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Parity and carotid atherosclerosis in elderly Chinese women
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Abstract

Background The relationship between parity and atherosclerosis has been reported in some ethnic populations. However, results re-
garding Chinese women are still lacking. This study aimed to investigate the association of parity and carotid atherosclerosis, which has a
predictive value of subsequent atherosclerotic events in elderly Chinese women. Methods A total of 2,052 participants from the medical
examination center of the Third Xiangya Hospital were enrolled in the study. A standardized, structured questionnaire was administered to
collect information on subjects’ demographic characteristics, socioeconomic status, and cardiovascular risk factors. High-resolution ultra-
sound was used to examine carotid plaques and carotid intima-media thickness (IMT). Results The mean age of participants was 66.1 £ 5.5
years. Women with more birth appeared to have a higher risk of carotid artery plaques. A multivariate-adjusted model yielded an odds ratio
of 1.38 (95% CI: 12%-70%, P = 0.003) per birth. A positive association was observed between parity and common carotid IMT (B + SE:
0.029 + 0.006, P < 0.001), and internal carotid IMT (B + SE: 0.011 £ 0.005, P = 0.03) in a univariate model; however, these associations
became non-significant in multivariate-adjusted models. When common carotid IMT was classified into an IMT > 1 mm group and an IMT
<1 mm group, higher parity was associated with more obvious thickening both in the unadjusted model (OR = 1.61, 95% CI: 1.29-2.00, P <
0.001) and in the fully adjusted model (OR = 1.43, 95% CI: 1.09—1.88, P = 0.01). Conclusions There is a positive association between
parity and risk of carotid plaques, as well as between parity and risk of obvious thickening for common carotid IMT in elderly Chinese
women, indicating multiparous women might experience more atherosclerotic challenges.
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1 Introduction of clinical cardiovascular events in parous women, espe-
cially in young individuals,""" it would be more meaningful
to investigate the association between parity and cardiovas-
cular diseases in older adults. Carotid atherosclerosis, in-
cluding the presence of carotid plaques and the carotid in-
tima-media thickness (IMT), used to be considered as a
well-validated marker for atherosclerotic burden.'>"*! It has
an important predictive value for subsequent cardiovascular
events, such as myocardial infarction and stroke. Changes in
carotid IMT have also been adopted as a surrogate endpoint
to assess the effect of lipid-lowering agents."'* The associa-
tion between parity and carotid atherosclerosis has been
reported in other ethnic populations,' ™ but the results on
elderly Chinese women are lacking. Herein, we performed a
cohort study with women aged > 60 years, aiming to assess
the association between parity and carotid atherosclerosis in
this cross-sectional analysis.

The association between parity and atherosclerosis risk in
women has been assessed in several studies.!"” Some stud-
ies have found that increased parity was associated with an
increased atherosclerosis risk,!' **”' whereas other studies
observed no association or even an increased risk of nul-
liparity.™*! Despite these conflicting evidences, the majority
of previous studies have demonstrated a positive associa-
tion.

Pregnancy is always accompanied by a series of impor-
tant changes for women, including changes in sex hormone
levels, hemodynamics, and insulin resistance. It is also as-
sociated with structural and functional changes in the
cardiovascular system.™ The relationships between parity
and risk of cardiovascular diseases have been investigated in
several prospective studies.””'”! Because of a low incidence
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center of the Third Xiangya Hospital between January 2016
and December 2019. The inclusion criteria were defined as
women aged > 60 years with detailed information on parity
and carotid artery plaques available. The exclusion criteria
included female individuals aged < 60 years and those with
missing data on parity and carotid plaque. Fifteen nullipa-
rous women were also excluded from the current analysis

subjects’ demographic characteristics, socioeconomic status,
marital history, cardiovascular risk factors, and medical
history. Parity distribution in the present study is shown in
Table 1. Parity was classified into four categories: one, two,
three, and four or more pregnancies (Table 2).

Table 1. Parity distribution in the present study.

due to small sample size. A total of 2,052 participants re- Cumulative  Cumulative
mained for statistical analysis. The study was conducted Parity  Frequency — Percentage frequency  percentage
according to the guidelines of the Helsinki Declaration, ap- 1 43 20.61 43 20.61
proved by the Institutional Ethics Review Committee, and 2 954 46.49 1377 67.11
all participants provided written informed consent. 3 450 2339 1,857 90.50
2.2 Assessment of baseline characteristics 4 150 731 2,007 97.81
A standardized, structured questionnaire was adminis- 5 39 1.90 2,046 9971

tered by well-trained interviewers to collect information on 6 6 0.29 2,052 100.00
Table 2. Baseline characteristics of participants stratified by parity.

Characteristics Overall Parity group P-value

1 2 3 >4

Number of participants 2,052 423 (20.6%) 954 (46.5%) 480 (23.4%) 195 (9.5%)

Age, yrs 66.1+5.5 63.3+4.2 64.8+4.3 68.2+5.6 72.8+5.6 <0.001

Age at menopause, yrs 503+34 50.6+3.2 50.7+3.5 50.3+3.1 49.8+3.5 0.161

Body mass index, kg/m® 25.1+34 25.1+£3.1 25.1+34 25.1+3.7 253+34 0.981

Current smoking 78 (3.8%) 9 (2.1%) 27 (2.8%) 27 (5.6%) 15 (7.7%) 0.109

Physical activity 0.480

Tnactive 576 (28.1%) 114 (27.0%) 264 (27.7%) 150 (31.3%) 48 (24.6%)

Moderate active 270 (13.1%) 54 (12.8%) 105 (11.0%) 75 (15.6%) 36 (18.5%)

Active 1,206 (58.8%) 255 (60.3%) 585 (61.3%) 255 (53.1%) 111 (56.9%)
Hypertension 1,284 (62.6%) 234 (55.3%) 600 (62.9%) 318 (66.3%) 132 (67.7%) 0.184
Diabetes mellitus 384 (18.7%) 75 (17.7%) 180 (18.9%) 93 (19.4%) 36 (18.5%) 0.986
Dyslipidemia 1,149 (56.0%) 237 (56.0%) 495 (51.9%) 303 (63.1%) 114 (58.5%) 0.131
Antihypertensive medication 756 (36.8%) 108 (25.5%) 351 (36.8%) 198 (41.3%) 99 (50.8%) 0.002
Insulin or oral hypoglycemic drug 252 (12.3%) 54 (12.8%) 123 (12.9%) 48 (10.0%) 27 (13.4%) 0.786
Antilipemic agent 102 (5.0%) 21 (5.0%) 42 (4.4%) 36/(7.5%) 3(1.5%) 0.261
Oral contraceptives 138 (6.7%) 18 (4.3%) 60 (6.3%) 33 (6.9%) 27 (13.9%) 0.081
Education level <0.001

Illiteracy/primary school 468 (22.8%) 57 (13.5%) 210 (22.0%) 120 (25.0%) 81 (41.5%)

Middle/high school 1,356 (66.1%) 294 (69.5%) 651 (68.2%) 312 (65.0%) 99 (50.8%)

College or above 228 (11.1%) 72 (17.0%) 93 (9.8%) 48 (10.0%) 15 (7.7%)

Income, ¥/month 0.500

Less than 3,000 1,674 (81.6%) 327 (77.3%) 783 (82.1%) 402 (83.8%) 162 (83.1%)

More than 3,000 378 (18.4%) 96 (22.7%) 171 (17.9%) 78 (16.3%) 33 (16.9%)

Plaques 981 (47.8%) 135 (31.9%) 408 (42.8%) 288 (60.0%) 150 (76.9%) <0.001
Mean common carotid IMT, mm 0.82+£0.13 0.79£0.11 0.81+0.14 0.85+0.14 0.87+£0.13 <0.001
Mean common carotid IMT <0.001
<1mm 1,782 (86.8%) 399 (94.3%) 849 (89.0%) 390 (81.3%) 144 (73.9%)
>1mm 270 (13.2%) 24 (5.7%) 105 (11.0%) 90 (18.7%) 51(26.1%)
Mean internal carotid IMT, mm 0.69+0.10 0.68 £0.10 0.69 £0.10 0.70£0.10 0.73+0.10 0.113
Mean internal carotid IMT 0.155
<1mm 2,040 (99.4%) 417 (98.6%) 951 (99.7%) 480 (100.0%) 192 (98.5%)
> 1 mm 12 (0.6%) 6 (1.4%) 3(0.3%) 0 3 (1.5%)

Data are presented as means + SD or n (%). IMT: intima-media thickness.

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



WANG XY, et al. Parity and carotid atherosclerosis

761

2.3 Assessment of carotid artery plaques and IMT

In brief, carotid artery was assessed by certified sono-
graphers blinded to participants’ clinical characteristics.
High-resolution B-mode ultrasound (Philips iU-22 ultra-
sound system by Philips Medical Systems, Bothell, WA,
USA) with a 5-12 MHz linear array transducer was used to
detect plaques bilaterally on three segments: the common
carotid artery, the bifurcation, and the internal carotid artery.
IMT was defined as the distance from the leading edge of
the lumen-intima interface to the leading edge of the media-
adventitia interface on a longitudinal image of each carotid
artery. Carotid plaque was defined as a focal structure en-
croaching into the arterial lumen of at least 0.5 mm or 50%
of the surrounding IMT value, or a thickness > 1.5 mm, as
measured from the media-adventitia interface to the in-
tima-lumen interface. Carotid atherosclerosis was consid-
ered as the presence of plaques at one or more sites. No
attempt was made to quantify the size or extent of the le-
sions. IMTs of the bilateral common carotid artery and the
internal carotid artery were then averaged to get a mean
IMT value for each subject. Mean carotid IMT > 1 mm was
considered an obvious thickening, while mean carotid IMT
< 1 mm was normal."™ IMTs were measured twice by the
same technician for subsequent assessment of interpreter
reproducibility. The results were reviewed by two inde-
pendent sonographers. Discrepancies between their evalua-
tions were resolved by consensus.

2.4 Statistical analysis

Comparisons between parity groups were tested using
one-way ANOVA for continuous variables or using Pear-
son’s chi-square tests for categorical variables. Ordinal
variables and continuous variables with skewed distribu-
tions were compared using nonparametric methods. The
associations between parity and carotid artery plaques and
between parity and common carotid IMT thickening were
examined through logistic regression models. The associa-
tion of parity with carotid artery IMT was analyzed using
multivariate linear regression models. Results of logistic
regression models were presented as an odds ratio (OR)
with 95% confidence interval (CI), and results of linear re-
gression models were presented as an unstandardized B-coe-
fficient and standard estimate (SE). Potential confounders,
including age, hypertension, diabetes mellitus, dyslipidemia,
education level, income, current smoking, body mass index
(BMI), physical activity, antihypertensive medication, insu-
lin use, oral hypoglycemic drug intake, antilipemic agents,
and use of oral contraceptives, were adjusted in these models.

A parity of one was considered as the reference value in all
models. A two-sided P-value < 0.05 was considered sta-
tistically significant. All statistical analyses were performed
with SAS 9.4 (SAS Institute Inc, Cary, NC, USA).

3 Results

3.1 Baseline characteristics

Parity in this study ranged from one to a maximum of six
birth (Table 1). Table 2 shows the baseline characteristics of
participants according to parity group. It seemed that age
increased with higher parity (P < 0.001), while age at
menopause showed no difference among parity groups (P =
0.161). The presence of antihypertensive medication in-
creased significantly with parity (P = 0.002); however, there
was no difference in the prevalence of hypertension, diabetes
mellitus, dyslipidemia, or use of hypoglycemic drugs, antili-
pemic agents, and oral contraceptives. Interestingly, educa-
tion level showed a statistically significant difference among
parity groups (P < 0.001). The proportion of elderly women
with illiteracy or primary school education increased with
parity, and those with middle school, high school, or college
education and above decreased significantly with parity.

3.2 Association between parity and carotid artery
plaques

The association between parity and carotid artery plaques
is shown in Figure 1. Women with more birth seemed to
have a higher risk of carotid artery plaques compared to
those who had only one birth. Logistic regression analysis
yielded an age-adjusted OR of 1.44 (95% CI: 1.18-1.75, P
< 0.001) per birth. Additional adjustment for hypertension,
diabetes mellitus, and dyslipidemia did not alter this asso-
ciation (OR = 1.43, 95% CI: 1.17-1.74, P < 0.001). In the
multivariate-adjusted model, the risk of carotid artery
plaques increased by 38% (95% CI: 12%—70%, P = 0.003)
per birth after fully adjusting for age, hypertension, diabetes
mellitus, dyslipidemia, education level, income, current
smoking, BMI, physical activity, and use of antihyperten-
sive medication, insulin or oral hypoglycemic drugs, antili-
pemic agents, and oral contraceptives.

3.3 Association between parity and carotid artery IMT

As shown in Table 3, it appears that there is a positive
association between parity and mean carotid artery IMT in
the unadjusted model, while linear regression analysis de-
monstrated a § of 0.029 (SE = 0.006, P < 0.001) for com-
mon carotid IMT, and a § of 0.011 (SE = 0.005, P = 0.03)
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Figure 1. Association between parity and carotid artery plaques. Model 1: unadjusted. Model 2: adjusted for age. Model 3: adjusted for
age, hypertension, diabetes mellitus and dyslipidemia. Model 4: adjusted for age, hypertension, diabetes mellitus, dyslipidemia, education

level, income, current smoking, body mass index, physical activity, antihypertensive medication, insulin or oral hypoglycemic drug, antili-
pemic agent and oral contraceptives.

Table 3. Association between parity and carotid artery IMT in linear regression models.

Parity Model 1 Model 2 Model 3 Model 4
p+SE P-value p£SE P-value p+SE P-value p+SE P-value
Common carotid IMT
1 0 0 0 0
2 0.016£0.013  <0.236 0.001+0.013 0.999 0.001+0.013 0.994 0.003+£0.013 0.791
3 0.060 +0.015 <0.001 0.026 +0.016 0.099 0.021 +£0.016 0.181 0.023 +0.016 0.139
>4 0.077 +£0.019 <0.001 0.027 +0.021 0.191 0.025 +0.020 0.229 0.034 +0.021 0.103
Per birth 0.029+£0.006  <0.001 0.012 + 0.006 0.051 0.010 £ 0.006 0.093 0.011 £0.006 0.054
Internal carotid IMT
1 0 0 0 0
2 0.004 +0.011 0.687 0.001 £0.011 0.943 0.001 £0.011 0.989 0.001 +£0.011 0.955
3 0.016+0.013 0.231 0.008 £0.014 0.577 0.006 +0.014 0.673 0.003+0.014 0.818
>4 0.043 £0.019 0.026 0.030 £ 0.020 0.144 0.027 +£0.020 0.193 0.022 £0.021 0.295
Per birth 0.011 +0.005 0.030 0.007 +0.005 0.218 0.006 + 0.005 0.299 0.004 +0.005 0.464

Model 1: unadjusted. Model 2: adjusted for age. Model 3: adjusted for age, hypertension, diabetes mellitus and dyslipidemia. Model 4: adjusted for age, hyper-
tension, diabetes mellitus, dyslipidemia, education level, income, current smoking, body mass index, physical activity, antihypertensive medication, insulin or

oral hypoglycemic drug, antilipemic agent and oral contraceptives. IMT: intima-media thickness; SE: standard estimate.
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Common carotid IMT

OR (95% CI) P-value
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1 L 1
2 - 1.62 (0.72-3.64) 0.246
3 —. 2.40(1.02-5.66)  0.045
>4 i = 3.09(1.18-8.07)  0.021
Perbirth ~ HH 1.32(1.03-1.67)  0.025
Model 3 i
1 i 1
2 - 1.63 (0.72-3.71) 0.242
3 ———— 225(0.95-5.35)  0.067
>4 L = 3.01 (1.14-7.99)  0.027
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Figure 2. Association between parity and common carotid IMT obvious thickening. Model 1: unadjusted. Model 2: adjusted for age.
Model 3: adjusted for age, hypertension, diabetes mellitus and dyslipidemia. Model 4: adjusted for age, hypertension, diabetes mellitus,
dyslipidemia, education level, income, current smoking, body mass index, physical activity, antihypertensive medication, insulin or oral hy-
poglycemic drug, antilipemic agent and oral contraceptives. IMT: intima-media thickness.

for internal carotid IMT. In multivariate-adjusted models,
these associations became statistically non-significant.

Interestingly, when common carotid IMT was classified
into two subgroups, including IMT > 1 mm as an obvious
thickening and IMT < 1 mm as normal (Figure 2), it seemed
that higher parity was associated with more obvious thick-
ening in the unadjusted model (OR = 1.61, 95% CI: 1.29—
2.00, P < 0.001). In the fully adjusted model, this associa-
tion remained statistically significant (OR = 1.43, 95% CI:
1.09-1.88, P=10.01).

4 Discussion

We first assessed the association between parity and ca-
rotid atherosclerosis in elderly Chinese women. We found
that women with more birth had an increased risk of carotid
plaques. In addition, there was a positive association be-
tween parity and risk of obvious thickening for common
carotid IMT. However, no significant associations were

observed between parity and common carotid IMT or be-
tween parity and internal carotid IMT.

Previous studies reported inconsistent relationships be-
tween parity and carotid atherosclerosis. The Rotterdam
Study first found a progressive increase between parity and
risk of carotid artery plaques in Dutch women aged > 55
years.!") In French women aged > 45 years, a linear associa-
tion was observed between women with more birth and the
prevalence of carotid plaques.!’ In women aged 45-79
years in the northeast Germany, there was a U-shaped asso-
ciation between parity and mean, as well as maximum,
common carotid IMT./? Sanghavi, et al.l”’ also reported a
U-shaped relationship between parity and the risk of sub-
clinical coronary and aortic atherosclerosis in U.S. women
aged 30-65 years. In British women aged 60-79 years, a
J-shaped association was prospectively found between par-
ity and the risk of coronary heart disease.”) However, both
in Finnish women aged 45-74 years and in southern Ger-
man women aged 50-81 years, parity was not significantly
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associated with carotid plaques or IMT.**) In our study, we
found a positive association between parity and carotid ar-
tery plaques. Women with more birth tended to have a
higher risk of carotid artery plaques compared to those who
had only one birth. Besides, higher parity was associated
with more obvious thickening in common carotid IMT. Our
results were similar to the findings in Dutch women aged >
55 years.

Several reasons should be considered in explaining the
discrepancies between these findings. Firstly, women of dif-
ferent age groups were included. Some studies only included
elderly women,"” while others included both middle-aged
and older women,"*** and yet other studies enrolled indivi-
duals younger than 30 years.” In our study, we only included
those over 60 years old. The differences in age might cause
an unavoidable bias in the results. Secondly, the study popu-
lations were from different countries with different races and
sociodemographic characteristics, which might cause hetero-
geneity in the associations.!"” Last but not least, among the
Dutch participants, 21.5% were nulliparous;'! whereas the
proportion was 8.5% and 18% in the cohorts from Germany
and France,* respectively. In our population, we excluded
the nulliparous women due to small sample size.

Previous studies proposed possible biological mecha-
nisms behind the association between parity and athero-
sclerosis. Firstly, sex hormones are modified during preg-
nancy, resulting in relatively lower protection by estrogen.!'”
Reduced exposure to estrogen may promote the develop-
ment of maternal atherosclerosis."® Secondly, repeated
pregnancies may lead to chronic metabolic alterations, such
as increases in lipid profile, insulin resistance, dysglycemia,
obesity, folate deficiency, etc.'”? All of these changes might
contribute to the pathophysiological processes of athero-
sclerotic diseases. Last but not least, pregnancy is associated
with changes in endothelial function, the coagulation system,
oxidative stress, and inflammation response, which cause
direct harmful effects on the cardiovascular system.”

4.1 Limitations

Several limitations of our study should also be consid-
ered. First of all, the study population consisted of elderly
women from China, who have specific sociodemographic
characteristics. Thus, the results might be restricted in their
generalizability to other countries. Moreover, reproductive
factors, including miscarriage, abortions, stillbirths, and
breastfeeding, were not assessed in the present study. In
addition, the questionnaire did not include information on
pre-eclampsia, gestational hypertension, or gestational dia-
betes mellitus. The exclusion of these pregnancy complica-
tions could potentially lead to an overestimation of the ob-
served association.

4.2 Conclusions

In conclusion, we found a positive association between
parity and risk of carotid plaques, as well as parity and risk
of obvious thickening for common carotid IMT in elderly
Chinese women, suggesting multiparous women might be
exposed to a greater atherosclerotic burden. Particular atten-
tion should be paid to parous women, especially multipa-
rous individuals.
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