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Abstract

Background The role of age at first marriage in chronic disease risk remains understudied, and evidence on its
association with chronic health outcomes in men and women is limited. We therefore examined the relationship
between age at first marriage and the risk of chronic diseases among adult men and women in the Azar cohort.

Methods This cross-sectional study used data from 13,326 participants in the Azar Cohort, which evaluates risk
factors for chronic non-communicable diseases (NCDs) in northwest Iran. A structured questionnaire captured
demographic variables, age at first marriage, medical history, and personal habits. Based on age at first marriage,
participants were classified into two groups: under 18 years (child marriage) and 18 years or older (adult marriage).

Results Among 13,326 participants, the prevalence of child marriage was 26.36%. Women constituted a larger share
of the child marriage group than men (46.6% vs. 3.6%; P<0.001). In men, child marriage showed no association with
NCDs except for obesity (Odds ratio [OR]: 1.43) and multimorbidity (MM) (OR: 1.41). In women, marriage before 18
years was associated with higher odds of diabetes (OR: 1.25), hypertension (OR: 1.37), cardiovascular disease (OR: 1.67),
stroke (OR: 1.84), depression (OR: 1.35), obesity (OR: 1.50), and MM (OR: 1.53). Notably, the highest odds occurred for
stroke.

Conclusion Child marriage was associated with obesity and MM in men, and with diabetes, hypertension,
cardiovascular disease, stroke, depression, obesity, and depression in women. These results indicate a need for
tailored health interventions for people affected by child marriage, particularly women. Longitudinal follow-up is
recommended to assess causality.
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Introduction

Chronic diseases are the leading cause of premature
mortality in adults [1] and have become a global pub-
lic health problem due to lifestyle changes [2]. Accord-
ing to the World Health Organization (WHO), 80% of
deaths from chronic diseases occur in low- and middle-
income countries (LMICs) [3]. Cardiovascular diseases,
cancers, chronic respiratory diseases, diabetes mel-
litus, and hypertension are among the most common
chronic diseases [4—6]. Among potential risk factors for
non-communicable diseases (NCDs), the role of age at
marriage, particularly child marriage, and the plausible
pathways linking it with NCDs remain understudied.
Child marriage is defined as marriage before the age of
18 years [7], an estimated 700 million people have expe-
rienced it globally, with about 15 million new cases each
year, mostly in developing countries [8, 9]. Factors that
can lead to early marriage include poverty, place of resi-
dence, natural disasters, low education level, unemploy-
ment, geographical and social isolation, emigration, and
culture [10-14].

Recent studies have reported associations between
child marriage and chronic conditions. Women who
married as children had higher risks of anemia and
obesity [15, 16]. Some surveys reported an inverse
association between child marriage in women and the
risk of hypertension and type 2 diabetes [17-20]. and,
in some analyses, maternal mortality [21]. Vikram et
al. reported that marriage before 18 years was associ-
ated with high blood pressure, diabetes, heart disease,
asthma, and thyroid disorders in women [22]. Because
early marriage is more common among women, few
studies have examined its consequences in men. One
cohort study found that men who first married at a
younger or older age had higher odds of cardiovascu-
lar disease (CVD) and cancer. In contrast, age at first
marriage was not associated with CVD or cancer risk
in women [23]. Another cohort study reported that
later marriage was associated with lower mortality risk
in older men, although this association was not signifi-
cant in older women [24].

Given these inconsistent findings, clarifying the effect
of age at first marriage on the risk of chronic disease is
necessary to inform healthcare providers about highly
vulnerable populations. Moreover, most studies world-
wide have focused on women. To the best of our knowl-
edge, limited evidence addresses the association between
age at first marriage and chronic health outcomes in both
men and women in LMICs, and no study has examined
this association in Iran. Therefore, this study investigated
the association between age at first marriage and the risk
of chronic diseases among adult men and women in the
Azar cohort.
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Methods
Study design and setting
This cross-sectional study used data from the Azar
cohort, a component of the large PERSIAN (Prospec-
tive Epidemiological Research Studies in Iran) cohort
[25, 26]. Tabriz University of Medical Sciences surveyed
from September 2014 to January 2017 in the Shabestar
region of East Azerbaijan Province. The Ethics Commit-
tee of Tabriz University of Medical Sciences approved
the study protocols (IRTBZMED.REC.1403.416). All
participants provided written informed consent before
enrolment. The Azar Cohort collected data from 15,006
participants, yielding a 93% response rate. Further cohort
details appear in the published profile article [27].
Participants who had never been married, those who
had experienced multiple marriages, as well as individu-
als who were divorced or widowed, were excluded from
the study. This exclusion was based on the potential for
these individuals to have encountered unique life stress-
ors associated with divorce, abandonment, or widow-
hood. Finally, we omitted the subjects from the analysis
who had any missing values in the outcome variables.
Final analysis was performed on 13,326 subjects (Fig. 1).

Data collection

Trained interviewers collected data through face-to-face
interviews using standardized questionnaires. Collected
variables included demographic characteristics, physi-
cal activity, socioeconomic status, medical history, and
smoking status. All data were recorded on a smart web-
site, and the English language version has been uploaded
as a supplementary file.

Independent variable

The independent variable was age at first marriage, clas-
sified into two categories: under 18 years and 18 years or
older.

Dependent variables
The main outcomes were non-communicable diseases
(NCDs) and multimorbidity (MM). We examined ten
conditions: hypertension, diabetes, cardiovascular dis-
ease (CVD), stroke, depression, non-alcoholic fatty liver
disease (NAFLD), cancer, thyroid disorders, chronic
obstructive pulmonary disease (COPD), and obesity. We
defined MM as the concurrent presence of two or more
chronic conditions [28]. Trained physicians asked partici-
pants: “Have you ever been diagnosed by a doctor with
any of the listed diseases?” An affirmative response indi-
cated the presence of that condition.

We grouped additional variables into four domains:
individual socio-demographic factors, physical activity,
lifestyle risk factors, and residential location.
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Total sample =15006
Aged35-70
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Exclusion of participants who were never married at the time of
survey n=241

.

N=14765

Exclusion of participants with multiple marriage

N=14110

N=655

Exclusion of Widowed or divorced participants n=780

Final sample n=13,326

Fig. 1 Flowchart of the study sample

Socio-demographic variables included current age,
educational attainment, marital status (never married,
married, divorced, widowed), and number of marriages.

We assessed socioeconomic status (SES) using an
asset-based approach with multiple correspondence
analysis (MCA). Data on housing conditions (e.g., num-
ber of rooms, ownership status) and ownership of
durable goods (e.g., vehicle, television, and dishwasher)
contributed to an SES score for each participant. We then
derived a Wealth Score Index (WSI) from the MCA and
classified it into quintiles.

Using the physical activity questionnaire, we calculated
metabolic equivalent of task (MET) scores. Each MET
reflects energy expenditure relative to body weight. We
then categorized MET values into tertiles [29, 30].

This study defines a current smoker as an individual
who consumes cigarettes or other tobacco products
daily. An ex-smoker refers to an individual who previ-
ously smoked either daily or occasionally but no longer
smokes. Non-smokers are defined as individuals who
have never engaged in smoking.

Exclusion of participants with missing value n=4

Anthropometric measurements

Trained staff measured participants’ height and weight
according to the PERSIAN Cohort protocol. Body mass
index (BMI) was calculated as weight (kg) divided by
height (m?). BMI was used to assess the nutritional sta-
tus. Obesity was defined as BMI > 30 kg/m? [31].

Statistical analysis

This study assessed normality using the Skewness and
Kurtosis indices. Since all quantitative variables exhib-
ited a normal distribution, the data are presented as
mean *standard deviation (SD). Qualitative variables
are reported as frequency and percentage. All depen-
dent variables (chronic diseases) were dichotomous, and
logistic regression was used to assess the association with
age at first marriage, classified as under 18 years (child
marriage) and 18 years or older (adult marriage). The
group married at 18 years or older served as the refer-
ence. Regression analyses are presented in three models:
Model 1 (unadjusted), Model 2 (adjusted for age, gender
[if applicable], residence region, and smoking status), and
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Table 1 Comparison of demographic characteristics, anthropometric measurements, and chronic diseases in the studied groups
First marriage age (years)

Adult marriage=>18 Child marriage<18 *P
(n=9813) (n=3513)
N(%) N(%)
Residential regions <0.001
Urban residents 7040 (71.7) 2268 (64.6)
Rural residents 2773 (28.3) 1245 (35.4)
Education levels
llliterate 1040 (10.6) 983 (28)
Primary school 3627 (37) 1611 (45.9)
Diploma 3950 (40.3) 895 (25.5)
University 1196 (12.2) 24.(0.7)
BMI classification (Kg/m2) <0.001
Underweight 71(0.7) 13(0.4)
18.5-24.9 normal weight 2352 (24) 400 (11.4)
25-29.9.9 over weight 4241 (43.2) 1265 (36.0)
>30 obese 3149 (32.1) 1835 (52.2)
Physical activity level ("METs) <0.001
Low 3111 (31.7) 1173 (33.4)
Moderate 2910 (29.7) 1525 (43.4)
High 3792 (38.6) 815(23.2)
Quintiles of wealth index <0.001
1 (poorest) 1919 (19.6) 856 (24.4)
2 1823 (18.6) 905 (25.8)
3 1792 (18.3) 639 (18.2)
4 2115 (21.6) 632 (18)
5 (richest) 2164(22.1) 481(13.7)
Current smoking status <0.001
non smoker 3380 (68.1) 3321 (94.5)
Ex-smoker 1083 (11) 64 (1.8)
smoker 2050 (20.9) 128 (3.6)
Age classification (years) <0.001
35-45 4076 (41.5) 1157 (32.9)
46-55 3287 (33.5) 1264 (36)
56-70 2450 (25.0) 1092 (31.1)
Common chronic diseases
Hypertension 1547 (15.8) 993 (28.3) <0.001
Diabetes 980 (10.0) 515(14.7) <0.001
Cancers 41 (04) 29(0.8) 0.004
Fatty liver 428 (44) 217 (6.2) <0.001
Stroke 62 (0.6) 40 (1.1) 0.003
CvD 430 (4.4) 187 (5.3) 0.02
COPD 298 (3.0) 165 (4.7) <0.001
Thyroid disorder 643 (6.6) 491(14) <0.001
Depression 1270(12.9) 909 (25.9) <0.001
Number of chronic Diseases <0.001
0-1 7678 (78.2) 2047 (58.3)
>2 2135(21.8) 1466 (41.7)
mean +SD mean+SD **p
Age (years) 48.79+9.039 50.48+9.03 <0.001
Height (cn) 164.92+9.30 156.67+6.74 <0.001

Weight (kg) 7660+13.67 75.27+13.34 <0.001
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Table 1 (continued)
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First marriage age (years)

Adult marriage>18 Child marriage< 18 *p
(n=9813) (n=3513)
Waist circumference (cm) 9393+11.11 95.29+11.09 <0.001
BMI (kg/mz) 28.17+£4.59 30.65+£5.04 <0.001

CVD: Cardiovascular diseases, COPD: Chronic obstructive lung diseases
*P: Chi-Sqaure
**P: Independent -t-test

Model 3 (adjusted for age, gender [if applicable], resi-
dence region, physical activity [METs], and WSI). Stata
version 14 was used to generate figures showing age-spe-
cific predicted probabilities of NCDs by child marriage
status (based on Model 1).

Results

Of the 13,326 participants, the prevalence of child mar-
riage was 26.36%. The proportion of women in the child
marriage group was significantly higher than that of men
(46.6% vs. 3.6%; P<0.001).

General characteristics of the participants

As shown in Table 1, participants in the child mar-
riage group, compared with those in the adult marriage
group, had lower educational attainment, higher obe-
sity, and lower physical activity (P<0.001). Moreover,
the prevalence of all NCDs was significantly higher in
the child marriage group than in the adult marriage
group (P<0.05). To clarify the findings, Table 2 presents
the variables stratified by gender. The main difference
between men and women was the prevalence of NCDs.
The frequency of chronic diseases was more pronounced
among women who experienced child marriage, whereas
similar patterns did not appear in men.

Findings of the association between child marriage and
NCDs

In the total sample, binary logistic regression showed
that all NCDs were associated with child marriage. After
adjustment for confounders (age, gender, residential
region, physical activity level, and WSI), several associa-
tions changed. In particular, the positive associations for
COPD, thyroid disorders, and cancer were no longer sig-
nificant after adjustment (Table 3).

After controlling for confounders, we found no asso-
ciation between child marriage and NCDs in men, except
for obesity and MM. Men who married before 18 years
had higher odds of obesity (OR: 1.43; 1.07-1.90) than
those who married at 18 years or older (Table 3).

In contrast, women who married before 18 years had
increased odds of several conditions, including diabetes
[OR: 1.25 (1.08-1.46)], hypertension [OR: 1.37 (1.21-
1.55)], CVD [OR: 1.67 (1.27-2.20)], stroke [OR: 1.84

(1.00-3.37)], depression [OR: 1.35 (1.20-1.51)], obesity
[OR: 1.50 (1.36-1.65)], and MM [OR: 1.53 (1.38-1.70)].
The highest odds were observed for stroke [OR: 1.84
(1.00-3.37)].

Based on Model 1, Fig. 2 shows the predicted probabil-
ity of NCDs across age categories by age at first marriage.
Across all ages, the child marriage group had higher pre-
dicted probabilities than the adult marriage group. The
largest differences appeared for hypertension, diabetes,
obesity, thyroid disorders, depression, and MM, with the
gap becoming more evident around ages 46—55.

Discussion

Globally, child marriage is more prevalent among women
than men; consequently, most research focuses on its
prevalence and risk factors in women. Nonetheless, child
marriage has also been reported among boys in several
countries. Both genders face risks associated with child
marriage, but biological, physiological, and social dif-
ferences can lead to distinct consequences for each sex
[32-34]. A review of the existing literature also shows
limited research on the association between child mar-
riage in men and the prevalence of NCDs. In this context,
the present study analyzed the association between age at
first marriage and chronic diseases, accounting for gen-
der differences. To our knowledge, this is the first study
to evaluate the association between child marriage and
NCDs in both genders.

In this study of 13,326 participants, the prevalence
of child marriage was 26.36%. Gender-specific analy-
sis showed a significantly higher prevalence in women
than in men (46.6% vs. 3.6%). Gaston et al. examined the
prevalence of child marriage among men using data from
89 countries and reported regional variation: the highest
rate occurred in the Central African Republic (27.9%),
followed by Latin America and the Caribbean (8.3%) and
East Asia and the Pacific (5.9%); the lowest rates were
observed in the Middle East and North Africa, and in
Eastern Europe and Central Asia [35].

Among women, reported prevalence ranges from
18.3% to 69% across different populations [16, 19, 22, 34,
36, 37]. The substantial variation observed across coun-
tries compared with our findings may reflect differences
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Table 2 Comparison of demographic characteristics, anthropometric measurements, and chronic diseases in the studied groups by

gender
First marriage age (years) First marriage age (years)
Adult marriage>18  Child marriage<18  *P Adult marriage>18  Child marriage<18  *P
Male Female
N (%) N (%) N (%) N (%)
Number of participants 6054 229 3759 3284
Residential regions <0.001 <0.001
Urban residents 4293 (70.9) 122 (53.3) 2747 (73.1) 2146 (65.3)
Rural residents 1761 (29.1) 107 (46.7) 1012 (26.9) 1138 (34.7)
Education levels <0.001 <0.001
llliterate 478 (7.9) 51(22.3) 562 (15) 932 (284)
Primary school 2185 (36.1) 128 (55.9) 1442 (38.4) 1483 (45.2)
Diploma 2602 (43.0) 46 (20.1) 1348 (35.9) 849 (25.9)
University 789 (13) 4(1.7) 407 (10.8) 20 (0.6)
BMI classification (Kg/m2) 0.003 <0.001
Underweight 62 (1.0) 5(2.2) 9(0.2) 8(0.2)
18.5-24.9 normal weight 1695 (28) 43(18.8) 657 (17.5) 357 (10.9)
25-29.9.9 overweight 2747 (45.4) 106 (46.3) 1494 (39.79) 1159 (35.3)
>30 obese 1550 (25.6) 75(32.8) 1599 (42.4) 1760 (53.6)
Physical activity level ("METs) 0.09 0.89
Low 1856 (30.7) 59 (25.8) 1255 (33.4) 1114 (33.9)
Moderate 1197 (19.8) 40(17.5) 1713 (45.6) 1485 (45.2)
High 3001 (49.4) 130 (56.8) 791 (21) 685 (20.9)
Quintiles of wealth index <0.001 <0.001
1 (poorest) 996 (16.5) 7137 923 (24.6) 785 (23.9)
2 1158 (19.1) 69 (30.1) 665 (17.7) 836 (25.5)
3 1123 (18.5) 39(17) 669 (17.8) 600 (18.3)
4 1259 (20.8) 26 (11.4) 856 (22.8) 606 (18.5)
5 (richest) 1518 (25.1) 24 (10.5) 646 (17.2) 457 (13.9)
Current smoking status <0.001 0.13
non smoker 2953 (48.8) 78 (34.1) 3727 (99.1) 3243 (98.8)
Ex-smoker 1074 (17.7) 47 (20.5) 9(0.2) 17 (0.5)
smoker 2027 (33.5) 104 (45.4) 23(0.6) 24(0.7)
Age classification (years) <0.001 <0.001
35-45 2220 (36.7) 45(19.7) 1856 (49.4) 1112 (33.9)
46-55 2067 (34.1) 105 (45.9) 1220 (32.5) 1159 (35.3)
56-70 1767 (29.3) 79 (34.5) 683 (18.2) 1013 (30.8)
Common chronic diseases
Hypertension 864 (14.3) 45(19.7) 0.02 683 (18.2) 948 (28.9) <0.001
Diabetes 612 (10.1) 32(14) 0.05 368 (9.8) 483 (14.7) <0.001
Cancers 19(0.3) 3(1.3) 0.01 22 (0.6) 26 (0.8) 0.29
Fatty liver 243 (4) 9(3.9) 0.94 185 (4.9) 208 (6.3) 0.01
Stroke 46 (0.8) 5(.2) 0.01 16 (0.4) 35(1.1) 0.002
CvD 344 (5.7) 18(7.9) 0.16 86 (2.3) 169 (5.1) <0.001
COPD 166 (2.7) 6(2.6) 091 132 (3.5) 159 (4.8) 0.005
Thyroid disorder 24 (2) 3(1.3) 043 519(13.8) 488 (14.9) 0.20
Depression 473 (7.8) 17 (74) 0.82 797 (21.2) 892 (27.2) <0.001
Number of chronic Diseases 0.005 <0.001
0-1 5009 (82.7) 173 (75.5) 2669 (71) 1874 (57.1)
>2 1045 (17.3) 56 (24.5) 1090 (29) 1410 (42.9)
mean+SD mean +SD **p mean +SD mean=*SD **p
Age (years) 49.89+9.16 52.83+857 <0001  47.01+851 50.32+9.04 <0.001
Height (cn) 170.19+6.67 169.38+6.46 0.06 156.44+6.11 155.79+5.80 <0.001

Weight (kg) 79.53+13.59 81.20+14.10 0.06 71.88+1241 7485+13.19 <0.001
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Table 2 (continued)
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First marriage age (years)

First marriage age (years)

Adult marriage>18

Child marriage<18  *P

Adult marriage>=18  Child marriage<18  *P

Male Female

N (%) N (%) N (%) N (%)
Waist circumference (cm) 95.27+£11.09 97.60+£11.52 0.002 91.93+10.81 95.13+£11.05 <0.001
BMI (kg/m?) 2743+4.25 28.27+4.52 0.003 29.37+4.85 30.81+5.04 <0.001

CVD: Cardiovascular diseases, COPD: Chronic obstructive lung disease
*P: Chi-Sqaure
**P: Independent -t-test

in socioeconomic conditions, cultural norms, measure-
ment approaches, and data sources.

The first factor may relate to differences in the age
ranges studied; some studies classify participants as
18-49 years, while others include those aged 18 years
and older. In the present study, the age range was 35-70
years. A second factor is the country in which the sur-
vey was conducted, since some countries, particularly
in sub-Saharan Africa and South Asia, report the high-
est prevalence of child marriage globally [38]. A final
factor concerns the rural-to-urban composition of the
study population. For example, in the study by Mim et al.,
nearly 70% of participants resided in rural areas, where
child marriage is substantially more common than in
urban areas [37]. In contrast, only 30% of our sample
lived in rural areas. In Iran, the documented rate of child
marriage is 1 in 10 girls overall, compared with 1 in 5
girls in rural areas [39].

Overall, after adjustment, the odds of chronic diseases,
including hypertension, diabetes, CVD, stroke, depres-
sion, and MM, increased with child marriage. After
stratifying by gender, the pattern changed. In men, the
associations became non-significant after controlling for
confounders, whereas in women, they remained signifi-
cant even after adjustment.

These findings align with studies that reported a signifi-
cant relationship between child marriage and NCDs [19,
20, 22, 40, 41]. Datta et al. analyzed nationally represen-
tative data on Indian women and observed that the risks
of hypertension and diabetes increased by 1.29 and 1.23
times, respectively, among those married in early adoles-
cence [19]. Another study found that child brides had a
1.5-fold higher risk of developing hypertension in young
adulthood compared with women who married in adult-
hood [40]. Vikram et al. also reported increased likeli-
hoods of hypertension, diabetes, asthma, and thyroid
disorders associated with child marriage [22].

Hypertension and diabetes are major contributors to
CVD, the leading cause of premature mortality world-
wide [42]. In our study, women who married as children
had a significantly higher risk of chronic diseases. These
conditions contribute to increased premature mortal-
ity [43]. Health policymakers should introduce targeted

programs for this group across the life course. Our find-
ings, consistent with prior research, indicate that the risk
of chronic disease in women married as children rises
in adulthood. Moreover, despite the high prevalence of
these conditions, survey data show that most women
with hypertension do not receive appropriate treatment
[40]. As noted, the higher disease burden among women
who experienced child marriage likely reflects intersect-
ing social, biological, and psychological factors. Early
marriage often disrupts education and economic par-
ticipation and reinforces dependence and vulnerability,
which can harm health [32, 34]. Early and repeated preg-
nancies raise the risks of obstetric complications, repro-
ductive morbidity, and nutritional deficits, intensifying
long-term health vulnerabilities [44—46]. Child marriage
has also been linked to depression, anxiety, and trauma,
and the chronic stress associated with these conditions
can worsen both physical and mental illness [47].

Despite a global decline in child marriage rates, includ-
ing in Iran, this issue remains a significant concern. The
government should implement stricter laws to prevent
child marriage. Families, particularly in rural areas, also
need education about the health consequences of child
marriage, including reduced quality of married life and
undernutrition in children under five years of age [48].
Prior studies show that child marriage in women cor-
relates with poorer psychological well-being and higher
rates of depression [41, 49]. In this study, the odds of
depression among women who married as children were
31% higher than among those who married as adults,
reinforcing previously reported reductions in quality of
life.

An intriguing finding of this study is that, overall, par-
ticipants of both genders showed higher odds of obesity
after adjustment; the odds were 1.5 times greater in the
child marriage group than in the adult marriage group.
Consistent with these results, Datta et al. reported
adjusted odds of obesity of 1.5 (CI: 1.3-1.7) among
women who married as children compared with those
who married as adults, after controlling for socio-demo-
graphic factors [16].

The high prevalence of obesity and other NCDs in
this population, particularly among women, may stem



Female

Hajiaalilu et al. BMC Public Health (2025) 25:4192 Page 8 of 12
Table 3 The association between age at first marriage and chronic diseases by gender
Model 1 Model 2 Model 3
OR (95% CI) P OR (95% Cl) P OR (95% Cl) P
Common chronic diseases First marriage age (years)
Diabetes Child marriage< 18 1.54(1.38-1.73) <0.001 1.28(1.11-147) 0.001 1.26(1.10-1.45) 0.001
Adult marriage>18 reference
Hypertension Child marriage< 18 2.10(1.92-2.30) <0.001 1.37(1.22-1.53) <0.001 1.36(1.21-1.52) <0.001
Adult marriage>18 reference
[@Yp) Child marriage<18 1.22 (1.02-1.46) 002 1.53(1.21-1.92) <0.001 1.55(1.23-1.96) <0.001
Adult marriage>18 reference
Stroke Child marriage<18 1.81(1.21-2.70) 0.004 1.83(1.09-3.08) 002 1.91(1.12-3.24) 0.01
Adult marriage>18 reference
Fatty liver Child marriage< 18 144(1.22-1.70)  <0.001 1.23(1.01-1.49) 003 1.24(1.02-1.51) 0.03
Adult marriage>18 reference
COPD Child marriage< 18 1.57(1.29-191)  <0.001 1.22(0.97-1.53) 0.08  1.19(0.95-1.50) 0.12
Adult marriage>18 reference
Depression Child marriage<18 234(2.13-258)  <0.001 1.32(1.19-147) <0.001 1.32(1.19-148) <0.001
Adult marriage>18 reference
Thyroid disorder Child marriage<18 231(.04-262) <0001 1.06(0.93-1.21) 035 1.07(0.93-1.22) 0.31
Adult marriage>18 reference
Cancer Child marriage< 18 1.98 (1.23-3.19) 0.005 1.22(0.70-2.14) 047  1.26(0.72-2.22) 0.41
Adult marriage>18 reference
Obesity Child marriage< 18 2.31(2.14-2.50) <0.001 1.51(1.38-1.65) <0.001 1.50(1.37-1.65) <0.001
Adult marriage>18 Reference
Number of chronic Diseases
22 Child marriage< 18 257(237-279) <0001 152(1.37-1.67) <0.001 1.52(1.37-1.67) <0.001
Adult marriage>18 Reference
Gender
Male
Common chronic diseases  First marriage age years
Diabetes Child marriage< 18 144 (0.98-2.11) 0.06 1.27(0.86-1.9) 022 1.30(0.87-1.94) 0.19
Adult marriage>18 reference
Hypertension (Child marriage<18 146 (1.05-2.05) 0.02 1.22(0.86-1.75) 025 1.23(0.86-1.76) 0.25
Adult marriage>18 reference
CvD Child marriage<18 141 (0.86-2.31) 016  1.07 (0.64-1.79) 077 116 (0.69-1.95) 0.56
Adult marriage>18 reference
Stroke Child marriage<18 291 (1.14-7.40) 0.02 201(0.78-5.19) 0.14  2.28(0.87-5.97) 0.09
Adult marriage>18 reference
Fatty liver Child marriage< 18 0.97 (0.49-1.92) 094  1.05(0.53-2.09) 087 1.24(0.62-247) 0.53
Adult marriage>18 reference
COPD Child marriage< 18 0.95 (0.41-2.17) 091 095 (041-2.21) 092 083(0.36-1.91) 0.66
Adult marriage>18
Depression Child marriage< 18 0.94 (0.57-1.56) 082 0.86(0.51-142) 056  0.89(0.53-1.48) 0.66
Adult marriage>18 reference
Thyroid disorder Child marriage< 18 0.63 (0.20-2.01) 044 0.59(0.18-1.899) 038 067(0.21-2.14) 0.50
Adult marriage>18 reference
Cancer Child marriage< 18 4.21(1.23-14.35) 0.02  3.08 (0.89-10.67) 0.07 299 (0.85-10.54) 0.08
Adult marriage>18 reference
Obesity Child marriage< 18 141 (1.07-1.88) 0.01 1.39(1.04-1.84) 0.02  1.43(1.07-1.90) 0.01
Adult marriage>18 reference
Number of chronic Diseases
>2 Child marriage< 18 1.55(1.14-2.11) 0.005 1.31(0.95-1.81) 0.09  1.41(1.02-1.95) 0.03
Adult marriage>18 reference
Gender
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Table 3 (continued)
Model 1 Model 2 Model 3
OR (95% CI) P OR (95% Cl) P OR (95% Cl) P
Common chronic diseases First marriage age (years)
Common chronic diseases  First marriage age (years)
Diabetes Child marriage< 18 1.58(1.37-1.83) <0.001 1.26(1.09-1.47) 0.002 1.25(1.08-1.46) 0.003
Adult marriage>18 reference
Hypertension Child marriage< 18 1.82(1.63-2.04) <0001 1.37(1.21-1.55) <0.001 1.37(1.21-1.55) <0.001
Adult marriage>18 reference
CvD Child marriage<18 231(1.78-3.01)  <0.001 1.69(1.29-2.22) <0.001 1.67(1.27-2.20) <0.001
Adult marriage>18 reference
Stroke Child marriage <18 2.52(1.39-4.56) 0002 1.84(1.0-337.037) 004 1.84(1.00-3.37.0037) 0.04
Adult marriage> 18 reference
Fatty liver Child marriage< 18 1.30 (1.06-1.60) 0.01 1.18 (0.96-1.46) 0.10  1.19(0.96-1.47) 0.09
(Adult marriage > 18) reference
COPD Child marriage< 18 1.39 (1.10-1.77) 0.005 1.28 (1.0-1.63.0.63) 0.04 1.27(1.00-1.62.00.62) 0.04
Adult marriage>18 reference
Depression Child marriage< 18 1.38(1.24-1.54) <0001 1.36(1.21-1.52) <0.001 1.35(1.20-1.51) <0.001
Adult marriage>18 reference
Thyroid disorder Child marriage< 18 1.09 (0.95-1.24) 020 1.08(0.94-1.24) 024  1.09(0.95-1.25) 0.21
Adult marriage>18 reference
Cancer Child marriage< 18 1.35(0.76-2.39) 0.29  1.06 (0.59-1.90) 0.82 1.10(0.61-1.98) 0.73
Adult marriage>18
Obesity Child marriage< 18 1.56 (1.42-1.71)  <0.001 1.50(1.37-1.66) <0.001 1.50(1.36-1.65) <0.001
Adult marriage>18 reference
Number of chronic Diseases
>2 Child marriage< 18 1.84 (1.66-2.03) <0.001 1.54(1.39-1.71) <0.001 1.53(1.38-1.70) <0.001
Adult marriage>18 reference

CVD:Cardiovascular diseases; COPD: Chronic obstructive lung diseases

Model 1: Crude OR; Model 2: Adjusted for age, gender (if applicable), residence region, smoking status; Model3: adjusted for age, gender (if applicable), residence

region, physical activity (MET), Wealth score index

from several factors. A significant factor is child mar-
riage, which often marks a difficult transition into adult-
hood and imposes adult responsibilities on young girls
and boys [50]. Furthermore, child marriage can intro-
duce additional stressors that extend beyond repro-
ductive challenges. Adverse childhood experiences can
also disrupt the hypothalamic-pituitary-adrenal (HPA)
axis under stress. Such responses relate to changes in
metabolism and eating patterns, which may increase
the likelihood of obesity in both children and adults
[50]. Childhood obesity, as well as obesity in later life,
is a significant risk factor for hypertension, diabetes,
and other metabolic disorders [51, 52]. Childhood obe-
sity, as well as obesity in later life, is a significant risk
factor for hypertension, diabetes, and other metabolic
disorders.

This analysis, like other cross-sectional studies, has
limitations. The cross-sectional design prevents iden-
tification of causal pathways; longitudinal data could
address this in future research. Self-reported measures,
including age at marriage and NCDs, may be subject

to recall bias; future studies should incorporate objec-
tive health data and clinical or laboratory confirmation.
Despite these limitations, we demonstrate a significant
association between age at marriage and NCDs, which
deserves the attention of public health practitioners and
policymakers. Different combinations of NCDs used to
define MM may affect the observed associations; future
analyses should consider the Charlson Comorbidity
Index. Residual confounding and limited generalizability
beyond northwest Iran are additional constraints. Finally,
some associations became non-significant in men after
adjustment, which may reflect the relatively small num-
ber of male participants.

The large sample size is a major strength of this
research. In addition, the study examines early marriage
in both genders and assesses the health consequences
of child marriage for both. Previous work has mostly
focused on women or framed health outcomes in terms
of quality of life and reproductive health. Few studies
have evaluated the association between child marriage
and NCDs. This study helps address that gap.
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Conclusion

Our findings show that child marriage is more prevalent
among women than among men. We also found a sig-
nificant association between child marriage and NCDs,
especially in women. This result carries important impli-
cations. Despite global and national declines in child
marriage, concern about this issue persists. Research and
interventions have primarily focused on the reproductive
and sexual health (RSH) of women married as children.

ncer, (H) Chronic obstructive lung diseases, (1) Non-alcoholic fatty liver disease,

However, given the evidence linking child marriage to
NCDs in this group, especially women, our study dem-
onstrates the need for health systems to adapt to emerg-
ing NCD-related needs. Such adaptation is crucial for
addressing the complex health needs of this vulnerable
group across the life course. In addition, screening pro-
grams for early NCD detection in child-married women,
gender-sensitive health education, and community-based
interventions to prevent early marriage are needed.
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