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ABSTRACT 
 

Background: Both preeclampsia and coronary artery calcification (CAC) are associated with an 

increased cardiovascular risk. As CAC is race and ethnicity-dependent, we test it in a 

sample of Iraqi population. We compared the presence of CAC in a cohort of middle-

aged women with and without previous preeclampsia. 

 

Methods: This retrospective cohort study on middle-aged Iraqi women used logistic regression 

models to compare 100 women with and 100 women without a history of preeclampsia. 

Other cardiovascular risk factors were assessed as potential covariates. Between 

September 2020 and January 2022, the women underwent a multidetector computed 

tomography for the assessment of the presence of CAC. 

 

Results: CAC was found in 22% of patients with previous preeclampsia compared with 11% in 

those without previous preeclampsia. Body mass index, systolic and diastolic blood 

pressures, lipid indices, glucose levels, and hypertension were significantly related to 

previous preeclampsia. Age, waist circumference, diastolic blood pressure, glucose 

levels, hypertension, and diabetes were significantly associated with the presence of 

CAC. Women with previous preeclampsia had a 128% greater risk of CAC than women 

without this condition (OR, 2.28; 95% CI, 1.04 to 5). Age adjustments had no discernible 

effect on the relationship (OR, 2.39; 95% CI, 1.07 to 5.31). 

 

Conclusions: Women with previous preeclampsia were more likely to have CAC than women 

with normotensive pregnancies in their middle age even after adjustments for age. 

Cardiovascular screening may be beneficial for women with a history of preeclampsia. 
(Iranian Heart Journal 2022; 23(4): 88-96) 
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ardiovascular disease (CVD) is the 

leading cause of death in women. 

Preeclampsia is a hypertensive 

pregnancy disease that affects between 3% 

and 5% of pregnancies in the developed 

world.
1
 Preeclampsia is characterized by the 

development of elevated blood pressure and 

proteinuria, or the onset of elevated blood 

pressure and severe dysfunction of the end-

organs, with or without proteinuria, in a 

previously normotensive woman after 20 

weeks of pregnancy or postpartum.
2
 

Although symptoms diminish shortly after 

pregnancy, the condition has long-term 

health consequences.
3
 Anomalies in the 

development of the uteroplacental 

circulation arise long before the appearance 

of the clinical symptoms of preeclampsia. In 

preeclampsia, the cytotrophoblast invades 

the decidual segment of the spiral arteries 

but not the myometrial segment, which is 

why abnormally small blood arteries do not 

grow in the placenta and ischemia and 

hypoperfusion ensue.
4
 This process appears 

to be influenced by genetic, environmental, 

and immunological factors. Soluble fms-like 

tyrosine kinase 1 is a placental and vascular 

endothelial growth factor inhibitor.
5,6

 It is 

secreted by a dysfunctional placenta and is a 

key moderator of the maternal signs and 

symptoms of preeclampsia. 

Preeclampsia is linked with a 2 to 7-fold 

greater cardiovascular risk later in life in 

comparison with normal-pressure pregnancy.
7
 

The current belief is that this increased risk of 

CVD is the consequence of a predisposition to 

cardiovascular risk factors, such as high blood 

pressure, obesity, and high lipid, existing 

before pregnancy and contributing to the 

development of preeclampsia.
8,9

 While some 

international guidelines recognize the elevated 

risk of CVD in women with previous 

preeclampsia, precise guidance for 

cardiovascular surveillance is absent.
10,11

 

Many women with previous preeclampsia 

may be considered at low risk when assessed 

by the current traditional risk score because of 

its age dependence. Pregnancy as a challenge 

test is a novel theory, with hypertension or 

preeclampsia development as a sign of an 

increased risk of developing future 

atherosclerotic vascular events. Women with a 

history of preeclampsia have modifiable 

cardiovascular risk factors, such as 

hypertension, dyslipidemia, and diabetes, 5 to 

10 years sooner than women without such a 

history.
12

 

There is extensive evidence that the coronary 

artery calcification (CAC) score has 

prognostic value in asymptomatic 

individuals, especially those at borderline and 

intermediate risk.
13,14

 Prior research indicates 

that women with a history of preeclampsia 

are more likely to develop CAC than women 

who have normotensive pregnancies.
15–20

 The 

included women were more than a decade 

older than the participants in our research and 

were mostly of white ethnicity in the western 

world. CAC differs by race and ethnicity as 

shown in the MESA study.
21

 

To our knowledge, this research is the first 

to be conducted on the Iraqi population. The 

purpose of this study was to compare the 

presence of CAC in a cohort of middle-aged 

women with and without previous 

preeclampsia. We hypothesized that CAC 

was more prevalent in women with previous 

preeclampsia. 
 

 

METHODS 
 

Population 
We conduct this retrospective cohort study 

on middle-aged Iraqi women (100 patients 

with and 100 patients without a history of 

preeclampsia). The study was done in Ibn al-

Bitar Specialized Center, Baghdad, Iraq, 

with the subjects referred from the 

gynecology and obstetrics clinic between 

September 2020 and January 2022. Women 

were asked about pregnancy history using a 

validated questionnaire.
22

 

C 
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We included asymptomatic middle-aged 

women between 40 and 60 years with 

previous preeclampsia and compared their 

findings with those of women with a history 

of normotensive pregnancies. The exclusion 

criteria consisted of no history of pregnancy, 

oral contraceptive consumption, a pregnancy 

lasting less than 6 months, a history of 

myocardial infarction, a history of stroke, 

dementia, congestive heart failure, any type 

of malignancy, neurological conditions (eg, 

epilepsy), and autoimmune diseases (eg, 

multiple sclerosis and lupus). The study was 

approved by the institutional medical ethics 

committee, and informed consent was 

obtained from all the participants before 

enrolment. 

Questionnaires were used to collect 

information on medication usage, diabetes, 

and smoking, as well as reproductive, 

cardiovascular, and general medical histories. 

Age was determined using the participant’s 

date of birth and the date of participation. The 

height and weight of the participants were 

determined. Body mass index was determined 

by multiplying the weight by height squared. 

The circumference of the waist was measured. 

Blood pressure was determined in both arms 

using a calibrated and automated blood 

pressure instrument (Contec ABPM50, Contec 

Medical Systems Co, Ltd), with the participant 

seated. After an overnight fast of 8 hours, a 

venous blood sample was taken. The total 

cholesterol, triglycerides, and glucose levels in 

the plasma were determined using 

conventional enzymatic techniques. The direct 

method was applied to determine the high-

density lipoprotein cholesterol level (inhibition 

and enzymatic). In women with triglycerides 

below 400 mg/dL, the Friedewald formula 

was used to calculate the low-density 

lipoprotein cholesterol level. Hypertension 

was defined by the use of antihypertensive 

medication or systolic blood pressure more 

than or equal to 130 mm Hg or diastolic blood 

pressure more than or equal to 80 mm Hg.
23

 

Coronary Calcium Measurements 
The individuals were assessed for CAC using 

a multidetector computed tomography 

examination (Brilliance 64, Philips Medical 

Systems). The subjects were positioned in the 

supine position within the gantry. With the 

use of 120 kVp, a 64-slice scanner was 

employed to acquire slices 3 mm in 

thickness. Through the use of prospective 

electrocardiogram-triggered scanning at 50% 

to 80% of the interval between successive R 

waves, cardiac images were collected during 

a single breath-hold from the bifurcation of 

the trachea to just below the heart’s base. 

A skilled reader, who was unaware of the 

women’s obstetric history, manually picked 

just the calcifications within one of the 

coronary arteries. The Hounsfield unit (HU) 

for peak density and the area for each 

selected location were computed. CAC was 

measured using the Agatston methodology 

by multiplying the calcification area (>1 

mm
2
 with a density >130 HU)

24
 by a 

weighting factor for density. The total CAC 

was calculated for the coronary arteries 

using a computed tomography (CT) dataset 

with a slice thickness of 3.0 mm. The 

presence of CAC was defined as an 

Agatston score of more than 0 (non-0). 

 

Statistical Analysis 
Logistic regression models were used to 

assess the association between possible 

confounding variables and a history of 

preeclampsia. The relationship between risk 

variables and CAC was also investigated 

similarly. Confounding variables were 

defined as those that had a substantial 

association with both preeclampsia and CAC. 

There was a distinction between variables 

that were not involved in the causative route 

and those that might have been involved. A 

logistic regression model was used to 

evaluate the association between previous 

preeclampsia and the outcome variable (CAC 

absent/present [binary]). Odds ratios (ORs) 
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with a 95% confidence interval (CI) were 

used to quantify the relationships. A P value 

of less than 0.05 was considered statistically 

significant. All the analyses were done on 

Windows using the Statistical Package for 

Social Sciences (SPSS) software version 26 

(SPSS, Inc, Chicago, IL). 
 

 

RESULTS 
 

Patient Characteristics 
Our study included 100 women with 

previous preeclampsia and compared them 

with a control group of 100 women. Women 

in both groups were on average 49 years old 

at the time of CAC imaging. CAC, defined 

as an Agatston score of 1 or more, was 

identified in 22% of the patients with 

previous preeclampsia compared with 11% 

of the patients with a history of 

normotensive pregnancies. The median 

Agatston score was 12. Table 1 summarizes 

the characteristics of the participants. 

The relationship between general 

characteristics and a history of preeclampsia 

and CAC is shown in Table 2. Increased 

body mass indices, systolic and diastolic 

blood pressures, total cholesterol levels, low 

and high-density lipoprotein levels, glucose 

levels, and hypertension were significantly 

related to previous preeclampsia. Age was 

significantly associated with CAC (OR, 

1.07; 95% CI, 1.008 to 1.148). Increased 

waist circumference, diastolic blood 

pressure, glucose levels, and the existence of 

hypertension and diabetes were all 

associated with the presence of CAC in a 

significant way. Based on this information, 

overweight parameters and blood pressure, 

glucose levels, and the existence of 

hypertension may be regarded as possible 

confounders; however, these factors may 

also be considered intermediary parameters 

in the causation pathway. 

As is shown in Table 3, prior preeclampsia 

was significantly associated with the 

presence of CAC in an unadjusted model. 

Compared with women without a history of 

preeclampsia, the risk was elevated by 128% 

(OR, 2.28; 95% CI, 1.04 to 5). Age 

adjustments had no significant influence on 

the relationship (OR, 2.39; 95% CI, 1.07 to 

5.31). When the association was adjusted for 

factors that could be considered intermediate 

factors in the causal pathway from 

preeclampsia to atherosclerosis pathogenesis, 

such as body mass index, diastolic blood 

pressure, waist circumference, glucose levels, 

and the presence of hypertension, the 

relationship weakened and did not reach 

statistical significance. 

 

Table 1: General characteristics of the study population 

General Characteristics 
Previous Preeclampsia 

(n=100) 
No Previous 

Preeclampsia  (n=100) 
P value 

Age, y 49.32 49.67 0.684 

BMI, kg/m
2
 27.48 24.59 <0.001 

WC, cm 79 78 0.175 

SBP, mm Hg 131.59 109.06 <0.001 

DBP, mm Hg 82.22 72.63 <0.001 

Hypertension, % 85 18 <0.001 

Total cholesterol, mg/dL 198.50 181 <0.001 

LDL cholesterol, mg/dL 124.21 100.73 <0.001 

HDL cholesterol, mg/dL 49.38 60.14 <0.001 

Triglycerides, mg/dL 122.14 114.12 0.125 

Glucose, mg/dL 99.71 95.09 0.002 

Diabetes diagnosis, % 5 2 0.248 

Smoking, % 5 4 0.733 

Presence of coronary calcification, % 22 11 0.036 
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DBP, Diastolic blood pressure; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; WC, Waist 
circumference; SBP, Systolic blood pressure 
 
 
Table 2: Relationship between characteristics and previous preeclampsia 

Risk Factors Previous Preeclampsia, OR (95% CI) Coronary Calcification, OR (95% CI)
*
 

Age, y 0.99 (0.94-1.03)  

BMI, kg/m
2
 1.09 (1.03-1.14) 1.00 (0.94-1.07) 

Waist circumference, cm 1.03 (0.98-1.09) 1.19 (1.09-1.30) 

SBP, mm Hg 1.09 (1.06-1.12) 0.99 (0.97-1.01) 

DBP, mm Hg 1.09 (1.05-1.12) 1.03 (1.00-1.07) 

Cholesterol, mg/dL 1.04 (1.02-1.06) 1.00 (0.99-1.02) 

LDL, mg/dL 1.05 (1.03-1.07) 0.99 (0.96-1.01) 

HDL, mg/dL 0.93 (0.90-0.95) 1.02 (0.99-1.06) 

Triglycerides, mg/dL 1.00 (0.99-1.01) 0.99 (0.98-1.00) 

Glucose, mg/dL 1.04 (1.01-1.08) 1.04 (1.01-1.08) 

Current or former smoking, % 1.26 (0.32-4.84) 2.88 (0.65-12.67) 

Hypertension, % 25.81 (12.20-54.61) 2.79 (1.22-6.34) 

Diabetes diagnosis, n (%) 2.57 (0.48-13.61) 4.92 (1.02-23.74) 

BMI, Body mass index; DBP, Diastolic blood pressure; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; 
WC, Waist circumference; SBP, Systolic blood pressure 

*Age-adjusted relationship between coronary calcification and the subjects’ characteristics 
 
 
Table 3: Relationship between previous preeclampsia and coronary calcification 

Previous Preeclampsia Coronary Calcification, OR (95% CI) 

Previous preeclampsia 2.28 (1.04-5.00) 

Previous preeclampsia adjusted for age 2.39 (1.07-5.31) 

Previous preeclampsia adjusted for age, WC,  and DBP 1.58 (0.62-4.01) 

Previous preeclampsia adjusted for age, WC, BMI, and DBP 1.52 (0.59-3.93) 

Previous preeclampsia adjusted for age, WC, BMI, DBP, glucose, and HT 0.67 (0.20-2.25) 

BMI, Body mass index; DBP, Diastolic blood pressure; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; 
WC, Waist circumference; SBP, Systolic blood pressure; HT, Hypertension 
 

 
DISCUSSION 

 

To our knowledge, this is the first study to 

demonstrate a link between previous 

preeclampsia and CAC in Iraqi women. 

CAC differs by race and ethnicity as was 

shown in the MESA study.
21

 This study 

reveals that asymptomatic women with a 

history of preeclampsia had a higher risk of 

CAC and more cardiovascular risk factors 

than those without previous preeclampsia. 

Previous research has found that women with 

previous preeclampsia have a 1.6 to 3.5-fold 

increased chance of CAC than those with 

normotensive pregnancies.
15–18

 These studies 

used small samples and included older 

women who were about a decade older than 

the participants in our research. Nonetheless, 

the frequency of CAC was consistently 

greater in women with a history of 

preeclampsia than in women without a 

history of preeclampsia over the age of 60 

years. Our findings contribute significantly to 

this body of evidence by demonstrating a 

similar effect in previously preeclamptic 

women at a younger age and in Iraqi women, 

unlike other studies which mainly included 

Western women. Even though cardiovascular 

risk factors contribute to the increased risk of 

CAC, the association is still significant after 

adjustments for age. The precise mechanisms 
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by which cardiovascular risk factors, CAC, 

and preeclampsia interact remain unknown. 

They may be related genetically, or 

preeclampsia may predispose to vascular wall 

injury. 

Many years ago, it was reported that 

preeclamptic women had atherosclerotic risk 

factors at an earlier age or might have a 

higher risk before pregnancy.
25

 Subsequent 

population-based investigations established 

that these women do, in fact, experience 

CVD about 5 years sooner than women 

without previous preeclampsia.
26

 

Conventional cardiovascular risk factors 

may account for up to 90% of CVD risks.
27

 

Previous research has also demonstrated that 

preeclamptic women have an elevated 

cardiovascular risk immediately after 

delivery.
12,28,29

 A recent investigation found 

an early onset of subclinical CVD among 

women with a history of preeclampsia 

before the age of 45.
20

 Most women at this 

age will be premenopausal and will benefit 

most from primary prevention. 

The majority of cardiovascular prevention 

guidelines are ambiguous about the method 

and timing of cardiovascular follow-up in 

women with previous preeclampsia.
10,30–33

 A 

lengthy follow-up period is essential in 

outcome studies to determine the potential 

impact of early screening and treatment. 

This is prohibitively expensive and, thus, 

unlikely to be implemented. As a result, we 

suggest that cardiovascular surveillance of 

these women begin earlier. Additionally, we 

believe that early risk factor treatment may 

be important to avert the development of 

irreversible CAC and later CVD. 

The current study recruited relatively young 

participants; consequently, data on cardiac 

events and the implications of CAC were 

unavailable. Still, we presume that these 

women were at a higher risk of CVD since 

prior research has demonstrated a significant 

correlation between the presence of CAC 

and cardiovascular events.
34,35

 

Some of our study’s limitations must be 

addressed. In addition to CAC, there are 

many cardiovascular risk factors, such as 

genetic inheritance. We did not include a 

time measurement for the onset of CAC. 

The observational nature of this research 

precludes causal inference and does not rule 

out the possibility of residual confounding. 

We gathered information regarding 

preeclampsia history using a questionnaire 

rather than a well-established medical record 

system. Nevertheless, the questionnaire had 

been evaluated in a prior study.
22

 This might 

have resulted in misclassification and recall 

bias. (Subjects with hypertension at baseline 

may remember having experienced 

preeclampsia “better” than those who are 

normotensive.) Our study’s relatively small 

sample size limits the accuracy of the 

estimates. Further investigations with larger 

populations are required to confirm or refute 

our findings. The strengths of the present 

study include its population-based design 

and meticulous CAC measurements. The 

multidetector CT technique for the 

identification of CAC, employed in the 

current investigation, is extremely accurate 

and reproducible. 

Our findings may have consequences for 

women who have already had preeclampsia. 

An organized follow-up of women who have 

been diagnosed with preeclampsia should be 

undertaken. New follow-up methods and 

risk factor management for previously 

preeclamptic women must be developed and 

studied for their benefits in preventing future 

CVD. 
 
 

CONCLUSIONS 
 

In the present study, previously preeclamptic 

middle-aged Iraqi women had more 

cardiovascular risk factors and were more 

likely to develop CAC than their 

counterparts with a history of normotensive 

pregnancies. Age-adjusted associations 

remained largely unchanged. As a result, 
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women who have had preeclampsia may 

benefit from periodic cardiovascular testing 

and management before reaching this age. 
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