
10.3389/fimmu.2022.864858

	30.	Kekkonen E, Hall A, Antikainen R, Havulinna S, Kivipelto M, Kulmala J, et al. 
Impaired sleep, depressive symptoms, and pain as determinants of physical activity and 
exercise intervention adherence: an exploratory analysis of a randomized clinical trial. 
BMC Geriatr. (2025) 25:211. doi: 10.1186/s12877-025-05830-y

	31.	Santos B, Pinho L, Nogueira MJ, Pires R, Sequeira C, Montesó-Curto P. Cognitive 
restructuring during depressive symptoms: a scoping review. Healthcare (Basel). (2024) 
12:12. doi: 10.3390/healthcare12131292

	32.	Gois C, Akiskal H, Akiskal K, Figueira ML. Depressive temperament, distress, 
psychological adjustment and depressive symptoms in type 2 diabetes. J Affect Disord. 
(2012) 143:1–4. doi: 10.1016/j.jad.2012.05.028

	33.	Kim EY, Kim SH, Ha K, Lee HJ, Yoon DH, Ahn YM. Depression trajectories and 
the association with metabolic adversities among the middle-aged adults. J Affect Disord. 
(2015) 188:14–21. doi: 10.1016/j.jad.2015.08.024

	34.	Tang Q, Yang Y, Yang M, Jiang C, Zeng J, Zhou F, et al. Association between 
depressive symptom trajectories and unhealthy lifestyle factors among adolescents based 
on the China family panel studies. J Psychiatr Res. (2025) 181:64–71. doi: 
10.1016/j.jpsychires.2024.11.057

	35.	Saguban R, Shanmugam SR, Rondilla E, Buta J, Alatawi NAH, Maestrado R, et al. 
Self-efficacy, social support, and depression: mediators of medication adherence in 
Dialysis patients. Healthcare (Basel). (2025) 13:13. doi: 10.3390/healthcare13040425

	36.	Turek J, Gąsior Ł. Estrogen fluctuations during the menopausal transition are a 
risk factor for depressive disorders. Pharmacol Rep. (2023) 75:32–43. doi: 
10.1007/s43440-022-00444-2

	37.	Krolick KN, Shi H. Estrogenic action in stress-induced neuroendocrine regulation 
of energy homeostasis. Cells. (2022) 11:11. doi: 10.3390/cells11050879

	38.	Deischinger C, Dervic E, Leutner M, Kosi-Trebotic L, Klimek P, Kautzky A, et al. 
Diabetes mellitus is associated with a higher risk for major depressive disorder in women 
than in men. BMJ Open Diabetes Res Care. (2020) 8:e001430. doi: 10.1136/ 
bmjdrc-2020-001430

	39.	Benzerouk F, Guénin M, Gierski F, Raucher-Chéné D, Barrière S, Bertin E, et al. 
Contributing roles of depression, anxiety, and impulsivity dimensions in eating 
behaviors styles in surgery candidates. J Eat Disord. (2021) 9:148. doi: 10.1186/ 
s40337-021-00503-8

https://doi.org/10.3389/fpubh.2025.1656215
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1038/s41591-024-03123-2
https://doi.org/10.3390/ph17111548
https://doi.org/10.1111/dom.15630
https://doi.org/10.5498/wjp.v14.i10.1429
https://doi.org/10.4239/wjd.v15.i6.1374
https://doi.org/10.4239/wjd.v16.i4.100638
https://doi.org/10.1038/s41598-024-78345-y
https://doi.org/10.1017/s0033291724003246
https://doi.org/10.1007/s10484-019-09437-z
https://doi.org/10.1159/000514484
https://doi.org/10.1371/journal.pone.0321712
https://doi.org/10.1007/s00125-025-06369-8
https://doi.org/10.1016/j.jad.2022.08.009
https://doi.org/10.1037/hea0001500
https://doi.org/10.1016/j.jpsychores.2022.111082
https://doi.org/10.1093/ije/dyu067
https://doi.org/10.1093/ije/dys168
https://doi.org/10.1177/10731911221138930
https://doi.org/10.1161/strokeaha.121.037768
https://doi.org/10.1016/s2215-0366(20)30383-7
https://doi.org/10.1038/s41398-024-03063-y
https://doi.org/10.1038/s41398-020-0815-9
https://doi.org/10.1016/j.bbi.2022.11.016
https://doi.org/10.1016/j.mito.2020.11.010
https://doi.org/10.3389/fphys.2019.01607
https://doi.org/10.1016/j.molmet.2022.101549
https://doi.org/10.3389/fnins.2025.1541075
https://doi.org/10.1186/s10020-025-01074-z
https://doi.org/10.3389/fimmu.2022.864858
https://doi.org/10.1186/s12877-025-05830-y
https://doi.org/10.3390/healthcare12131292
https://doi.org/10.1016/j.jad.2012.05.028
https://doi.org/10.1016/j.jad.2015.08.024
https://doi.org/10.1016/j.jpsychires.2024.11.057
https://doi.org/10.3390/healthcare13040425
https://doi.org/10.1007/s43440-022-00444-2
https://doi.org/10.3390/cells11050879
https://doi.org/10.1136/bmjdrc-2020-001430
https://doi.org/10.1136/bmjdrc-2020-001430
https://doi.org/10.1186/s40337-021-00503-8
https://doi.org/10.1186/s40337-021-00503-8

	Prospective longitudinal study of dynamic depressive symptom trajectories and diabetes onset risk in older adults: a 10-year follow-up of the HRS and ELSA cohorts
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Primary exposures
	2.3 Outcomes
	2.4 Covariates
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Longitudinal association between depressive symptom trajectories and diabetes onset risk
	3.2.1 Total depression score trajectory and diabetes onset risk
	3.2.2 Somatic symptom trajectories and diabetic onset risk
	3.2.3 Cognitive-affective symptom trajectories and diabetic onset risk
	3.3 Gender stratification

	4 Discussion
	5 Conclusion

	References

