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Abstract

Background
Most previous studies, conducted in non-Middle Eastern populations, have suggested that increase in the
number of parity/live birth(s) leads to cardiovascular disease (CVD) development, although this issue is
still controversial among both sexes. Biologic and socioeconomic pathways were suggested to explain
this association. We studied this issue among urban Iranian men and women.

Methods
In this population-based cohort study, included 3929 women and 2571 men aged ≥ 30 years, Data for
number of parity/live birth(s) were obtained by standard questionnaire. Participants were then annually
followed for CVD events. Multivariate Cox proportional hazard models were used to estimate hazard
ratios (HRs), and 95% con�dence intervals (CIs) for the number of parity/live birth(s) and other traditional
CVD risk factors.

Results
During more than 15 years of follow-up, 456 and 524 CVD events have occurred among women and men,
respectively. Among women, a J-shaped association was found between the number of live births and
incident CVD with the lowest risk for women with 2 live births. Among women in multivariate analyses,
each unit increase in parity had a HR of 1.05 (CI: 1.01–1.10) and having ≥ 4 parities was associated with
a HR of 1.86 (0.97–3.56, p-value = 0.061). Among men, in comparison with participants who had 1 child,
multivariate HRs of having 2, 3 and ≥ 4 children were 1.97 (1.24–3.12), 2.08 (1.31–3.31) and 2.08 (1.30–
3.34), respectively.

Conclusion
To the best of our knowledge, the current study is the �rst report of this issue in the Middle East and North
Africa region, a region with high burden of CVD. It can now be suggested that the number of parity/live
birth(s) is linked to CVD among the Iranian population, with this issue being more prominent among men.
Further research is needed to support our results and clarify the pathways between the number of
parity/live birth(s) and CVD development among Iranian populations by considering potential factors,
especially psycho-socio-economic factors.

Background
According to the latest GBD (Global Burden of Disease) data, cardiovascular disease (CVD) is the most
common non-communicable disease, responsible for 17.8 million deaths in 2017[1]. Likewise, two



Page 3/20

consequences of CVD (stroke and coronary heart disease (CHD)) are the leading causes of mortality
around the world[2, 3]. Statistics show that the effects of this phenomenon in the Middle East and North
Africa (MENA) region are more prominent[2, 4]. In this region, Iran, while reporting modest mortality from
CVD, is among the countries with the highest prevalence of CVD, with an approximate prevalence of 11%
[2].

In addition to traditional modi�able CVD risk factors such as obesity, hypertension, hypercholesterolemia,
diabetes and smoking, it was shown that some reproductive factors can have a role in CVD
development[5]. Pregnancy, as one of the most important events during a women's life, is associated with
several cardiometabolic changes, including weight gain, dyslipidemia, increased plasma glucose and
insulin resistance. While these kinds of changes are considered as normal physiological change, which
are bene�cial to both mother and fetus, they can also increase the prevalence of potential risk factors for
CVD. Additional stressors such as endothelial dysfunction, in�ammation and hemostasis process during
pregnancy may exacerbate this situation[6–8]. Results of previous studies on the association of parity
(i.e., number of pregnancies reaching viable gestational age) and gravity (i.e., number of times a woman
is or has been pregnant, regardless of the pregnancy outcome) with the risk of CVD are inconsistent and
controversial[8, 9]. Peters et al. showed that among 10 European countries, parous women had a 19%
higher risk of CHD than nulliparous women; with this risk reaching up to 95% among women who had ≥ 5
children[9]. On the other hand, some others reported no signi�cant association between parity and
CVD[10–12]. Moreover, a J-shaped relationship was reported between parity and CVD among a Swedish
female population, in which women with 2 births had the lowest risk of CVD, as compared with
nulliparous and other parous women[7].

In addition to biomedical factors, some socioeconomic and lifestyle factors, which have a two-way
causal relationship with the number of children and other reproductive factors, can play a role in CVD
development[13, 14]. This socioeconomic and lifestyle pathway is applicable not only to mothers, but
also to fathers. A few previous studies examined the effect of the number of live births on CVD
development among men; however, this issue is controversial among men as well[15, 16].

To the best of our knowledge, most previous studies related to these issues have been conducted in
developed and Western countries and there is a lack of information on the effect of number of parity/live
birth(s) on CVD development in the MENA region, a region with a high burden of CVD [2, 4]. The aim of
the current study is to determine whether the number of parity/live birth(s) is an independent risk factor
for incident CVD among Iranian women and men aged ≥ 30 years, over 15 years of follow-up. Data was
collected from the oldest cohort of the MENA region, namely the Tehran Lipid and Glucose Study (TLGS).

Methods

Study design and study population
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This study was conducted within the framework of TLGS, which is a community-based cohort study on a
representative sample of residents of Tehran. TLGS pursues aims to determine the prevalence and
incidence of non-communicable diseases and their risk factors and also prevent these diseases by
advancing healthier lifestyles. TLGS enrollment has been conducted in two phases; phase one (January
31, 1999- July 03, 2001) and phase two (October 20, 2001- September 22, 2005). Data collection is
planned to continue for at least 20 years at approximate 3-year intervals. More details of TLGS design
and enrollment have been reported elsewhere[17].

5223 women and 4330 men aged ≥ 30 years (4459 women and 3468 men from phase I and 764 new
women and 862 new men from phase II) were enrolled. Participants were excluded if they were single
(194 women and 179 men), prevalent CVD cases (281 women and 318 men) and those with no live births
(21 women and 8 men) leading to a total of 4727 women and 3825 men. Moreover, other exclusions
included those with missing data on the number of parity/live birth(s) (198 women and 1045 men),
missing information on covariates including body mass index (BMI), fasting plasma glucose (FPG), total
cholesterol (TC), systolic/diastolic blood pressure (SBP/DBP), education level, smoking status, family
history of premature CVD and history of oral contraceptive pill (OCP) use (198 women and 177 men,
considering overlap features in the number of missing data between covariates). Also, subjects with no
follow-up data (402 women and 32 men) were excluded. This left us with a total of 3929 women and
2571 men that were eligible for analysis.

Clinical and laboratory measurements
A trained nurse collected data for demographic data, past medical history, drug history, family history of
premature CVD, education level, marital status, smoking habits and level of physical activity using a
structured questionnaire. Questionnaires also included data on the history of abortion and the number of
parity/live birth(s).

According to TLGS setting[17], measurements of weight and height were done with shoes removed and
wearing light clothing. Weight was measured to the nearest 100 grams. Using a tape meter, the height of
individuals was measured in a standing position. After a 15-min rest in a sitting position, two
measurements of SBP and DBP were taken on the right arm. The mean of two measurements was
de�ned as the subject’s blood pressure (BP).

On the day of blood collection, after 12 to 14 hours of overnight fasting, a blood sample was collected
between 7:00 and 9:00 AM from all participants in the TLGS research laboratory. Samples were analyzed
on the same day. Details for laboratory measurements including FPG, TC, high-density lipoprotein
cholesterol (HDL-C) and triglycerides (TG) are published elsewhere[17].

Outcome assessment
CVD data collection has been described in detail elsewhere[17]. Brie�y, participants were interviewed by
trained nurses through annual phone call for any cardiovascular events. Moreover, any reported event
was followed-up by a trained physician through home visits and data collection from medical documents
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or death certi�cations (in case of mortality). Finally, the outcome committee which included an internist,
an endocrinologist, a cardiologist, an epidemiologist and other professionals when needed, evaluated the
outcome data for this study and con�rmed events. A CHD event included cases of de�nite myocardial
infarction (MI) (diagnosed by electrocardiogram (ECG) and biomarkers), probable MI (positive ECG
�ndings and cardiac symptoms plus missing biomarkers or positive ECG �ndings plus equivocal
biomarkers), unstable angina pectoris (new cardiac symptoms or changing symptom patterns and
positive ECG �ndings with normal biomarkers), angiographic-proven CHD, and cardiac death (any death
in the hospital due to CHD based on the above-mentioned criteria, or sudden cardiac death caused by
cardiac disease happening ≤ 1 h after initiation of symptoms according to verbal autopsy �les). CVD was
considered as a composite measure of any CHD event, fatal or non-fatal stroke (de�ned as a new
neurological de�cit lasting ≥ 24 h) and cerebrovascular death.

De�nition of terms
Type 2 diabetes mellitus (T2DM) was de�ned as FPG ≥ 7 mmol/L or use of glucose-lowering
medications. Hypercholesterolemia was de�ned as TC ≥ 5.18 mmol/L or use of lipid-lowering
medications. Hypertension was de�ned as either SBP ≥ 140 mmHg or DBP ≥ 90 mmHg or use of
antihypertensive medications. Smoking status was categorized as current and former smokers versus
never smokers. Education levels were categorized as having < 6 years (reference group), 6–12 years, and
> 12 years of formal education. A positive family history of premature CVD included any history of
CHD/stroke in a male �rst-degree relative aged < 55 years or female �rst-degree relative aged < 65 years.
Low physical activity was de�ned as being physically active < 3 days per week based on the TLGS using
the Lipid Research Clinic (LRC) questionnaire for participants who were enrolled at phase I. Moreover, for
participants who were enrolled at phase II, using the Modi�able Activity Questionnaire (MAQ), individuals
with < 600 MET (metabolic equivalent task-minutes per week) were considered as low physical activity
group [17, 18]. Parity was considered as the number of live childbirth plus the number of stillbirth (de�ned
as birth of an infant that died in the mother's uterus, after 20 weeks of gestation). A positive history of
abortion was de�ned as the loss of an embryo or fetus before the 20th week of pregnancy.

Statistical Analyses
All analyses were done separately for each gender. Baseline characteristics across the number of live
births (1, 2, 3 and ≥ 4) are expressed as mean ± SD for continuous and number (%) for categorical
variables. To compare baseline characteristics among different groups, ANOVA (or Kruskal–Wallis for
skewed variables) and chi-square tests were employed for continuous and categorical variables,
respectively.

In order to be able to capture a potential nonlinear association between the number of live births and
incident CVD, multivariate restricted cubic splines with 4 knots which de�ned the 5th, 25th, 75th, and 95th
percentile, were used. This method enabled us to modify the model across the number of live births while
considering a dose-response relationship [19]. Cox proportional hazard models were applied to evaluate
the association of the number of parity/live birth(s) with incident CVD in 2 models: model 1 included
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baseline measurements of age; model 2 further adjusted with BMI, T2DM, hypertension,
hypercholesterolemia, education level, smoking status and family history of premature CVD for both
sexes, as well as history of abortion and OCP use for women. The hazard ratios (HRs) and 95%
con�dence intervals (95% CI) were reported for the number of parity/live birth(s) and other risk factors.

The proportionality in the Cox model was evaluated with the Schoen�ld residual test and generally, all
proportionality assumptions were appropriate. Statistical analyses were performed using STATA version
14 (StataCorp LP, College Station, Texas), statistical software. P- values < 0.05 were considered
statistically signi�cant.

Results
Baseline characteristics according to the number of live births are presented in Table 1 for both sexes.
Generally, among continuous variables cardiometabolic risk pro�les became worse with increases in the
number of live births. Thus, having more live births was associated with older age, higher BMI (only
among women), increased BP and higher levels of FPG, TC and TG (only among women). Similarly,
among categorical variables, having more live births was associated with higher prevalence of T2DM,
hypercholesterolemia and hypertension as well as higher use of glucose-lowering, lipid-lowering (only
among women) and antihypertensive medications. Furthermore, a positive history of abortion became
more prevalent with increases in the number of live births. Finally, as the number of live births increased,
the percentage of those with a higher degree of education levels decreased signi�cantly.

Among women, incident CVD occurred in 456 (11.6%) women during a median (interquartile range: IQR)
follow-up of 15.9 (11.7–16.5) years. Among men, the incident CVD occurred in 524 (20.4%) men during a
median (IQR) follow-up of 15.7 (11.3–16.4) years.

As shown in Fig. 1, we rejected the null hypothesis that CVD risk was a linear function of mean number of
live births. Among women, the associations between the number of live births and the risk of incident
CVD were J-shaped, so that the association of the number of live births with incident CVD appeared to
decrease until the number reached two live births. After this point, the association appeared to rebound.
Furthermore, the association was non-linear among men.

Multivariate HRs of incident CVD per additional live birth are shown in Table 2 for both sexes. When live
birth was adjusted with age in model 1, each additional live birth was associated with HRs of 1.07 [CI:
1.03–1.12] for women and 1.02 [0.97–1.08] for men, which were signi�cant among women. However,
after further adjustment in multivariate model 2, the HRs for each additional live births reached 1.04
[0.99–1.09] among women and 1.01 [0.95–1.07] among men. In comparison with women with 1 live birth
in model 1, only women with ≥ 4 live births had an age-adjusted HR of 2.17 [1.18-4.00]; after more
adjustment in model 2, the corresponding HR reached 1.72 [0.92–3.21, P-value = 0.087].

Among men, in comparison with those with 1 live birth, men with 2, 3 and ≥ 4 live births had a higher risk
of incident CVD; the risks were signi�cant in the full-adjusted model 2 by HRs of 1.97 [1.24–3.12], 2.08
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[1.31–3.31], 2.08 [1.30–3.34], respectively. Importantly, beside the number of live births, traditional CVD
risk factors including T2DM, hypertension, hypercholesterolemia, family history of premature CVD, former
and current smoking were signi�cantly associated with incident CVD in model 2 (Table 3).

Each unit increase in parity had an age-adjusted HR of 1.08 [1.04–1.13] among women in model 1; the
HR remained at signi�cant levels (1.05 [1.01–1.10]), even after further adjustment in multivariate model 2
(Table 4). In comparison with women with 1 parity, the age-adjusted HRs were 0.97 [0.47-2.00] and 1.41
[0.72–2.76] among those with 2 and 3 parities, respectively. Moreover, having ≥ 4 parities had an age-
adjusted HR of 2.34 [1.24–4.43] and after further adjustment in multivariate model 2, it also remained
marginally signi�cant (1.86 [0.97–3.56], P-value: 0.061). Importantly, beside the number of parity,
traditional CVD risk factors including T2DM, hypertension, hypercholesterolemia, family history of
premature CVD and current smoking were signi�cantly associated with incident CVD in model 2 (Table 5).

 
 

Discussion
This is the �rst population-based study conducted in the MENA region (a region with a high burden of
CVD[4]) which examines the impact of the number of parity/live birth(s) on incident CVD events among
both sexes during more than 15 years of follow-up.

Among women, the number of live births has a J-shaped association with incident CVD, with the lowest
risk for those with 2 births. After adjustment for a wide series of important risk factors including age,
T2DM, hypertension, hypercholesterolemia, smoking and positive history of premature CVD -all of which
remained signi�cant risk factors in our analysis - each unit increase in parity was associated with a 5%
higher risk of CVD events among women. Moreover, women with ≥ 4 parities had a more than 80% higher
risk for incident CVD (marginally signi�cant). Focusing on men, in comparison with participants who had
1 live birth, those with 2, 3 and ≥ 4 live births had about 100% higher risk for incident CVD in the presence
of important traditional risk factors.

The �ndings of the current study about the association of parity number with incident CVD among
women are consistent with a meta-analysis study on this issue by Li et al[8]. in which they found a non-
linear J-shaped dose-response relationship between the number of parity and CVD among women. They
also reported that each unit increase in the number of live birth led to a 4% increased risk of incident CVD;
however, the authers showed signi�cant high heterogeneity between studies (I2 = 89.6%). In another meta-
analysis[20], Lv et al. also found a similar J-shaped association between parity number and CVD
mortality with the lowest risk for women with 4 live births. They also found that each live birth was
associated with a 1% non-signi�cant increased risk for CVD mortality (I2 = 86.4%). It should be noted that
the signi�cant heterogeneity in these two meta-analyses[8, 20] could be related to different study
populations, sample sizes and other epidemiologic aspects of studies. Marginally signi�cant increased
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CVD risk for women with ≥ 4 parities in our results agrees with the �ndings of other studies[21, 22].
Furthermore, our �ndings are in line with some previous cohort studies on CVD morbidity and mortality
risk assessment which show a J- or U-shaped association with the lowest risk for women with 2 live
births or parities[7, 23]. However, in some others, there is no relation among women across the number of
parity/live birth(s)[10, 12, 24] or their signi�cance of association was lost after adjustment for other
factors[11, 25, 26].

Although most of the previous studies on the current issue, focused only on women, the limited data on
men was controversial as well[15]. Similar to the current report, Peters et al. reported that in comparison
with Chinese men who had 1 child, men with ≥ 2 children and men with ≥ 3 children had a higher risk of
incident CHD and stroke, respectively. Among Chinese men, they also showed that each additional child
signi�cantly increased the risk of CHD and stroke by 3% and 2%, respectively[16], although we did not �nd
a linear relationship between the number of live births and incident CVD among Tehranian men. On the
other hand, Eisenberg et al. found a negative association between the number of offspring with CVD
mortality and each additional child decreased the risk of CVD mortality by 2% among American men[15].
Furthermore, some previous studies could not detect any signi�cant association between the number of
live births and CVD mortality and morbidity among men[27, 28]; however, some others reported a J- or U-
shaped association among men which was similar to their female population study[23, 29].

A possible explanation for the association between parity and incident CVD in women is the biologic
pathway. During pregnancy, some physiologic changes can have adverse effects for incident CVD which
remained even after delivery, including weight gain, dyslipidemia, increased plasma glucose and insulin
resistance as well as endothelial dysfunction and in�ammatory and hemostatic processes[6–8]. In the
light of multiple pregnancies, exposure time to these changes increased[8, 30]. This accumulative effect
of repeating parity on traditional risk factors might be an important neglected residual confounding
factor in the current study and similar researches in this �eld.

Beside the impact of the biologic pathway, psycho-socio-economic factors were reported to have a
potentially important role in the pathway between number of children and CVD development in both
parents[13, 14]. In a previous study on a Swedish population, Barclay et al. compared the effect of the
number of live births on CVD mortality between adoptive and biologic parents[13]. They showed that CVD
mortality is higher in biological parents than adoptive parents which means that the biologic pathway
had inevitable effects for this issue. On the other hand, �nding a U-shaped pattern in this study among
adoptive male parents suggested that the biological pathway couldn't be the only explanation for their
�ndings and the socioeconomic and lifestyle pathway should be considered as another explanation.
Moreover, some previous studies[14, 16, 23] have found a similar pattern for men and women in their
population study which con�rmed the strong role of socioeconomic and lifestyle pathway. It should be
considered that during our study recruitment period, the policy of the Iranian government was based on
reducing population growth; so there was minimal economic support for Iranian parents[31]. Furthermore,
according to the data of the statistical center of Iran in 2017, household income per capita reduced with
increased family size [32] which means parents with more children might be under greater economic



Page 9/20

pressure. These economic problems could have adverse effects on socioeconomic status which can lead
to CVD development through psychosocial factors (anxiety and depression development), using
unhealthier diet, smoking initiation, limiting leisure-time physical activity, poor access to health care and
little knowledge about diseases[33–35]. Since the head of the Iranian family is traditionally the father
[36], the stronger effect the of number of children among men is expectable through the socioeconomic
and life style pathway; the issue needs serious and deep investigations in future studies.

The strengths of the current study consist of addressing the effect of the number of parity/live birth(s) on
CVD development among both sexes in the MENA region (a region with high burden of CVD) for the �rst
time, with standardized measurements for assessment of traditional risk factors rather than relying on
self-reported data and adjudicated CVD events. The current study was limited in several ways. First,
potential risk factors were considered at the time of baseline phases and possible changes in risk factors
as well as the number of parity/live birth(s), were not considered during the follow-up period. Second, the
number of participants who hadn't had children was too low to permit us to compare the impact of
nulliparity with ever parity. Third, we did not have access to valid data on participant job status, income
and diet which can clarify the socioeconomic and lifestyle pathway. Although we considered education
status as a socioeconomic determinant, there was no strong relationship between education levels and
economic status among Iranian population [37]. Fourth, our population study included only residents of a
metropolitan city and cannot be generalized to rural populations.

Conclusion
To sum up, a J-shaped association was found between the number of live births and incident CVD
among women. Moreover, for CVD events, besides the effects of traditional risk factors, each additional
pregnancy increased the risk by 5%. We also found that women with ≥4 parities showed a marginally
signi�cant increased risk. Among men, those with only 1 child had the lowest risk of CVD events. It can be
suggested that the number of parity/live birth(s) is linked to CVD among the Iranian population, with this
issue being more prominent among men. Further research is needed to support our results and clarify the
pathways between the number of parity/live birth(s) and CVD development among the Iranian population
by considering potential factors, particularly psycho-socio-economic factors.
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Table 1:Baseline characteristics according to the number of live births among women and men: Tehran Lipid and Glucose Study, Iran, 1999-
2018.

  Women  Men 

Number of Live births 1 2 3 4 ≤ P-
value*

1 2 3 4 ≤ P-
value*

Number of participants 305 906 906 1812   376 770 576 849  

Continuous variables, Mean
±SD

                   

Age (year) 38.2 ±
9.6

38.8 ±
7.5

44.0 ±
9.2

54.0 ±
9.9

<0.001 37.3 ±
8.0

41.6 ±
7.7

48.7 ±
9.2

58.8 ±
9.2

<0.001

BMI (kg/m2) 27.0 ±
4.3

27.6 ±
4.6

28.7 ±
4.5

29.6 ±
4.7

<0.001 26.1 ±
4.0

26.0 ±
3.6

26.3 ±
4.0

26.4 ±
3.8

0.214

SBP (mmHg) 112.0 ±
16.2

112.6 ±
14.7

118.5 ±
17.4

129.3 ±
21.9

<0.001 115.5 ±
14.7

115.9 ±
15.4

120.3 ±
18.1

128.6 ±
20.7

<0.001

DBP (mmHg) 74.6 ±
9.8

75.9 ±
9.7

78.7 ±
10.5

81.3 ±
11.0

<0.001 77.0 ±
11.0

77.0
±10.5

79.0 ±
11.5

80.2 ±
11.9

<0.001

FPG (mmol/L) 5.2 ±
1.6

5.1 ±
1.3

5.4 ± 1.6 6.1 ± 2.5 <0.001 5.2 ± 0.9 5.2 ± 1.2 5.6 ± 1.9 5.9 ± 2.2 <0.001

Total cholesterol (mmol/L) 5.2 ±
1.1

5.4 ±
1.1

5.6 ± 1.1 6.0 ± 1.3 <0.001 5.2 ± 1.1 5.3 ± 1.1 5.4 ± 1.1 5.4 ± 1.1 0.002

HDL-C (mmol/L) 1.2 ±
0.3

1.2 ±
0.3

1.1 ± 0.3 1.2 ± 0.3 0.349 1.0 ± 0.3 1.0 ± 0.2 1.0 ± 0.3 1.0 ± 0.2 0.128

Triglycerides (mmol/L) 1.37
(1.10)

1.45
(1.05)

1.70
(1.21)

1.97
(1.31)

<0.001 1.82
(1.42)

1.82
(1.27)

1.84
(1.44)

1.85
(1.29)

0.811

Categorical variables, n (%)                    

Smoking status         <0.001         <0.001

-        Never 281
(92.1)

834
(92.1)

854
(94.3)

1676
(92.5)

  188 (50) 391
(50.8)

302
(52.4)

483
(56.9)

 

-        Former  6 (2.0) 12 (1.3) 9 (1.0) 66 (3.6)   39 (10.4) 121
(15.7)

81
(14.1) 

165
(19.4)

 

-        Current 18 (5.9) 60 (6.6) 43 (4.7) 70 (3.9)   149
(39.6)

258
(33.5)

193
(33.5)

201
(23.7)

 

Education level         <0.001         <0.001

-        Illiterate/primary
school

56
(18.4)

144
(15.9)

334
(36.9)

1442
(79.6)

  41 (10.9) 96 (12.5) 154
(26.7)

521
(61.4)

 

-        Below
diploma/diploma

182
(59.7)

655
(72.3)

526
(58.1)

346
(19.1)

  253
(67.3)

505
(65.6)

302
(52.4)

268
(31.6)

 

-        Above diploma 67
(22.2)

107
(11.8)

46 (5.1) 24 (1.3)   82 (21.8) 169
(21.9)

120
(20.8)

60 (7.1)  

Low physical activity, yes 192
(63.0)

560
(61.8)

622
(68.7)

1283
(70.8)

<0.001 273
(72.6)

574
(74.5)

408
(70.8)

585
(68.9)

0.083

T2DM, yes 15 (4.9) 33 (3.6) 66 (7.3) 316
(17.4)

<0.001 11 (2.9) 30 (3.9) 64 (11.1) 117
(13.8)

<0.001

Hypercholesterolemia, yes 146
(47.9)

471
(52.0)

560
(61.8)

1347
(74.3)

<0.001 187
(49.7)

410
(53.2)

321
(55.7)

497
(58.5)

0.022

Hypertension, yes 27 (8.9) 115
(12.7)

196
(21.6)

744
(41.1)

<0.001 52 (13.8) 109
(14.2)

130
(22.6)

281
(33.1)

<0.001

Family history of premature
CVD, yes

55
(18.0)

172 (19) 165
(18.2)

322
(17.8)

0.896 60 (16.0) 126
(16.4)

80 (13.9) 98 (11.5) 0.031

Glucose-lowering
medication, yes

7 (2.3) 16 (1.8) 24 (2.6) 182
(10.0)

<0.001 3 (0.8) 15 (1.9) 15 (2.6) 52 (6.1) <0.001
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Lipid-lowering medication,
 yes

7 (2.3) 20 (2.2) 33 (3.6) 144 (7.9) <0.001 6 (1.6) 10 (1.3) 14 (2.4) 22 (2.6) 0.236

Antihypertensive medication,
yes

12 (3.9) 41 (4.5) 61 (6.7) 330
(18.2)

<0.001 5 (1.3) 17 (2.2) 22 (3.8) 56 (6.6) <0.001

OCP use, yes 18 (5.9) 90 (9.9) 63 (7.0) 43 (2.4) <0.001 - - - - -

History of abortion, yes 75
(24.6)

292
(32.2)

314
(34.7)

776
(42.8)

<0.001 - - - - -

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; 2h-PCPG:2-hour post-challenge
plasma glucose; HDL-C: high density lipoprotein cholesterol; T2DM: type 2 diabetes mellitus; CVD: cardiovascular disease; OCP: oral
contraceptive pill. Values are shown as Mean ±SD and number (%), for continuous and categorical variables, respectively; for TG values are
shown as Median (interquartile range).
* The comparison p-value between groups was calculated using ANOVA test for normal continues variables,  Kruskal–Wallis test for skewed
variables and chi-square test for categorical variables.
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Table 2. Multivariate hazard ratios (HR) and 95% confidence intervals (CI) of incident CVD per additional live birth among women and men:
Tehran Lipid and Glucose Study, Iran, 1999-2018.

  Women Men

  Model 1 Model 2 Model 1 Model 2

  HR (95%
CI)

p-
value

HR (95%
CI)

p-
value

HR (95%
CI)

p-
value

HR (95%
CI)

p-
value

Live birth (per each additional) 1.07 (1.03-
1.12)

0.002 1.04 (0.99-
1.09)

0.094 1.02 (0.97-
1.08)

0.474 1.01 (0.95-
1.07)

0.714

Age (year) 1.07 (1.06-
1.08)

<0.001 1.05 (1.03-
1.06)

<0.001 1.06 (1.05-
1.07)

<0.001 1.06 (1.05-
1.07)

<0.001

BMI (kg/m2)     1.01 (0.99-
1.03)

0.404     1.01 (0.99-
1.04)

0.219

T2DM, yes     2.37 (1.92-
2.91)

<0.001     2.41 (1.92-
3.01)

<0.001

Hypertension, yes     1.84 (1.49-
2.26)

<0.001     1.55 (1.28-
1.88)

<0.001

Hypercholesterolemia, yes      1.82 (1.38-
2.41)

<0.001     1.49 (1.24-
1.79)

<0.001

Low physical activity, yes     1.12 (0.91-
1.39)

0.282     1.03 (0.85-
1.26)

0.735

Education level                

-        Illiterate/primary

school

    Reference       Reference  

-        Below diploma/diploma     0.78 (0.59-
1.03)

0.084     1.14 (0.92-
1.41)

0.229

-        Above diploma     0.67 (0.34-
1.32)

0.248     0.96 (0.71-
1.29)

0.772

Smoking status                

-        Never     Reference       Reference  

-        Former     1.09 (0.71-
1.69)

0.693     1.27 (1.01-
1.59)

0.044

-        Current     1.65 (1.09-
2.50)

0.018     1.60 (1.30-
1.96)

<0.001

FH of premature CVD, yes     1.61 (1.31-
1.99)

<0.001     1.32 (1.04-
1.68)

0.023

History of abortion, yes     1.18 (0.98-
1.42)

0.088        

OCP use, yes     0.48 (0.20-
1.18)

0.109        

BMI: body mass index; T2DM: type 2 diabetes mellitus; OCP: oral contraceptive pill; CVD: cardiovascular disease; FH: family history
Model 1:  Adjusted with age.
Model 2:  for women: Adjusted with Age, BMI, T2DM, hypertension, hypercholesterolemia, education status, smoking status, family history of
CVD and OCP use; for men: Adjusted Age, BMI, T2DM, hypertension, hypercholesterolemia, education status, smoking status and family history
of CVD.
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Table 3. Multivariate hazard ratios (HR) and 95% confidence intervals (CI) of incident CVD according to the number of live births among women
and men: Tehran Lipid and Glucose Study, Iran, 1999-2018.

  Women  Men 

  Model 1 Model 2 Model 1 Model 2

  HR (95% CI) p-
value

HR (95%
CI)

p-
value

HR (95%
CI)

p-
value

HR (95%
CI)

p-
value

Number of Live births                

1 Reference    Reference   Reference   Reference  

2 0.89 (0.44-
1.80)

0.752 0.86 (0.43-
1.73)

0.676 2.00 (1.26-
3.16)

0.003 1.97 (1.24-
3.12)

0.004

3 1.57 (0.83-
2.97)

0.162 1.42 (0.75-
2.70)

0.279 2.25 (1.42-
3.58)

0.001 2.08 (1.31-
3.31)

0.002

≥ 4 2.17 (1.18-
4.00)

0.012 1.72 (0.92-
3.21)

0.087 2.20 (1.37-
3.52)

0.001 2.08 (1.30-
3.34)

0.002

Age (year) 1.07 (1.06-
1.08)

<0.001 1.04 (1.03-
1.06)

<0.001 1.05 (1.04-
1.06)

<0.001 1.05 (1.04-
1.06)

<0.001

BMI (kg/m2)     1.01 (0.98-
1.03)

0.613     1.01 (0.99-
1.04)

0.270

T2DM, yes     2.37 (1.93-
2.91)

<0.001     2.37 (1.89-
2.96)

<
0.001

Hypertension, yes     1.83 (1.49-
2.25)

<0.001     1.56 (1.29-
1.90)

<
0.001

Hypercholesterolemia, yes      1.80 (1.37-
2.38)

<0.001     1.47 (1.22-
1.77)

<
0.001

Low physical activity, yes     1.13 (0.91-
1.40)

0.266     1.04 (0.85-
1.26)

0.728

Education level                

-        Illiterate/primary school     Reference       Reference  

-        Below diploma/diploma     0.86 (0.64-
1.14)

0.284     1.14 (0.93-
1.41)

0.211

-        Above diploma     0.79 (0.40-
1.57)

0.503     0.96 (0.71-
1.29)

0.771

Smoking status                 

-        Never     Reference       Reference  

-        Former     1.11 (0.71-
1.71)

0.653     1.27 (1.01-
1.60)

0.039

-        Current     1.68 (1.11-
2.55)

0.014     1.60 (1.30-
1.97)

<
0.001

FH of premature CVD, yes     1.62 (1.32-
2.00)

<0.001     1.33 (1.05-
1.69)

0.020

History of abortion, yes     1.17 (0.98-
1.41)

0.090        

OCP use, yes     0.50 (0.20-
1.22)

0.126        

BMI: body mass index; T2DM: type 2 diabetes mellitus; OCP: oral contraceptive pill; CVD: cardiovascular disease; FH: family history. 
Model 1:  Adjusted with age.
Model 2:   for women: Adjusted with Age, BMI, T2DM, hypertension, hypercholesterolemia, education status, smoking status, family history of
CVD and OCP use; for men: Adjusted with Age, BMI, T2DM, hypertension, hypercholesterolemia, education status, smoking status and family
history of CVD.
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Table 4: Multivariate hazard ratios (HR) and 95% confidence intervals (CI) of incident CVD per additional parity among women: Tehran Lipid
and Glucose Study, Iran, 1999-2018.

  Model 1 Model 2

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

Parity (per each additional) 1.08 (1.04-1.13) <0.001 1.05 (1.01-1.10) 0.028

Age (year) 1.07 (1.06-1.08) <0.001 1.05 (1.03-1.06) <0.001

BMI (kg/m2)     1.01 (0.99-1.03) 0.415

T2DM, yes     2.36 (1.92-2.90) <0.001

Hypertension, yes      1.84 (1.49-2.26) <0.001

Hypercholesterolemia, yes     1.82 (1.38-2.41) <0.001

Low physical activity, yes     1.12 (0.91-1.39) 0.285

Education level        

-        Illiterate/primary school     Reference  

-        Below diploma/diploma     0.79 (0.59-1.05) 0.100

-        Above diploma     0.68 (0.34-1.34) 0.267

Smoking status        

-        Never     Reference  

-        Former     1.09 (0.71-1.69) 0.686

-        Current     1.65 (1.09-2.51) 0.017

FH of premature CVD, yes     1.62 (1.31-1.99) <0.001

History of abortion, yes     1.17 (0.97-1.41) 0.091

OCP use, yes     0.48 (0.20-1.18) 0.108

BMI: body mass index; T2DM: type 2 diabetes mellitus; OCP: oral contraceptive pill; CVD: cardiovascular disease; FH: family history.
Model 1: Adjusted with age.
Model 2: Adjusted with Age, BMI, T2DM, hypertension, hypercholesterolemia, education level, smoking status, family history of CVD and OCP
use.
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Table 5: Multivariate hazard ratios (HR) and 95% confidence intervals (CI) of incident CVD according to the number of parity among women:
Tehran Lipid and Glucose Study, Iran, 1999-2018.

  Model 1 Model 2

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

Number of parity        

-        1 Reference   Reference  

-        2 0.97 (0.47-2.00) 0.931 0.93 (0.45-1.93) 0.855

-        3 1.41 (0.72-2.76) 0.315 1.32 (0.67-2.60) 0.417

-        ≥ 4 2.34 (1.24-4.43) 0.009 1.86 (0.97-3.56) 0.061

Age (year) 1.07 (1.06-1.08) <0.001 1.04 (1.03-1.06) <0.001

BMI (kg/m2)     1.00 (0.98-1.03) 0.647

T2DM, yes     2.36 (1.92-2.90) <0.001

Hypertension, yes     1.82 (1.48-2.24) <0.001

Hypercholesterolemia, yes     1.80 (1.36-2.38) <0.001

Low physical activity, yes     1.13 (0.91-1.40) 0.255

Education level        

-        Illiterate/primary school     Reference  

-        Below diploma/diploma     0.87 (0.65-1.15) 0.321

-        Above diploma     0.79 (0.40-1.58) 0.510

Smoking status        

-        Never     Reference  

-        Former     1.11 (0.71-1.71) 0.649

-        Current     1.67 (1.10-2.53) 0.016

FH of premature CVD, yes     1.62 (1.32-2.00) <0.001

History of abortion, yes     1.17 (0.97-1.41) 0.092

OCP use, yes     0.49 (0.20-1.20) 0.121

BMI: body mass index; T2DM: type 2 diabetes mellitus; OCP: oral contraceptive pill; CVD: cardiovascular disease; FH: family history.
Model 1: Adjusted with age.
Model 2: Adjusted with age, BMI, T2DM, hypertension, hypercholesterolemia, education level, smoking status, family history of CVD and OCP
use.
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Figure 2


