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Abstract
Background  Diabetes is a major global public health concern, and China bears a growing diabetes burden that 
calls for targeted prevention. High-income country studies link residential proximity to roadways with diabetes, 
yet evidence from developing countries is limited. This population-based analysis delivers robust evidence for 
environmental health interventions and age-friendly urban planning for Chinese older adults.

Methods  We used nationally representative data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). 
After excluding those with missing values for key variables, 4,702 adults aged ≥ 65 years entered the complete-case 
primary analysis. Roadway proximity and diabetes status were self-reported. Logistic regression models calculated 
ORs and 95% CIs with sequential adjustment for demographic, lifestyle and health covariates. Stratified analyses and 
interaction tests assessed effect modification.

Results  The sample included 4,702 participants (mean age 78.7 years; 55.1% men) with 13.9% diabetes prevalence. 
Fully adjusted ORs were 1.36 (95% CI:1.11–1.67) for residents < 100 m from major roadways and 1.31 (95% CI:1.03–1.66) 
for those 100–300 m away (reference group: > 300 m). A statistically significant overall trend test was obtained, yet 
the exposure–response relationship across distance strata was non-monotonic (P for trend < 0.05). A borderline 
interaction existed between roadway proximity and smoking (P for interaction = 0.044). Stratification showed a 
positive association among non-smokers (OR = 1.29, 95% CI:1.06–1.56) but no significant link in smokers (OR = 0.82, 
95% CI:0.48–1.42). Given the marginal P-value and small smoking subgroup sample (wide CIs), this interaction needs 
cautious interpretation and verification in larger cohorts.

Conclusion  This cross-sectional study found a significant association between proximity to major roadways and 
prevalent diabetes in Chinese older adults. Roadway proximity acts as a composite surrogate marker of traffic hazards, 
neighborhood socioeconomic deprivation and built environments, rather than merely traffic pollution or noise. 
These findings guide future environmental and health equity research on seniors. Longitudinal studies with objective 
exposure measurements are required to confirm our results and inform age-friendly urban design and geriatric health 
policies.
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​​Background
Diabetes is a leading global cause of morbidity and mor-
tality and has evolved into a severe public health crisis. 
According to data released by the International Diabe-
tes Federation (IDF), the number of adults living with 
diabetes surpassed 500 million in 2024, with projections 
reaching nearly 900 million by 2050. The prevalence 
among adults aged 65 years and older stands at 23.72%, 
which is higher in middle-income countries compared 
with high-income and low-income nations [1]. As the 
world’s most populous nation, China bears a worsening 
diabetes epidemic: prevalence surged from below 1.0% in 
1980 to 12.4% in 2018, creating substantial burdens for 
individuals, family caregivers, and the national healthcare 
system [2]. Data from China’s Seventh National Popula-
tion Census indicated that the population aged 60 years 
and older hit 260.4 million (18.7% of the total population) 
in 2020, and roughly 30% of this elderly cohort suffered 
from diabetes at that time. Acute and chronic complica-
tions stemming from suboptimal glycemic control have 
emerged as key threats to the health and longevity of 
older adults [3].

Diabetes onset stems from the interplay of genetic sus-
ceptibility and modifiable lifestyle factors [4–6]. Chronic 
exposure to adverse residential environments, includ-
ing traffic-derived pollutants, may raise diabetes risk by 
inducing sustained systemic inflammation and metabolic 
dysfunction [7–9]. Previous epidemiological studies have 
detected an association between residential proximity to 
major roadways and prevalent diabetes, yet robust evi-
dence from Chinese populations remains limited.

Most published analyses exploring associations 
between residential proximity to major roadways and 
type 2 diabetes have been conducted in Western popu-
lations, with consistent evidence showing that proximity 
to high-traffic corridors significantly elevates the odds of 
type 2 diabetes [10, 11]. Rapid urbanization and rising 
motor vehicle volumes over recent decades have wors-
ened traffic-related pollution across low- and middle-
income countries, magnifying health risks for residents 
living close to roadways. However, few epidemiological 
investigations have quantified the association between 
roadway proximity and diabetes prevalence in such con-
texts. Against this backdrop, further evidence is war-
ranted to clarify this relationship among Chinese older 
adults.

This cross-sectional analysis drew on data from 
the Chinese Longitudinal Healthy Longevity Survey 
(CLHLS), a large, nationally representative cohort that 
follows older adults nationwide in China. We combined 

information on residential proximity to major roadways, 
self-reported diabetes status, and an extensive panel of 
covariates. We adjusted for socioeconomic and lifestyle-
related factors to evaluate associations between roadway 
proximity and prevalent diabetes among Chinese adults 
aged ≥ 65 years. The results yield important public health 
insights into environment–diabetes associations among 
older adults in developing countries.

Methods
Study participants
The Chinese Longitudinal Healthy Longevity Survey 
(CLHLS), launched in 1998, is a nationally representative 
longitudinal survey of Chinese older adults. It employs 
multi-stage cluster sampling across 23 regions, which 
together account for over 85% of China’s total population. 
A detailed description of the survey has been published 
elsewhere [12], and the CLHLS questionnaires used in 
this study are standardized and validated in prior publi-
cations. We adopted the 2018 CLHLS wave, which was 
the first round to include self-reported distance to major 
roadways. The initial sample comprised 15,874 partici-
pants aged ≥ 65 years. After excluding participants with 
missing diabetes status (n = 1,844), roadway proximity 
data (n = 1,107), or key covariates (n = 8,221), the final 
analytical sample comprised 4,702 adults aged ≥ 65 years 
(Fig. 1).

The CLHLS obtained ethical approval from the 
Research Ethics Committees of Peking University and 
Duke University (IRB No. 00001052–13074). All par-
ticipants or their proxy respondents provided written 
informed consent prior to the interviews.

Residential proximity to major roadways
Residential proximity to major roadways was self-
reported by participants or proxy respondents. The 
CLHLS questionnaire lacks official standardized road 
classification criteria. Consistent with prior environmen-
tal analyses using CLHLS data [13], we defined major 
roadways operationally as dual four-lane carriageways. 
Nevertheless, participants’ self-reported distance assess-
ments relied on their subjective judgment of major 
roads, which may not fully match this study’s operational 
definition.

Respondents estimated their distance to the nearest 
major roadway, which was grouped into five predefined 
intervals: < 50 m, 50–100 m, 101–200 m, 201–300 m, and 
> 300 m. For the primary logistic regression models, these 
five strata were collapsed into three exposure catego-
ries: < 100 m, 100–300 m, and > 300 m, with the > 300 m 
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band designated as the reference group. No geocoding 
or on-site objective measurements were accessible to 
verify self-reported distance values, and proxy responses 
were allowed for participants with cognitive or physical 
disabilities.

Assessment of diabetes
The primary outcome was prevalent type 2 diabetes, 
ascertained using self-reported physician-confirmed 
diagnoses from the CLHLS. Trained interviewers admin-
istered a standardized chronic disease module containing 
the question: “Has a doctor ever told you that you have 
diabetes?” Three response choices were provided: “yes”, 
“no”, and “do not know”. Respondents selecting “yes” 
were defined as diabetic, those answering “no” formed 
the non-diabetic reference group, and participants with 
missing or “do not know” responses were excluded to 
reduce misclassification bias. No on-site blood glucose 
or glycated hemoglobin (HbA1c) assays were performed 
during CLHLS fieldwork, so case identification for dia-
betes relied entirely on participants’ self-reported formal 
clinical diagnostic history.

Covariates
A priori confounders were selected for regression mod-
els examining roadway proximity and prevalent diabe-
tes, covering demographic, socioeconomic, lifestyle, and 
health factors: age (continuous); sex (male/female); edu-
cational level (no school vs. ≥ 1 year); residential location 
(city/town vs. rural); marital status (married vs. other 
categories, where others included widowed, separated, 
divorced or never-married participants); cohabitation 
status (yes/no); annual household income (≤ 10,000 yuan, 
10,001–50,000 yuan, > 50,000 yuan); smoking status 

(yes/no); alcohol consumption (yes/no); regular physi-
cal activity (yes/no); body mass index (BMI, continuous); 
hypertension (yes/no); activity limitation (yes/no); self-
reported quality of life (good/very good vs. average/poor/
very poor); depressive symptoms (yes/no); anxiety symp-
toms (yes/no); cognitive impairment (yes/no).

Depressive symptoms were measured with the 10-item 
Center for Epidemiologic Studies Depression Scale 
(CES-D-10), using a cutoff score of ≥ 10 [14, 15]. Anxi-
ety symptoms were screened via the 7-item Generalized 
Anxiety Disorder Scale (GAD-7), with a score of ≥ 5 set 
as the threshold for anxiety symptoms [16, 17]. Cognitive 
function was assessed using a 13-item CLHLS cognitive 
battery evaluating orientation, memory, attention, cal-
culation, and language. Each item received a score of 0 
(incorrect response) or 1 (correct response), generating a 
total score ranging from 0 to 30; higher total scores cor-
responded to better cognitive performance. Consistent 
with prior CLHLS research, cognitive impairment was 
defined by a total score < 24 [18, 19].

Statistical analysis
Baseline characteristics
Baseline characteristics were summarized across three 
roadway proximity groups. Continuous variables were 
presented as mean ± standard deviation (SD), while cat-
egorical variables were reported as frequencies and 
percentages. Intergroup disparities were assessed via 
one-way ANOVA for continuous variables and χ² tests 
for categorical variables. Furthermore, among the 14,030 
participants with complete diabetes status at baseline, we 
compared baseline features between individuals retained 
in the complete-case analysis and those excluded owing 
to missing covariates or roadway proximity data.

Primary multivariable logistic regression models
To assess the cross-sectional association between resi-
dential proximity to major roadways and prevalent 
diabetes, we built five logistic regression models with 
stepwise covariate adjustment. The crude model included 
no covariates. Model 1 was adjusted for age and sex 
only. Model 2 was additionally adjusted for residential 
location, educational level, marital status, smoking sta-
tus, alcohol consumption, regular physical activity, and 
BMI. Model 3 further incorporated annual household 
income, cohabitation status, and self-reported quality 
of life. Model 4 (the primary fully adjusted model) was 
additionally adjusted for depressive symptoms, anxiety 
symptoms, cognitive impairment, activity limitation, and 
hypertension.

Supplementary Model 5 excluded five health-related 
indicators from Model 4: hypertension, depressive 
symptoms, anxiety symptoms, activity limitation, and 
self-reported quality of life. This model was designed 

Fig. 1  Flowchart illustrating participant selection for the study using data 
from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). Figure 
legend: The full CLHLS cohort contained 15,874 participants. Participants 
with missing diabetes outcome data, missing roadway proximity exposure 
data, or incomplete core covariate records were sequentially excluded. 
The final complete-case analytical sample included 4,702 individuals
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distance strata to explore granular exposure–response 
relationships.

All statistical tests were two-tailed, with P < 0.05 set as 
the threshold for statistical significance. All analyses were 
conducted using IBM SPSS Statistics 26.0.

Results
Baseline characteristics
Table  1 presents participants’ baseline characteristics. 
The full analytical sample had a mean age of 78.7 years 
(SD = 9.8); 55.1% were male, 61.1% lived in city or town 
areas, and the overall diabetes prevalence was 13.9%. 
Compared with those living closer to major road-
ways, participants living farther from roadways were 
more likely to dwell in rural settings, have lower educa-
tional levels and annual household income, and engage 
in smoking and alcohol consumption. This group also 
reported less regular physical activity and a lower preva-
lence of hypertension.

Association between residential proximity to major 
roadways and prevalent diabetes
Logistic regression was used to evaluate cross-sectional 
associations between residential proximity to major 
roadways and prevalent diabetes, with participants 
residing > 300 m from roadways serving as the reference 
group. In the unadjusted model, residents living < 100 m 
and those 100–300  m away exhibited elevated ORs of 
1.63 (95% CI: 1.34–1.97) and 1.73 (95% CI: 1.39–2.16), 
respectively. Following full covariate adjustment (Model 
4), effect estimates attenuated to 1.36 (95% CI: 1.11–1.67) 
and 1.31 (95% CI: 1.03–1.66) (Table 2). The overall trend 
test across ordered distance strata reached statistical sig-
nificance (P < 0.05), yet the exposure–response pattern 
was non-monotonic: the association was slightly attenu-
ated in the 100–300 m subgroup relative to participants 
living within 100  m, with no steady graded elevation as 
residential distance to roadways decreased.

Additional file 2 (Supplementary Table S1) displays 
outputs from Model 5. This specification removed five 
health-related variables (hypertension, depressive symp-
toms, anxiety symptoms, activity limitation, and self-
reported quality of life) from the fully adjusted primary 
model (Model 4) to preliminarily probe potential medi-
ating pathways. The highly consistent ORs and 95% CIs 
generated by Model 4 and Model 5 suggested minimal 
mediating contributions from these five health factors. 
Importantly, this simplified model exclusion strategy is 
not a replacement for rigorous formal causal mediation 
analysis. Due to the cross-sectional study design, robust 
causal inferences about these mediating pathways cannot 
be established.

to explore their potential role as mediating factors in 
the association between roadway proximity and diabe-
tes, although this approach cannot substitute for formal 
mediation analysis. Although these indicators were pre-
defined as confounders for the primary analysis, formal 
mediation analysis could not be conducted, as the cross-
sectional design precludes verification of temporal order-
ing between roadway proximity, intermediate health 
conditions, and diabetes onset [20, 21].

Subgroup and interaction analyses
Roadway proximity was dichotomized (≤ 100 m vs. > 
100 m) for stratified logistic regression across predefined 
effect modifiers: age (< 85 vs. ≥ 85), sex, residential loca-
tion, educational level, annual household income (≤ 
50,000 vs. > 50,000 yuan), BMI (< 24 vs. ≥ 24 kg/m²), 
smoking status, and alcohol consumption. Multiplicative 
interaction terms were constructed to test effect modifi-
cation. All stratified regression models were adjusted for 
the full covariate set outlined in the Methods section, 
excluding the respective stratification variable from each 
model. The 85-year age cutoff and 24 kg/m² BMI thresh-
old were selected in line with widely accepted Chinese 
standards for geriatric grouping and overweight classifi-
cation [22, 23].

Sensitivity analyses
We performed seven pre-specified sensitivity analyses 
built on Model 4 to verify the robustness of the core asso-
ciation. First, we excluded participants with severe cogni-
tive impairment (score < 18) or dementia to reduce recall 
bias [24]. Second, we omitted respondents with activi-
ties of daily living (ADL) limitations to mitigate poten-
tial reverse causality. Third, we removed participants 
diagnosed with malignant tumors to rule out confound-
ing driven by severe chronic illness. Fourth, we fitted a 
logit-linked generalized linear model (GLM) to recalcu-
late odds ratios (ORs) [25]. Fifth, we adopted two fully 
conditional specification multiple imputation (FCS-MI) 
strategies to address missing data in accordance with 
established methodological guidelines [26]. Model 6 
(conventional FCS-MI) imputed all variables for the full 
baseline cohort (n = 15,874, the complete CLHLS sam-
ple prior to any exclusions), whereas Model 7 (outcome-
fixed FCS-MI) only imputed exposure and covariate data 
among participants with confirmed complete diabetes 
status (n = 14,030). Full details of the imputation work-
flow, including model setup and convergence diagnostic 
metrics, are documented in Additional file 1 (Supple-
mentary Methods). Sixth, we restricted the analysis to 
urban and township residents to evaluate confounding 
related to urban–rural disparities. Seventh, we re-fitted 
regression models using the original five fine-grained 
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Characteristics Residential proximity to major roadways (m) P-value
< 100 100–300 > 300 Total

N 1,739 975 1,988 4,702

Age, years, mean (SD) 78.5 (9.7) 79.1 (10.0) 78.7 (9.8) 78.7 (9.8) 0.223

Sex, n (%) 0.107

  Male 924 (53.1) 546 (56.0) 1,122 (56.4) 2,592 (55.1)

  Female 815 (46.9) 429 (44.0) 866 (43.6) 2,110 (44.9)

Residential location, n (%) < 0.001

  City/Town 1,185 (68.1) 703 (72.1) 983 (49.4) 2,871 (61.1)

  Rural 554 (31.9) 272 (27.9) 1,005 (50.6) 1,831 (38.9)

Educational level, n (%) 0.001

  No school 424 (24.4) 201 (20.6) 533 (26.8) 1,158 (24.6)

  ≥ 1 year 1,315 (75.6) 774 (79.4) 1,455 (73.2) 3,544 (75.4)

Cohabitation status, n (%) 0.227

  Yes 1,472 (84.6) 801 (82.2) 1,657 (83.4) 3,930 (83.6)

  No 267 (15.4) 174 (17.8) 331 (16.6) 772 (16.4)

Self-reported quality of life, n (%) 0.032

  Very good, good 1,254 (72.1) 734 (75.3) 1,505 (75.7) 3,493 (74.3)

  Average, bad, very bad 485 (27.9) 241 (24.7) 483 (24.3) 1,209 (25.7)

Depressive symptoms, n (%) 0.891

  Yes 590 (33.9) 338 (34.7) 672 (33.8) 1,600 (34.0)

  No 1,149 (66.1) 637 (65.3) 1,316 (66.2) 3,102 (66.0)

Anxiety symptoms, n (%) 0.577

  Yes 167 (9.6) 101 (10.4) 182 (9.2) 450 (9.6)

  No 1,572 (90.4) 874 (89.6) 1,806 (90.8) 4,252 (90.4)

Cognitive impairment, n (%) 0.386

  Yes 102 (5.9) 60 (6.2) 138 (6.9) 300 (6.4)

  No 1,637 (94.1) 915 (93.8) 1,850 (93.1) 4,402 (93.6)

Smoking status, n (%) 0.004

  Yes 330 (19.0) 154 (15.8) 416 (20.9) 900 (19.1)

  No 1,409 (81.0) 821 (84.2) 1,572 (79.1) 3,802 (80.9)

Alcohol consumption, n (%) 0.045

  Yes 306 (17.6) 176 (18.1) 410 (20.6) 892 (19.0)

  No 1,433 (82.4) 799 (81.9) 1,578 (79.4) 3,810 (81.0)

Regular physical activity, n (%) < 0.001

  Yes 852 (49.0) 438 (44.9) 814 (40.9) 2,104 (44.7)

  No 887 (51.0) 537 (55.1) 1,174 (59.1) 2,598 (55.3)

Activity limitation, n (%) 0.133

  Yes 349 (20.1) 197 (20.2) 448 (22.5) 994 (21.1)

  No 1,390 (79.9) 778 (79.8) 1,540 (77.5) 3,708 (78.9)

Annual household income (Yuan), n (%) < 0.001

  ≤ 10,000 410 (23.6) 204 (20.9) 680 (34.2) 1,294 (27.5)

  10,001–50,000 548 (31.5) 276 (28.3) 695 (35.0) 1,519 (32.3)

  > 50,000 781 (44.9) 495 (50.8) 613 (30.8) 1,889 (40.2)

Marital status, n (%) 0.596

  Married 1,046 (60.1) 593 (60.8) 1,228 (61.8) 2,867 (61.0)

  Other categories 693 (39.9) 382 (39.2) 760 (38.2) 1,835 (39.0)

BMI (kg/m2), mean (SD) 23.6 (5.9) 23.4 (3.9) 23.3 (8.1) 23.4 (6.6) 0.216

Hypertension, n (%) 0.001

  Yes 831 (47.8) 511 (52.4) 896 (45.1) 2,238 (47.6)

  No 908 (52.2) 464 (47.6) 1,092 (54.9) 2,464 (52.4)

Diabetes < 0.001

Table 1  Baseline characteristics of participants stratified by residential proximity to major roadways
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Subgroup analyses and effect modification
Stratified subgroup analyses and multiplicative interac-
tion tests were performed across predefined effect modi-
fiers: age, sex, residential location, educational level, 
smoking status, alcohol consumption, regular physi-
cal activity, annual household income, and BMI (Fig. 2). 
The positive association between roadway proximity and 
prevalent diabetes showed comparable effect magnitudes 
across most subgroups.

A borderline multiplicative interaction between road-
way proximity (< 100 m vs. ≥ 100 m) and smoking status 
was identified (P for interaction = 0.044). This marginal 
effect modification signal requires cautious interpreta-
tion, since interaction testing demands a larger sample 
to attain adequate statistical power. Stratified regression 
outputs revealed heterogeneous associations stratified 
by smoking status: non-smokers living within 100  m of 
major roadways had higher odds of diabetes (OR = 1.29, 
95% CI: 1.06–1.56, P < 0.05), while no statistically sig-
nificant association was seen among smokers (OR = 0.82, 
95% CI: 0.48–1.42, P > 0.05). The broad confidence inter-
val for the smoking subgroup indicates limited precision 
of effect estimation, stemming from the relatively small 
count of smokers in this elderly sample.

Sensitivity analysis
We observed systematic disparities in baseline char-
acteristics between participants retained in the 

primary complete-case analysis (n = 4,702) and indi-
viduals excluded owing to missing data (n = 9,328), 
with P < 0.001 across all intergroup comparisons (Addi-
tional file 3 [Supplementary Table S2]). This gap implies 
potential selection bias arising from substantial missing 
values. All seven pre-specified sensitivity analyses veri-
fied steady, statistically significant positive associations 
between roadway proximity and prevalent diabetes. The 
sensitivity tests covered sequential exclusion of partici-
pants with severe cognitive impairment, ADL limitations, 
or malignant tumors; logit-linked Poisson regression; two 
distinct FCS-MI strategies; restricted analysis to urban 
and township residents; and models built on the five 
fine-grained distance bands. All sensitivity tests gener-
ated consistent effect estimates (Table 3, Additional file 4 
[Supplementary Table S3], Additional file 5 [Supplemen-
tary Table S4]). FMI values lower than 0.3 demonstrated 
that missing data produced minimal distortion to the 
core effect estimates.

Discussion
After full covariate adjustment, this cross-sectional 
analysis of 4,702 Chinese older adults identified a stable 
positive association between residential proximity to 
major roadways and prevalent diabetes. A statistically 
significant overall trend test was detected across distance 
strata, yet the exposure–response curve followed a non-
monotonic shape. A borderline interaction with smoking 

Table 2  Associations between residential proximity to major roadways and prevalent diabetes
Model Residential proximity to major roadways (m), OR (95% CI) P for trend

< 100 100–300 > 300
Unadjusted crude model 1.63 (1.34, 1.97) 1.73 (1.39, 2.16) Ref. < 0.001

Model 1 1.61 (1.33, 1.95) 1.75 (1.40, 2.18) Ref. < 0.001

Model 2 1.37 (1.12, 1.67) 1.42 (1.13, 1.78) Ref. 0.003

Model 3 1.31 (1.07, 1.60) 1.33 (1.06, 1.68) Ref. 0.011

Model 4 1.36 (1.11, 1.67) 1.31 (1.03, 1.66) Ref. 0.004
Crude model: no covariates adjusted

Model 1 was adjusted solely for age and sex

Model 2 additionally adjusted for residential location, educational level, marital status, smoking status, alcohol consumption, regular physical activity, and BMI

Model 3 further incorporated annual household income, cohabitation status, and self-reported quality of life

Model 4 (the primary fully adjusted model) additionally adjusted for depressive symptoms, anxiety symptoms, cognitive impairment, activity limitation, and 
hypertension

Abbreviation: OR Odds ratio, CI Confidence interval, Ref. Reference group

Characteristics Residential proximity to major roadways (m) P-value
< 100 100–300 > 300 Total

  Yes 279 (16.0) 165 (16.9) 209 (10.5) 653 (13.9)

  No 1,460 (84.0) 810 (83.1) 1,779 (89.5) 4,049 (86.1)
a Depressive symptoms were defined as a CES-D-10 total score of ≥ 10
b Anxiety symptoms were defined as a GAD-7 total score of ≥ 5
c Cognitive impairment was defined as a total cognitive function score of < 24
d “Other categories” includes widowed, separated, divorced, and never-married participants
eBMI Body mass index

Table 1  (continued) 
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status was identified: a statistically significant associa-
tion was only evident among non-smokers. This strati-
fied result is exploratory, as the smoking stratum had a 
small sample size, which resulted in low estimation pre-
cision and broad confidence intervals, restricting statisti-
cal power to detect an association. All sensitivity analyses 
validated the robustness of these core associations.

The stable association, validated across multiple sen-
sitivity tests, has implications for older populations. 
Older adults are more susceptible to environmental 
hazards owing to age-related declines in physiologi-
cal reserve [27], higher comorbidity burden [28], and 

polypharmacy that disrupts metabolic homeostasis [29]. 
Meanwhile, older adults spend more time at home than 
younger groups, yielding greater cumulative residen-
tial environmental exposure over time. Against China’s 
dual backdrop of rapid urbanization and population 
aging, even modest roadway–diabetes associations may 
translate into a substantial population-level disease bur-
den. These findings highlight the value of age-friendly 
urban planning and community diabetes surveillance 
in urbanizing developing regions. Clinically, geriatri-
cians and community health practitioners may incor-
porate residential environmental context as an auxiliary 

Fig. 2  Forest plot illustrating associations between residential proximity to major roadways (< 100 m versus ≥ 100 m) and prevalent diabetes, stratified 
by core covariates. Figure legend: All stratified regression models were adjusted for all covariates listed in the Statistical Analysis subsection of Methods, 
excluding the respective stratification variable. The OR compares the odds of prevalent diabetes for participants living < 100 m from major roadways 
against those residing ≥ 100 m away. P for interaction values indicate the statistical significance of effect modification across subgroups. Abbreviations: 
OR, Odds ratio; CI, Confidence interval

 



Page 8 of 11Li et al. BMC Geriatrics         (2026) 26:1325 

contextual indicator when evaluating diabetes-related 
profiles among older adults, especially in rapidly urban-
izing areas. Mitigating environmental health disparities 
in metabolic diseases requires cross-sector collabora-
tion integrating urban planning, traffic management, and 
community geriatric health promotion.

We then explore plausible biological and contextual 
pathways that may explain the observed association. Our 
results partially align with prior Western cohort studies 
documenting positive roadway–diabetes associations [30, 
31], while two earlier analyses reported null associations 
[32, 33]. Roadway proximity correlates with traffic-related 
air pollutants and chronic noise, both of which are linked 
to impaired glucose homeostasis [34–36]. Socioeconomic 
and built environment attributes may also contribute to 
this relationship: residents living close to major road-
ways typically have limited green space, low walkability, 
restricted access to medical services, and elevated neigh-
borhood deprivation [37–40]. These contextual features 
correlate with diabetes status and could act as mediators 
or confounders in the observed relationship. Sensitivity 
analyses indicated the association was not attributable 
merely to urban–rural disparities or how exposure strata 
were defined. In the absence of objective on-site moni-
toring, we are unable to disentangle independent effects 
of air pollution and noise; roadway proximity serves as a 
composite residential indicator instead of a precise single 
traffic exposure measurement. The detected association 
likely arises from overlapping environmental, behavioral, 
and socioeconomic correlates, rather than an effect origi-
nating exclusively from traffic.

Comparisons of outputs from Model 4 and Model 5 
offer further clues regarding plausible mediating path-
ways. The nearly identical effect estimates derived from 
the fully adjusted model and its reduced specification 
indicate that these five health-related factors exerted 
negligible mediating contributions within this cross-sec-
tional sample. However, the cross-sectional study design 
precludes rigorous formal causal mediation modeling; 

thus, firm inferences on intermediate pathways cannot be 
established [20, 21].

The observed heterogeneity across smoking subgroups 
remains exploratory and merits cautious interpretation. 
This pattern may be partially attributable to the limited 
sample volume and broad confidence intervals among 
smokers, yielding low-precision effect estimates. An 
alternative explanation points to survivor bias, through 
which metabolically vulnerable smokers drop out of the 
elderly population over time [41]. This well-documented 
“healthy smoker effect” has been widely reported in 
older adult cohorts [42]. Moreover, biological interplay 
between tobacco consumption and traffic-derived pollut-
ants is presumed intricate, and selective survival within 
cross-sectional elderly samples may introduce additional 
confounding [43]. In light of these methodological and 
biological complexities, larger-scale mechanistic and 
longitudinal investigations are required prior to drawing 
robust definitive inferences.

This study carries several key limitations. First, the 
cross-sectional study design prohibits confirmation 
of the temporal ordering between residential road-
way exposure and diabetes onset, precluding robust 
causal inferences. Second, both exposure status and 
diabetes outcomes were ascertained solely via self-
report, without verification from laboratory testing or 
official medical records. The CLHLS dataset does not 
contain standardized roadway classification metrics, 
and geocoding coordinates were unavailable to vali-
date participants’ self-reported residential distance to 
major roads. Recall bias and subjective measurement 
error could yield exposure misclassification. Though 
proxy interviews boosted response rates among frail 
older adults, this approach may have added further 
measurement inaccuracies. Self-reported diabetes 
status tends to underestimate true population preva-
lence; this form of non-differential misclassification 
would shift effect estimates toward the null, indi-
cating our observed associations are conservative 
[44]. Third, over half of the full baseline cohort was 

Table 3  Sensitivity analyses of associations between residential proximity to major roadways and prevalent diabetes
Model Residential proximity to major roadways (m), OR (95% CI) P for trend

< 100 100–300 > 300
Model A 1.35 (1.10, 1.67) 1.29 (1.02, 1.64) Ref. 0.005

Model B 1.43 (1.15, 1.78) 1.32 (1.02, 1.70) Ref. 0.001

Model C 1.41 (1.15, 1.74) 1.32 (1.04, 1.69) Ref. 0.001

Model D 1.35 (1.09, 1.66) 1.29 (1.01, 1.63) Ref. 0.004
Model A was constructed to exclude participants with severe cognitive impairment and dementia

Model B was constructed to exclude participants unable to perform activities of daily living (ADL)

Model C was constructed to exclude participants diagnosed with cancer

Model D adopted a logit-linked generalized linear model (GLM) with binomial distribution to model binary prevalent diabetes outcome

All sensitivity models (A, B, C, D) were adjusted for the identical covariate set of the primary fully adjusted Model 4

Abbreviation: OR Odds ratio, CI Confidence interval, Ref. Reference group
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excluded owing to incomplete covariate data, which 
could introduce selection bias. Supplementary com-
parisons in Additional file 3 (Supplementary Table 
S2) reveal marked disparities in baseline characteris-
tics between retained and excluded participants. Two 
FCS-MI multiple imputation specifications mitigated 
this concern and reproduced consistent association 
patterns, yet residual selection bias may still limit the 
external generalizability of our results. Fourth, unmea-
sured neighborhood deprivation, housing conditions, 
and healthcare access generate residual confounding 
that cannot be fully accounted for by individual socio-
economic indicators and urban–rural stratification. 
Roadway proximity encapsulates multiple correlated 
environmental inputs—including traffic-derived air 
pollutants, neighborhood socioeconomic disadvan-
tage, and suboptimal built environment features—so 
we could not disentangle independent associations 
uniquely attributable to traffic-related exposures from 
these intertwined contextual factors. Fifth, the analyti-
cal sample is restricted to adults aged ≥ 65 years, such 
that these results cannot be extrapolated to younger 
age groups. Longitudinal cohorts covering all adult age 
ranges are needed to externally replicate these cross-
sectional observations.

Key strengths of the present analysis cover a nationally 
representative sample of Chinese older adults, thorough 
adjustment for a broad set of confounders, and seven 
pre-specified sensitivity analyses that validated the stabil-
ity of core associations. This work additionally yields pre-
liminary evidence for effect modification across smoking 
subgroups among Chinese older adults, though this strat-
ified observation awaits replication in larger independent 
cohorts.

Conclusion
This cross-sectional analysis identified a statistically 
significant positive association between living within 
300 m of major roadways and elevated diabetes preva-
lence among Chinese older adults. A statistically sig-
nificant overall trend test was detected across ordered 
distance strata, yet the exposure–response curve fol-
lowed a non-monotonic shape, with no steady stepwise 
elevation in diabetes prevalence as residential distance 
to roadways decreased. A borderline multiplicative 
interaction with smoking status was observed. Given 
the small sample volume within the smoking stratum 
and broad confidence intervals indicative of low esti-
mation precision, this marginal subgroup signal mer-
its cautious interpretation and replication in larger, 
statistically well-powered investigations. Crucially, 
roadway proximity functions as a composite contex-
tual marker encapsulating traffic-derived hazards, 
neighborhood socioeconomic deprivation, and built 

environment attributes, instead of a standalone metric 
for one specific environmental exposure. Accordingly, 
the detected correlation cannot be solely ascribed to 
traffic-related air pollutants or road traffic noise.

These preliminary observational results prevent robust 
causal inferences and lack sufficient evidence to support 
urgent targeted policy interventions. Subsequent longitu-
dinal studies integrating objective on-site environmental 
monitoring and granular neighborhood socioeconomic 
metrics are needed to replicate the current associations 
and inform evidence-based age-friendly urban design 
as well as community diabetes prevention programs tai-
lored for older adults.
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CIs and P-values are provided for every proximity subgroup.

Acknowledgements
The authors acknowledge the Chinese Longitudinal Healthy Longevity Survey 
(CLHLS) for providing access to the data used in this study. We thank all 
participants of the CLHLS study.

Declaration of generative AI and AI-assisted technologies in the writing 
process
During the preparation of this work, the authors used Doubao (a large 
language model developed by ByteDance) for English translation and 
language polishing. After using this tool, the authors reviewed and edited the 
content as needed and take full responsibility for the content of the published 
article.

Authors’ contributions
YL performed the data analysis, and penned the initial version of the 
manuscript. FS designed and prepared all figures and tables in the manuscript. 
HYL performed data download and data curation. XZS critically reviewed and 
revised the content of the manuscript. NW conceived and designed the study. 
All authors read and approved the final manuscript.

Funding
This study was supported by the Independent Scientific Research Project 
of Liaoning Provincial Key Specialty, Central Hospital of Dalian University of 
Technology (Dalian Municipal Central Hospital) (2025SZ017).

Data availability
The data that support the findings of this study are available from the 
Chinese Longitudinal Healthy Longevity Survey (CLHLS). These data are not 
publicly available because access requires reasonable request and approval. 
The authors obtained approval to use the data for this study. Data may be 
available from the corresponding author upon reasonable request and with 
permission from the CLHLS.

Declarations

Ethics approval and consent to participate
This analysis was performed in line with the principles outlined in the 
Declaration of Helsinki. We utilized publicly available data from the Chinese 
Longitudinal Healthy Longevity Survey (CLHLS). The CLHLS received ethical 
approval from the Research Ethics Committees of Peking University and 
Duke University (IRB approval No. IRB00001052-13074). All survey participants 
provided written informed consent prior to enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Central Hospital of Dalian University of Technology (Dalian Municipal 
Central Hospital), Dalian, China
2School of Public Health, Shenyang Medical College, Shenyang, China
3Department of Liaoning Province, Key Laboratory of Environment and 
Population Health of the Educational, Shenyang, China

Received: 1 June 2026 / Accepted: 24 July 2026

References
1.	 Genitsaridi I, Salpea P, Salim A, Sajjadi SF, Tomic D, James S, et al. 11th edition 

of the IDF Diabetes Atlas: global, regional, and national diabetes prevalence 
estimates for 2024 and projections for 2050. Lancet Diabetes Endocrinol. 
2026;14(2):149–56.

2.	 Xu Y, Lu J, Li M, Wang T, Wang K, Cao Q, et al. Diabetes in China part 2: preven-
tion, challenges, and progress. Lancet Public Health. 2024;9(12):e1098–104.

3.	 Chinese Elderly Type 2 Diabetes Prevention and Treatment of Clinical 
Guidelines Writing Group, Geriatric Endocrinology and Metabolism Branch 
of Chinese Geriatric Society, Geriatric Endocrinology and Metabolism Branch 
of Chinese Geriatric Health Care Society, Geriatric Professional Committee of 
Beijing Medical Award Foundation, National Clinical Medical Research Center 
for Geriatric Diseases (PLA General Hospital). Clinical guidelines for preven-
tion and treatment of type 2 diabetes mellitus in the elderly in China (2022 
edition). Zhonghua nei ke za zhi. 2022;61(1):12–50.

4.	 Dendup T, Feng X, Clingan S, Astell-Burt T. Environmental risk factors for 
developing type 2 diabetes mellitus: a systematic review. Int J Environ Res 
Public Health. 2018;15(1):78.

5.	 Hu S, Ji W, Zhang Y, Zhu W, Sun H, Sun Y. Risk factors for progression to type 2 
diabetes in prediabetes: a systematic review and meta-analysis. BMC Public 
Health. 2025;25(1):1220.

6.	 Peng H, Wang M, Guo H, Hou T, Li Y, Zhang H, et al. Parental transmission of 
type 2 diabetes risk in offspring: a prospective family-based cohort study in 
northern China. Nutrients. 2025;17(8):1361.

7.	 Młynarska E, Grabarczyk M, Leszto K, Luba G, Motor J, Sosińska A, et al. 
Environmental insults to glucose metabolism: the role of pollutants in insulin 
resistance. Int J Mol Sci. 2025;26(18):8979.

8.	 Matarid TR, Rayan M, Hussein OJ, Abunada HH, Maayah ZH, Korashy 
HM. Exploring the link between environmental chemical exposures and 
epigenetic modifications in diabetes mellitus: a review. Biomol Biomed. 
2025;25(12):2607–19.

9.	 Cui B, Gai Z, She X, Wang R, Xi Z. Effects of chronic noise on glucose metabo-
lism and gut microbiota-host inflammatory homeostasis in rats. Sci Rep. 
2016;6:36693.

10.	 Zhao Z, Lin F, Wang B, Cao Y, Hou X, Wang Y. Residential proximity to major 
roadways and risk of type 2 diabetes mellitus: a meta-analysis. Int J Environ 
Res Public Health. 2016;14(1):3.

11.	 Heidemann C, Niemann H, Paprott R, Du Y, Rathmann W, Scheidt-Nave C. 
Residential traffic and incidence of type 2 diabetes: the German Health 
Interview and Examination Surveys. Diabet Med. 2014;31(10):1269–76.

12.	 Zeng Y, Vaupel JW, Xiao Z, Liu Y, Zhang C. Chinese Longitudinal Healthy Lon-
gevity Survey (CLHLS), 1998–2012. Inter-university Consortium Political Social 
Res [distributor]. 2015. https:​​​//d​oi.​or​g/10​.38​86/ICPS​R36179.v1.

13.	 Yao Y, Jin X, Cao K, Zhao M, Zhu T, Zhang J, et al. Residential proximity to 
major roadways and cognitive function among Chinese adults 65 years and 
older. Sci Total Environ. 2021;766:142607.

14.	 Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for depres-
sion in well older adults: evaluation of a short form of the CES-D (Center for 
Epidemiologic Studies Depression Scale). Am J Prev Med. 1994;10(2):77–84.

15.	 Fu H, Si L, Guo R. What Is the Optimal Cut-Off Point of the 10-Item Center for 
Epidemiologic Studies Depression Scale for Screening Depression Among 
Chinese Individuals Aged 45 and Over? An Exploration Using Latent Profile 
Analysis. Front Psychiatry. 2022;13:820777.

16.	 Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing gen-
eralized anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092–7.

17.	 Sun J, Liang K, Chi X, Chen S. Psychometric properties of the Generalized 
Anxiety Disorder Scale-7 item (GAD-7) in a large sample of Chinese adoles-
cents. Healthc (Basel). 2021;9(12):1709.

18.	 Liu Y, Wu Y, Cai J, Huang Y, Chen Y, Venkatraman TM, et al. Is there a common 
latent cognitive construct for dementia estimation across two Chinese 
cohorts? Alzheimers Dement (Amst). 2022;14(1):e12356.

19.	 Wang J, Chen XX, Liu D, Tian E, Guo ZQ, Chen JY, et al. Association of Hearing 
Status and Cognition With Fall Among the Oldest-Old Chinese: A Nationally 
Representative Cohort Study. Ear Hear. 2023;44(5):1212–20.

20.	 Georgeson AR, Alvarez-Bartolo D, MacKinnon DP. A sensitivity analy-
sis for temporal bias in cross-sectional mediation. Psychol Methods. 
2025;30(6):1326–44.

https://doi.org/10.3886/ICPSR36179.v1


Page 11 of 11Li et al. BMC Geriatrics         (2026) 26:1325 

21.	 Maxwell SE, Cole DA. Bias in cross-sectional analyses of longitudinal media-
tion. Multivariate Behavioral Research; 2007.

22.	 Shen K, Zeng Y. The association between resilience and survival among 
Chinese elderly. Demogr Res. 2010;23(5):105–16.

23.	 Fan H, Kouvari M, Guo C, Liu Z, Zhang X, Wang H, et al. A comprehensive 
comparison of two commonly used BMI thresholds for non-communi-
cable diseases and multimorbidity in the Chinese population. Clin Nutr. 
2025;48:70–9.

24.	 Hu M, Shu X, Yu G, Wu X, Välimäki M, Feng H. A Risk Prediction Model Based 
on Machine Learning for Cognitive Impairment Among Chinese Community-
Dwelling Elderly People With Normal Cognition: Development and Validation 
Study. J Med Internet Res. 2021;23(2):e20298.

25.	 Naimi AI, Whitcomb BW. Estimating risk ratios and risk differences using 
regression. Am J Epidemiol. 2020;189(6):508–10.

26.	 White IR, Royston P, Wood AM. Multiple imputation using chained equations: 
Issues and guidance for practice. Stat Med. 2011;30(4):377–99.

27.	 Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. 
Lancet. 2013;381(9868):752–62.

28.	 Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, Garmen A, et al. 
Aging with multimorbidity: a systematic review of the literature. Ageing Res 
Rev. 2011;10(4):430–9.

29.	 Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in 
elderly. Expert Opin Drug Saf. 2014;13(1):57–65.

30.	 Krämer U, Herder C, Sugiri D, Strassburger K, Schikowski T, Ranft U, et al. 
Traffic-related air pollution and incident type 2 diabetes: results from the 
SALIA cohort study. Environ Health Perspect. 2010;118(9):1273–9.

31.	 Puett RC, Hart JE, Schwartz J, Hu FB, Liese AD, Laden F. Are particulate matter 
exposures associated with risk of type 2 diabetes? Environ Health Perspect. 
2011;119(3):384–9.

32.	 Dijkema MB, Mallant SF, Gehring U, van den Hurk K, Alssema M, van Strien RT, 
et al. Long-term exposure to traffic-related air pollution and type 2 diabetes 
prevalence in a cross-sectional screening-study in the Netherlands. Environ 
Health. 2011;10:76.

33.	 Newman JD, Schwartzbard AZ, Weintraub HS, Goldberg IJ, Berger JS. Primary 
prevention of cardiovascular disease in diabetes mellitus. J Am Coll Cardiol. 
2017;70(7):883–93.

34.	 Li S, Guo B, Jiang Y, Wang X, Chen L, Wang X, et al. Long-term exposure to 
ambient PM2.5 and its components associated with diabetes: evidence from a 
large population-based cohort from China. Diabetes Care. 2023;46(1):111–9.

35.	 Azizi S, Hadi Dehghani M, Nabizadeh R, et al. Ambient air fine particulate 
matter (PM10 and PM2.5) and risk of type 2 diabetes mellitus and mechanisms 

of effects: a global systematic review and meta-analysis. Int J Environ Health 
Res. 2025;35(6):1413–32.

36.	 Sørensen M, Pershagen G, Thacher JD, Lanki T, Wicki B, Röösli M, et al. Health 
position paper and redox perspectives - disease burden by transportation 
noise. Redox Biol. 2024;69:102995.

37.	 Menec VH, Shooshtari S, Nowicki S, Fournier S. Does the relationship between 
neighborhood socioeconomic status and health outcomes persist into very 
old age? A population-based study. J Aging Health. 2010;22(1):27–47.

38.	 Zhao T, Zhang A, Liu Y, Yin Y, Xia T, Cheng S, et al. The effect of the urban built 
environment on the prevalence rate of chronic diseases in the community 
neighborhood level: a case study in Qingdao, China. BMC Public Health. 
2025;25(1):3085.

39.	 Letellier N, Yang JA, Cavaillès C, Casey JA, Carrasco-Escobar G, Zamora S, et 
al. Aircraft and road traffic noise, insulin resistance, and diabetes: The role of 
neighborhood socioeconomic status in San Diego County. Environ Pollut. 
2023;335:122277.

40.	 Dalton AM, Jones AP, Sharp SJ, Cooper AJ, Griffin S, Wareham NJ. Residential 
neighbourhood greenspace is associated with reduced risk of incident 
diabetes in older people: a prospective cohort study. BMC Public Health. 
2016;16(1):1171.

41.	 Perls TT, Morris JN, Ooi WL, Lipsitz LA. The relationship between age, gender 
and cognitive performance in the very old: the effect of selective survival. J 
Am Geriatr Soc. 1993;41(11):1193–201.

42.	 Scherrer JF, Chrusciel T, Zeringue A, Garfield LD, Hauptman PJ, Lustman PJ, 
et al. Anxiety disorders increase risk for incident myocardial infarction in 
depressed and nondepressed Veterans Administration patients. Am Heart J. 
2010;159(5):772–9.

43.	 Chen A, Yin J, Ma Y, Hou J, Zhou W, Bai Z, et al. Impact of PM2.5 exposure in 
old age and its interactive effect with smoking on incidence of diabetes. Sci 
Total Environ. 2024;954:175219.

44.	 Yuan X, Liu T, Wu L, Zou ZY, Li C. Validity of self-reported diabetes among 
middle-aged and older Chinese adults: the China Health and Retirement 
Longitudinal Study. BMJ Open. 2015;5(4):e006633.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Residential proximity to major roadways and prevalent diabetes in older adults: a cross-sectional study based on CLHLS
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study participants
	﻿Residential proximity to major roadways
	﻿Assessment of diabetes
	﻿Covariates
	﻿Statistical analysis
	﻿Baseline characteristics
	﻿Primary multivariable logistic regression models
	﻿Subgroup and interaction analyses
	﻿Sensitivity analyses


	﻿Results


