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ORIGINAL RESEARCH

Does Adding Adverse Pregnancy 
Outcomes Improve the Framingham 
Cardiovascular Risk Score in Women? Data 
from the Tehran Lipid and Glucose Study
Marzieh Saei Ghare Naz , PhD; Ali Sheidaei, PhD; Ali Aflatounian , MD, PhD; Fereidoun Azizi, MD;  
Fahimeh Ramezani Tehrani , MD

BACKGROUND: Limited and conflicting evidence is available regarding the predictive value of adding adverse pregnancy out-
comes (APOs) to established cardiovascular disease (CVD) risk factors. Hence, the objective of this study was to determine 
whether adding APOs to the Framingham risk score improves the prediction of CVD events in women.

METHODS AND RESULTS: Out of 5413 women who participated in the Tehran Lipid and Glucose Study, 4013 women met 
the eligibility criteria included for the present study. The exposure and the outcome variables were collected based on the 
standard protocol. Cox proportional hazard model was used to evaluate the association of APOs and CVDs. The variant of C-
statistic for survivals and reclassification of subjects into Framingham risk score categories after adding APOs was reported. 
Out of the 4013 eligible subjects, a total of 1484 (36.98%) women reported 1 APO, while 395 (9.84%) of the cases reported 
multiple APOs. Univariate proportional hazard Cox models showed the significant relations between CVD events and APOs. 
The enhanced model had a higher C-statistic indicating more acceptable discrimination as well as a slight improvement in 
discrimination (C-statistic differences: 0.0053). Moreover, we observed a greater risk of experiencing a CVD event in women 
with a history of multiple APOs compared with cases with only 1 APO (1 APO: hazard ratio [HR] = 1.22; 2 APOs: HR; 1.94; ≥3 
APOs: HR = 2.48).

CONCLUSIONS: Beyond the established risk factors, re-estimated CVDs risk by adding APOs to the Framingham risk score may 
improve the accurate risk estimation of CVD. Further observational studies are needed to confirm our findings.
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Cardiovascular diseases (CVDs) are the most sig-
nificant life-threatening concerns in women.1 
Beyond certain risk factors such as diabetes, 

hypertension, smoking, and dyslipidemia, various 
reproductive parameters may influence the risk of 
CVDs during their different life stages, including ado-
lescence, reproductive years, and menopause.2,3 The 
female-specific risk factors such as hormonal factors 
and adverse pregnancy outcomes (APOs) may play a 
role in the pathophysiology of the development CVDs 

in women in later life.2,3 Both physiological pregnancy-
related distress and pathological complications asso-
ciated with pregnancy, including APOs, could underlie 
the development of future CVD events.4,5

Over the past decades, the incident of APOs has 
been continuously increased as a consequence of 
advanced childbearing age in women.6,7 Mounting ev-
idence suggests that APOs unmask a preexisting risk 
of CVDs in women.5,8 APOs, such as gestational diabe-
tes (GD), hypertensive disorders of pregnancy, preterm 
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delivery (PTD), pregnancy loss, placental abruption, 
and stillbirth, act as a window for initiation of patho-
physiological changes, which lead to cardiometabolic 
abnormalities in the later life of women.9,10 Moreover, 
APOs might be reflecting predisposition factors (in-
cluding hormonal changes, dyslipidemia, chronic hy-
pertension, and metabolic syndrome) for developing 
CVDs in the future.11–13 Another possible explanation 
may emerge from abnormal metabolic conditions in 
complicated pregnancies, which might have been 
continued after delivery and led to metabolic and vas-
cular damages in the long term.14–16 Consequently, 
women who have experienced APOs are at increased 
risk for cardiometabolic-related morbidities.17 The 
exact mechanism related to the role of each APO in 
the pathogenesis of CVDs is not fully understood. 
However, changes in endothelial function and sys-
temic inflammation have been proposed to be higher 

in women with APOs,10 which might, in turn, trigger the 
development of CVDs.18

Limited evidence showed that the history of different 
APOs, beyond the conventional predictors of CVDs, 
might only lead to a modest or even no meaningful 
improvement in risk prediction of CVDs.19,20 Findings 
from Nord-Trøndelag Health Study (the HUNT Study) 
in Norway reported a slight improvement of the pre-
diction model after adding 4 pregnancy-related com-
plications (preeclampsia, gestational hypertension, 
PTD, and small for gestational age). However, only the 
increased risk of preeclampsia remained significant 
after controlling the established risk factors.19 Because 
of the lack of data, the existing studies are limited to 
some APOs, and multiple APOs were not considered. 
Therefore, there are uncertainties regarding the added 
value of APOs to CVDs risk prediction tools. Given the 
significance of CVDs risk-estimation in the primary 
prevention of CVDs, adding new risk factors to CVDs 
risk-estimation systems and appropriately reclassifying 
subjects may help select the best intervention.21

Several CVD risk scores have been developed to 
estimate CVDs, and among them, Framingham risk 
score (FRS) is the most widely used.22 Ten-year FRS 
is a simplified and sex-specific algorithm that includes 
sex, age, systolic blood pressure, treatment for hy-
pertension, total cholesterol, high-density lipoprotein 
cholesterol, smoking habits, and diabetes status to 
estimate CVDs risk.23 During past decades several ef-
forts were made to improve the prediction capability 
of these risk scores by adding some extra risk factors 
or biomarkers24; however, their utility was limited by 
lack of availability, affordability, and cost-effectiveness. 
Identifying the importance of APOs and taking the 
best prevention strategy may benefit from earlier sur-
veillance for CVDs. Thus, we hypothesized that adding 
single and multiple APO variables to FRS would im-
prove the risk prediction of CVDs. We used the TLGS 
(Tehran Lipid and Glucose Study) data, an ongoing 
population-based cohort study, to test the added value 
of APOs to the FRS as a prediction tool of CVDs.

METHODS
Availability of Data and Materials
The data sets used and/or analyzed during the current 
study are available from the corresponding author on 
reasonable request.

Study Design and Population
This prospective study was performed using multistage 
cluster random sampling methods within the framework 
of the ongoing TLGS. A total of 15 005 participants age 
3–70 years were enrolled at baseline (1999–2001), and 
an additional 3550 participants were enrolled in the 

CLINICAL PERSPECTIVE

What Is New?
•	 The addition of adverse pregnancy outcomes 

to Framingham risk score improved the risk 
estimation.

What Are the Clinical Implications?
•	 Our study shows that adding the value of ad-

verse pregnancy outcomes is important to 
improve the accuracy of the Framingham risk 
score estimates; therefore, re-estimation of the 
risk of cardiovascular diseases might be use-
ful for early detection of individuals at increased 
risk who can benefit from preventive strategies 
in primary care settings.

•	 By adding the adverse pregnancy outcome 
variables, the Framingham risk score tool can 
achieve a more powerful cardiovascular disease 
risk estimation than the established variable 
alone; it may be relevant to considering adverse 
pregnancy outcomes in cardiovascular disease 
risk estimation and prevention strategies.

•	 Further observational studies are needed to 
confirm our findings.
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second visit (2002–2005). Participants have been fol-
lowed up every 3  years. The details of methodology 
for the TLGS cohort were explained in previous publi-
cations.25,26 Based on the objectives in this study, 5413 
women aged 30–70 years were included, women who 
experienced CVDs before entering the study (n=282), 
missing information on FRS components (n=333, some 
cases have >1 missing information), missing informa-
tion on pregnancy history (n=82), and those without any 
follow-up information on all CVD events (n=969) were 
excluded (some cases were excluded because of >1 
reason). Finally, the remaining 4013 women with eligible 
criteria were followed for CVD outcomes until the end of 
the survey (VI).

At the third follow-up, a random sample of partici-
pants of the original cohort (with data at baseline) was 
selected to be comprehensively assessed for repro-
ductive history and pregnancy complication in addition 
to all the information collected in TLGS (n=1115). A com-
prehensive questionnaire including reproductive and 
pregnancy history was filled in for this subgroup of par-
ticipants in addition to all the previous questionnaires. 
It should be noted that the complete data on FRS of 
variables in this subgroup were available at baseline, 
and this subgroup was included in all analyses.

Data Collection and Measurements
In this study, information regarding sociodemographic, 
smoking status, reproductive history, medical history, 
and drug history were collected using a standard ques-
tionnaire. History of pregnancy complications was col-
lected using structured questionnaires and meticulous 
checking of medical history and hospital records.27

All participants underwent anthropometric (weight, 
height, hip circumference, and waist circumference) 
and blood pressure measurements using standard 
procedures.25 Blood samples were taken in the morn-
ing (7–9 am) after a 12- to 14-hour overnight fast to 
obtain biochemical measurements including total cho-
lesterol, triglyceride, fasting plasma glucose, 2-hour 
postchallenge plasma glucose, low-density lipoprotein 
cholesterol, high-density lipoprotein cholesterol, and 
creatinine. All laboratory assessment was performed 
according to the standard technique. The laboratory 
measurement methods have been described else-
where in detail.25

All data collection and laboratory measurement 
procedures were conducted by trained interviewers, 
physicians, and technicians.

Definition of Variables
The risk of CVDs was calculated based on the 10-
year FRS variables, including sex, age, systolic blood 
pressure, treatment for hypertension, total cholesterol, 
HDL, smoking, and diabetes status.23

In this study, CVD events were incidents of fatal 
and nonfatal stroke, definite and probable myocardial 
infarction, unstable angina, CVD death, angiographic-
proven coronary heart disease, fatal coronary artery 
diseases, transient ischemic attack, or cerebrovascu-
lar death. Probable myocardial infarction was defined 
as either “positive electrocardiogram findings plus 
cardiac symptoms” or “cardiac signs plus missing bio-
markers” or “positive electrocardiogram findings plus 
equivocal biomarkers.”28 More details regarding their 
definition have been described elsewhere.29,30

Adverse pregnancy outcomes in the current study 
include history of placenta previa, placenta abruption, 
preterm delivery, abortion, stillbirth, pregnancy-induced 
hypertension/preeclampsia, gestational diabetes (GD), 
and ectopic pregnancy.

Placenta previa was defined as an abnormal po-
sition of the placenta and covering wholly or partially 
the internal os of the cervix.31 Placental abruption 
was defined as its early separation from the uterus.32 
Abortion was defined as pregnancy loss <20  weeks 
of gestational age (GA),33 stillbirth/fetal death was de-
fined as perinatal deaths after 22 weeks of GA, birth 
weight >500 g.34 Preterm delivery was defined as de-
livery before 37  weeks of GA.35 Pregnancy-induced 
hypertension was defined as systolic blood pres-
sure ≥140  mm  Hg and/or a diastolic blood pressure 
≥90 mm Hg on at least 2 occasions at least 6 hours 
apart after the 20th week of GA in women known to be 
normotensive before pregnancy and before 20 weeks’ 
gestation.36 Preeclampsia was defined as blood pres-
sure ≥140/90  mm  Hg, along with a protein excre-
tion ≥0.3  g in a 24-hour period after the 20th week 
of GA, based on the international standard criteria.37 
Moreover, GD was defined according to the World 
Health Organization criteria as the presence of any of 
the following criteria: fasting blood glucose ≥92  mg/
dL, 1-hour plasma glucose ≥180  mg/dL, and 2-hour 
plasma glucose ≥153  mg/dL.38,39 Ectopic pregnancy 
was defined as an existing gestational sac outside the 
uterus.40 Age at first pregnancy was also defined as 
age in years of women at the first child’s birth. Twin 
pregnancy was defined as a pregnancy with 2 fetuses.

Statistical Analysis
We calculated the baseline CVD risk according to the 
FRS. Then, we categorized risk to <5% as low risk, 
between 5% and 10% as intermediate risk, and ≥10% 
as high risk. The baseline characteristics of partici-
pants were described and compared in these catego-
ries. For the continuous variables, we conducted the 
Shapiro–Wilks normality test. In the case of rejection of 
normality assumption, median and interquartile range 
and Kruskal–Wallis test were used to describe and 
compare, respectively. The categorical variables were 
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described as frequencies (%) and were compared by 
χ2 test or Fisher exact test (for tables with sparse cells).

We used Cox proportional hazard model to evalu-
ate the association of APOs and event time of all CVDs. 
A univariate Cox model for Framingham components 
and history of any APO was applied to explore each 
risk factor’s crude hazard ratio (HR). The frequency of 
APO variables had entered the models as an ordinal 
variable with levels of only 1, 2, and 3 or 4 APOs. The 
timing of women’s reproductive-related answers has 
not been taken into account.

Also, we fitted 2 multivariate Cox models on data. 
The first one includes only Framingham components, 
and the second one additionally included ordinal 
APOs variables. The C-statistics of these models were 
compared to measure enhancement in the predic-
tion power of ordinary Framingham by adding APO 
variables. To eliminate the effect of overfitting on C-
statistics, we calculate this index and the uncertainty 
interval using a bootstrap approach. We generated 
1000 bootstrap data sets from the original data using a 
replacement sampling scheme. The same model fitted 
to all samples and C-statistics were computed. The 
percentile 0.5, 0.025, and 0.975 of these 1000 draws 
were considered as point estimation and uncertainty 
intervals of C-statistics.

Subgroup analysis: Because of the importance 
of studying pregnancy history, a subset of women 
(n=1115) who already have participated in the study 
were randomly selected for a comprehensive assess-
ment of reproductive histories and pregnancy compli-
cations. In the subsequent follow-ups, they completed 
extra recall questionnaires that include the entire preg-
nancy history and related complication details. In ad-
dition to the primary goals, their extra information was 
used for subgroup analysis. Therefore, all analyses 
were repeated for this subgroup to detect adding value 
of additional pregnancy-related variables (ie, placenta 
previa, PTD) and age at first pregnancy into the FRS. 
Other APO variables (twin pregnancy, ectopic preg-
nancy, placental abruption) were eliminated because 
of low frequency that leads to nonconvergence of the 
model. In the subgroup analysis, we fitted 3 nested 
Cox models that include ordinary Framingham com-
ponents, adding the binary status of primary compli-
cations (abor ion, stillbirth, PIH/PEC, and GDM) to the 
first model and finally adding the history of placenta 
previa, PTD, and age at first pregnancy to the second 
model. The C-statistics of all these models were calcu-
lated and compared.

We estimated individuals’ CVD risks for 15 years fol-
low-up period and total duration of the study using the 
formulas below:

where S0 (t) is baseline survival at follow-up time t (here 
t=15 and 19 years), � i is the estimated log hazard ratio of 
Cox regression, Xi is the logarithm of its continuous risk 
factor, Xi is the corresponding mean, and p denotes the 
number of risk factors.23 The cross-classification tables 
were generated in order to evaluate the misclassification 
and improvement in classification using the enhanced 
model. For these tables, the net reclassification improve-
ment quantifies the improvement of a new model over an 
ordinary Framingham model. In order to calculate the net 
reclassification improvement, we divided the risk of CVD 
into low (<5%), intermediate (5 to <10%), and high (≥10%) 
risk groups. In addition, the integrated discrimination im-
provement was estimated directly from survival models.

The Kaplan–Meier survival curve for those who had 
been experienced any APOs and those who had not 
was depicted, and the difference between curves was 
compared using the log-rank test. We entered an extra 
element to enhance the original Framingham model. 
Therefore, the original model is nested in our model, 
and the Likelihood Ratio Test was the most convenient 
method for comparison.41 In addition, we tested the dif-
ference between 2 correlated overall C indices using the 
Kang method42 that was presented in the "compareC" 
R package by Kang in 2015.43 The calibration of both 
models was explored using the Harrell method in the 
"rms" package44 and presented via plots in Figure S1.

All statistical analyses were performed using R sta-
tistical software.45 We used the “survival” package in 
the R environment for fitting survival models includes 
Cox proportional hazard model, Kaplan–Meier survival 
curve, and log-rank test.46 P<0.05 were considered 
statistically significant.

Ethics Approval and Consent to 
Participate
The study was approved by the research ethics com-
mittee of the Research Institute for Endocrine Sciences, 
Shahid Beheshti University of Medical Sciences, 
Tehran, Iran (Ethic code: IR.SBMU.ENDOCRINE.
REC.1399.148). Written informed consent for participa-
tion was obtained from all participants.

RESULTS
In this study, 4013 (74.14%) subjects were eligible to 
participate in the analysis. An extra questionnaire about 
the details of pregnancy history and re-assessment of 
medical records was collected for a group that includes 
1115 (27.78%) individuals and that participated in the 
subgroup analysis (Figure 1). There was no significant 
difference in baseline characteristics between this sub-
group of women who had additional reproductive and 
pregnancy information compared with those without p̂ = 1 − S0(t)

exp(
∑p

i=1
� i Xi−

∑p

i=1
� i X i).
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this information (data not shown). We followed the par-
ticipants up to 19 years with a median of 15 (interquartile 
range: 12 to 16) years. Table 1 shows the summary of the 
baseline characteristics of participants categorized by 
the CVD risk groups. At the baseline of the study, 2372 
(59.11%) individuals were classified as low risk by the 
Framingham checklist, 742 (18.49%) as intermediate-risk 
category, and 899 (22.40%) as the high-risk category. 
The frequency of participants in the corresponding cat-
egories was 1098 (98.48%), 12 (1.08%), and 5 (0.45%) 
in subgroup data. The trend of mean age across cat-
egories was almost linear (38, 52, 59, and 44 for low-
risk, intermediate-risk, and high-risk categories and 
total population, respectively) so the difference between 
categories according to the age of participants is highly 
significant (P<0.001). In addition, categories are different 
according to history of APOs (GD, abortion, and stillbirth 
with P<0.001) except pregnancy-induced hypertension/
preeclampsia (P=0.72). Among eligible participants, 
a total of 1484 (36.98%) and 395 (9.84%) reported 1 
and >1 APOs, respectively. The most common APOs 
were abortion (33.74%) and GD (10.74%). The medians 
of gravity and parity increase significantly by the risk of 
CVD (P<0.001). The medians (interquartile ranges) of 

parity are 2 (2–3), 4 (3–5), and 5 (3.5–6) for low, interme-
diate, and high-risk groups, respectively.

CVD events occurred in 261 (6.50%) of participants 
after 15-year follow-up and 546 (13.61%) of partic-
ipants at the end of follow-up. Figure  2 depicts the 
Kaplan–Meier survival curve of 2 groups (women with 
and without pregnancy complications) for age at CVD 
and time from baseline to CVD event. In both curves, 
the group with no complication has a higher survival 
probability and the log-rank test for comparing the 
groups is significant (P<0.001).

Univariate proportional hazard Cox models in 
Table  2 show the significant relations between CVD 
events and the history of APOs. Also, all components 
of the FRS except high-density lipoprotein cholesterol 
(HR, 0.86 [95% CI, 0.64–1.16]) and current smok-
ing (HR, 1.33 [95% CI, 0.94–1.88]) were significant 
in these models. Fitting the multivariate model for 
Framingham components leads to significant effects 
for these variables. The adjusted HR for high-density 
lipoprotein cholesterol and current smoking were 0.7 
(0.51–0.95) and 1.48 (1.04–2.10), respectively. The C-
statistics of this model was 0.7798 (0.7602–0.7974), 
which showed an acceptable level of model predictive 

Figure 1.  Flowchart of study.
Some cases were excluded for >1 reason. CVD indicates cardiovascular disease; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; T2DM, type 2 diabetes; and TLGS, Tehran Lipid and 
Glucose Study.
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Table 1.  Baseline Characteristics of the Participants by the 10-year Framingham Risk Score Categories

10-y Framingham risk categories

Total (n=4013) Low risk (n=2372)
Intermediate risk 
(n=742) High risk (n=899) P value

Age, y, median (IQR) 44 (36–53) 38 (33–43) 52 (46–57) 59 (52–65) <0.001

BMI (kg/m2), median (IQR) 28.23 (25.23–31.46) 27.34 (24.61–30.33) 29.48 (26.41–32.58) 29.52 (26.49–32.46) <0.001

WC (cm), median (IQR) 90 (82–99) 86 (79–94) 95 (87–102) 97 (89–104) <0.001

HC (cm), median (IQR) 105 (99–110) 104 (99–110) 106 (100–113) 105 (100–112) <0.001

WHR, median (IQR) 0.85 (0.8–0.91) 0.83 (0.78–0.88) 0.88 (0.83–0.93) 0.91 (0.85–0.96) <0.001

SBP (mm Hg), median 
(IQR)

117 (107–130) 110 (103–118) 124 (116–134) 141 (128–155) <0.001

DBP (mm Hg), median 
(IQR)

78 (71–85) 75 (69–81) 81 (75–88) 84 (77.5–92) <0.001

TC (mg⁄dL), median (IQR) 212 (184–245) 195 (171–219) 231 (207–265) 245 (229–277) <0.001

TG (mg⁄dL), median (IQR) 148 (101–210) 121 (87–174) 170 (128–229) 206 (151–281.5) <0.001

HDL-C (mg/dL), median 
(IQR)

42 (37–51) 44 (38–53) 42 (37.25–53) 42 (35–49) 0.002

LDL-C (mg/dL), median 
(IQR)

135 (111.4–162.2) 122.8 (101.8–142.9) 151.6 (127.8–178.7) 161.6 (140.35–183.05) <0.001

FPG (mg⁄dL), median (IQR) 91 (85–100) 88 (83–94) 94 (87–104) 102 (91–136.5) <0.001

2 h-PCPG (mg⁄dL), median 
(IQR)

112 (95–136) 106 (90–125) 119 (101–145) 136 (110–185) <0.001

Smoking (Yes) 227 (5.66) 104 (4.38) 56 (7.55) 67 (7.45) <0.001

Antihypertension 
medication (Yes)

398 (39.96) 31 (19.38) 66 (27.62) 301 (50.42) <0.001

Creatinine (mg⁄dL), median 
(IQR)

0.97 (0.9–1.04) 0.95 (0.89–1.02) 0.98 (0.91–1.06) 1.01 (0.92–1.09) <0.001

Family history of premature 
CVD, n (%)

717 (18.42) 404 (17.03) 141 (19.86) 172 (20.24) 0.09

Gravity, median (IQR) 4 (2–5) 3 (2–4) 5 (3–6) 6 (4–7) <0.001

Parity, median (IQR) 3 (2–5) 2 (2–3) 4 (3–5) 5 (3.5–6) <0.001

Menopause status (Yes) 1463 (36.46) 279 (11.76) 452 (60.92) 732 (81.42) <0.001

Menopause at age<45, 
n (%)

582 (19.58) 298 (21.24) 134 (18.98) 150 (17.38) 0.07

History of GD, n (%) 431 (10.74) 202 (8.52) 96 (12.94) 133 (14.79) <0.001

History of PIH/PEC, n (%) 269 (6.7) 164 (6.91) 50 (6.74) 55 (6.12) 0.72

History of abortion, n (%) 1354 (33.74) 662 (27.91) 307 (41.37) 385 (42.83) <0.001

History of stillbirth, n (%) 277 (6.9) 123 (5.19) 61 (8.22) 93 (10.34) <0.001

Subgroup Total (n=1115) Low-risk (n=1098)
Intermediate-risk 
(n=12) High-risk (n=5) P value

History of abortion, n (%) 317 (28.43) 313 (28.51) 2 (16.67) 2 (40) 0.61

History of stillbirth, n (%) 45 (4.04) 44 (4.01) 1 (8.33) 0 (0) 0.51

History of placental 
abruption, n (%)

11 (0.99) 11 (1) 0 (0) 0 (0) …

History of placenta previa, 
n (%)

14 (1.26) 14 (1.28) 0 (0) 0 (0) …

History of PTD, n (%) 48 (4.3) 47 (4.28) 1 (8.33) 0 (0) 0.6

History of twin pregnancy, 
n (%)

39 (3.5) 39 (3.55) 0 (0) 0 (0) …

History of EP, n (%) 10 (0.9) 9 (0.82) 1 (8.33) 0 (0) 0.14

Age at first pregnancy (y), 
median (IQR)

20 (18–23) 20 (18–23) 19 (17–21) 20 (18-23) 0.01

BMI indicates body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; EP, ectopic pregnancy; FPG, fasting plasma glucose; GD, 
gestational diabetes; HC, hip circumference; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range;. LDL-C, low-density lipoprotein cholesterol; 
n (%), number (percent); 2 h-PCPG, 2-hour postchallenge plasma glucose; PIH/PEC, pregnancy-induced hypertension/preeclampsia; PTD, preterm delivery; 
SBP, systolic blood pressure; TC, total cholesterol, TG, triglyceride; WC, waist circumference; and WHR, waist-to-hip ratio.
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power. Moreover, the result of Likelihood Ratio Test in-
dicated that the model with added value of APO fits 
significantly better than the model with the ordinary 

Framingham model. Figure S1 shows the calibration 
of original Framingham and established models using 
the Harrell method.

Figure 2.  Kaplan–Meier survival curve of 2 groups (women with and without pregnancy complications) for age at 
cardiovascular diseases and time from baseline to cardiovascular disease event.
 

Table 2.  Univariate and Multivariate Hazard Ratio for Cardiovascular Disease Risk From Proportional Hazard Cox Models 
Comparing Models With and Without Pregnancy Complication History

Covariates

Univariate model for Framingham 
components and pregnancy 
complication history

Multivariate model for 
Framingham components

Established model for 
Framingham components and 
history of APOs

HR 95% CI HR 95% CI HR 95% CI

Age at baseline (per 1 y) 1.08* 1.07–1.08* 1.06* 1.05–1.07* 1.06* 1.05–1.07*

SBP (per 10 mm Hg) 1.28* 1.24–1.33* 1.05* 1.00–1.10* 1.05* 1.00–1.10*

Serum TC (per 1 mmol/L) 1.41* 1.33–1.49* 1.13* 1.06–1.21* 1.14* 1.07–1.22*

HDL-C (per 1 mmol/L) 0.86 0.64–1.16 0.7* 0.51–0.95* 0.71* 0.52–0.96*

Type 2 diabetes (yes) 2.77* 2.30–3.35* 1.47* 1.21–1.80* 1.41* 1.16–1.73*

Current smoking (yes) 1.33 0.94–1.88 1.48* 1.04–2.10* 1.49* 1.05–2.11*

Antihypertensive use (yes) 3.36* 2.75–4.09* 1.42* 1.13–1.79* 1.41* 1.12–1.78*

History of abortion (yes) 1.69* 1.43–2.00*

History of stillbirth (yes) 2.01* 1.56–2.60*

History of PIH/PEC (yes) 1.33* 0.97–1.82*

History of GD (yes) 2.24* 1.79–2.81*

History of APO

Only 1 1.61* 1.34–1.94* 1.22* 1.01–1.47*

2 2.67* 2.08–3.43* 1.94* 1.51–2.51*

3 or 4 3.4* 2.08–5.58* 2.48* 1.51–4.07*

C-statistic (95% CI) 0.7798 (0.7602–0.7974) 0.7851 (0.7677–0.8041)

Testing the difference between 2 
correlated overall C indices

P value < 0.001

Likelihood ratio test P value < 0.001

*Significant values at alpha level 0.05.
APO indicates adverse pregnancy outcome; GD, gestational diabetes; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; PIH/PEC, pregnancy-

induced hypertension/preeclampsia; SBP, systolic blood pressure; and TC, total cholesterol.



J Am Heart Assoc. 2022;11:e022349. DOI: 10.1161/JAHA.121.022349� 8

Saei Ghare Naz et al.� Adverse Pregnancy Outcomes and CVD Risk

Table 3 shows HR for cardiovascular disease risk 
from proportional hazard Cox models comparing 
models with and without pregnancy complication his-
tory in subgroup analysis.

The enhanced model by adding APO variables 
to the Framingham components has the higher C-
statistic 0.7851 (0.7677–0.8041). In this model, the HR 
of experiencing an event was 1.22 (1.01–1.47) for those 
who have only 1 APO. More frequent APOs increased 
the risk of CVD events, so for the woman with 2 com-
plications, the estimated HR was 1.94 (1.51–2.51), and 
for those who have 3 or 4 complications was 2.48 
(1.51–4.07).

The result of the subgroup analysis shows im-
provement in C statistics by adding primary compli-
cations from 0.7589 (0.6915–0.8159) for the crude 
Framingham model to 0.7716 (0.6918–0.8303) for 
the elevated one. On the other hand, adding extra 
pregnancy-related variables (placenta previa, PTD, 
and age at first pregnancy) did not increase the model 
prediction power. In this group of women, the hazard 
of individuals with a history of at least 1 primary com-
plication for CVD event was 84% (14%–197%) higher 
than others without the complication, adjusted for 
secondary complications.

After 10  years of follow-up, all participants were 
classified as low- and intermediate-risk groups. Only 
72 (1.97%) experienced an event; therefore, the risk 

prediction model was performed in 2 points (15-year 
follow-up and at the end of the study). The FRS and 
APO variables were from the baseline questionnaire 
and then followed for events over the next 10, 15, and 
19 years.

Table  4 cross-classifies the 15-year predicted 
probability of the crude Framingham model against 
the elevated model by the CVD incidents. The values 
in solid line rectangles represent the agreement be-
tween the 2 models (total of 219 individuals equal to 
83.91%). On the other hand, gray-shaded areas are 
the number of individuals who reclassified correctly. 
Subjects in the first part of the table experienced the 
CVD event, so the better model is one that predicts 
a higher probability for them. In this manner, the el-
evated model has a better prediction for 30 subjects 
(16 subjects in intermediate-risk and 14 subjects in 
high-risk categories) and worse for only 12 individu-
als. The subjects in the second part of this table did 
not experience the CVD event, so the elevated model 
correctly reclassifies the 148 individuals using the 
same logic. Therefore, the elevated model makes a 
better prediction for 18 (30 better predictions minus 
12 worse cases) individuals, leading to a 6.90% im-
provement in prediction. On the other hand, the 
crude Framingham model only improves prediction by 
1.89% for no-incidence cases. The net reclassification 
improvement for the nonevent group was estimated 

Table 3.  Hazard Ratio for Cardiovascular Disease Risk from Proportional Hazard Cox Models Comparing Models With and 
Without Pregnancy Complication History in Subgroup Analysis

Covariates

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

Age (per 1 y) 1.15 (1.09–1.20)* 1.14 (1.09–1.20)* 1.14 (1.09–1.20)*

SBP (per 10 mm Hg) 1.16 (1.01–1.33)* 1.13 (0.98–1.29) 1.13 (0.98–1.30)

Serum TC (per 1 mmol/L) 1.16 (0.93–1.45) 1.13 (0.90–1.43) 1.13 (0.90–1.43)

HDL-C(per 1 mmol/L) 1.82 (0.78–4.27) 1.78 (0.76–4.19) 1.78 (0.75–4.26)

Type 2 diabetes (yes) 0.91 (0.42–1.97) 0.94 (0.44–2.00) 0.92 (0.43–1.96)

Current smoking (yes) 0.69 (0.21–2.20) 0.65 (0.20–2.09) 0.69 (0.21–2.24)

Antihypertensive use 1.85 (0.75–4.55) 1.75 (0.73–4.23) 1.83 (0.74–4.50)

Complications 1.87 (1.16–3.01)* 1.84 (1.14–2.97)*

History of placenta previa (yes) 1.35 (0.24–7.61)

History of preterm delivery (yes) 0.89 (0.38–2.09)

Age at first pregnancy 0.98 (0.92–1.04)

C-statistic (95% CI) 0.7589 (0.6915–0.8159) 0.7716 (0.6918–0.8303) 0.7711 (0.7106–0.8274)

Testing the difference between 2 
correlated overall C indices

Versus model 1 P <0.001 P =0.01

Versus model 2 P =0.22

Likelihood ratio test Versus model 1 P =0.01 P =0.12

Versus model 2 P =0.91

Model 1: Framingham components.
Model 2: Framingham components+Complications (abortion, stillbirth, PIH/PEC, GD).
Model 3: Framingham components+Complications+Extra components (placenta previa, preterm delivery, age at first pregnancy).
*Significant values at alpha level 0.05.
HDL-C indicates high-density lipoprotein; HR hazard ratio; PIH/PEC, pregnancy-induced hypertension/preeclampsia; and TC, total cholesterol.
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at 0.02 (95% CI, 0.001–0.04). Hence, the proposed 
model improves individual classification.

Finally, Table 5 repeats the previous approach for 
risk score using the duration of the total length of the 
study. In this scenario, the agreements between the 
2 models are 499 (91.39%) and 3284 (94.72%) for the 
CVD incident and no CVD incident groups, respectively. 
The elevated model improves the prediction for 31 in-
dividuals in the incident group, which corresponds to 
a 2.75% improvement. Therefore, the elevated model 
enhances the prediction power in both scenarios and 
is more sensitive than the crude Framingham model. 
The net reclassification improvement for the nonevent 
group is 0.01 (95% CI, 0–0.06), which is less than an 
improvement in 15 years of CVD risk.

DISCUSSION
In this population-based cohort study, we revealed that 
adding APOs to the FRS resulted in improvement for 
CVDs risk prediction. Moreover, we found that the HR 
of experiencing the CVD event was further enhanced 
by increasing the number of pregnancy complications 
during the women’s life.

CVDs are the most common cause of wom-
en’s mortality and morbidity and continue to be the 
major cause of disability-adjusted life-years lost for 
women.47,48 Optimal prevention of CVDs requires an 
accurate assessment of CVD risk factors.49 Over the 
past decades, several risk estimation tools were de-
veloped for prevention of CVDs.50 Despite using some 

Table 4.  Reclassification of Cardiovascular Disease Risk Category (15-year Follow-Up) After Adding Adverse Pregnancy 
Outcomes

Established CVD risk factor 
model

Established CVD risk factor model+pregnancy complication history

Low risk Intermediate risk High risk Total

N % N % N % N %

Observation with incident CVD event

0% to <5% 123 97.62 16 16.49 0 0 139 53.26

5% to <10% 3 2.38 72 74.23 14 36.84 89 34.1

≥10% 0 0 9 9.28 24 63.16 33 12.64

Total 126 97 38 261

Observation with no incident CVD event

0% to <5% 1213 98.78 86 4.2 0 0 1299 34.62

5% to <10% 15 1.22 1828 89.3 133 27.88 1976 52.67

≥10% 0 0 133 6.5 344 72.12 477 12.71

Total 1228 2047 477 3752

Shaded areas: improvement in classification. Bolded areas: agreement between classifications. NRI=0.04 (95% CI, −0.002 to 0.10). NRI for events=0.02 
(95% CI, −0.02 to 0.07). NRI for nonevents 0.02 (95% CI 0.001–0.04). IDI=0 (95% CI, −0.008 to 0.008). CVD indicates cardiovascular disease; IDI, integrated 
discrimination improvement; and NRI, net reclassification improvement.

Table 5.  Reclassification of Cardiovascular Disease Risk Category (at the End of Study) After Adding Adverse Pregnancy 
Outcomes

Established CVD risk 
factor model

Established CVD risk factor model+pregnancy complication history

Low risk Intermediate risk High risk Total

N % N % N % N %

Observation with incident CVD event

0% to <5% 122 96.83 17 17.17 0 0 139 25.46

5% to <10% 4 3.17 70 70.71 14 4.36 88 16.12

≥10% 0 0 12 12.12 307 95.64 319 58.42

Total 126 99 321 546

Observation with no incident CVD event

0% to <5% 1207 98.77 92 12.12 0 0 1299 37.47

5% to <10% 15 1.23 467 77.19 30 1.83 512 14.77

≥10% 0 0 46 7.6 1610 98.17 1656 47.76

Total 1222 605 1640 3467

Shaded areas: improvement in classification. Bolded areas: agreement between classifications. NRI=0.01 (95% CI, 0–0.06). NRI for events=0 (95% 
CI, −0.002 to 0). NRI for nonevents 0.01 (95% CI, 0–0.06). IDI = 0.003 (95% CI −0.025 to 0.032). CVD indicates cardiovascular disease; IDI, integrated 
discrimination improvement; and NRI, net reclassification improvement.
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established risk factors in the existing tools, efforts are 
being continued to add other elements to CVD risk 
assessment tools and to improve the effective identi-
fication and management of the high-risk population. 
Therefore, beyond the established risk factors, some 
novel risk factors or biomarkers (eg, hemoglobin A1c, 
microalbuminuria, C-reactive protein, coronary cal-
cium, and carotid intima-media thickness) have been 
found to be associated with CVDs.24 The availability, 
affordability, and cost-effectiveness of these CVD risk 
estimation tools are very important. While biomarker 
measurements are more costly than other strategies, 
using easily recorded factors is a more cost-effective 
approach, especially in low-resource countries.

Determining the female-specific risk factors and 
applying them in risk estimation tools could enhance 
the preventive approaches. Pregnancy complications 
are red flags for CVDs,51 and extensive evidence has 
highlighted the pregnancy-related cardiovascular risk 
factors.5,9,52 Approximately 10% to 20% of pregnancies 
are complicated by APOs.53 These common factors 
are underlying but often neglected cardiovascular risk 
indicators.52,54 Despite the importance of APOs in CVD 
risk assessment tools, limited studies have reported 
their use within the risk assessment tools.

In our study, a history of GD was associated with 
a greater risk of CVD events compared with the other 
APOs. In the case of GD, the result of a recent meta-
analysis among more than 5 million women revealed 
that in women with a history of GD, the risk of CVDs 
was 2-fold higher than women with no history of GD, 
and interestingly, this risk was independent of the de-
velopment of type 2 diabetes in these women.55 GD 
per se might be associated with an increased risk of 
other pregnancy complications such as pregnancy-
induced hypertension (3-fold higher than control).56 
Moreover, preeclampsia could double the risk of CVDs 
compared with women without it.57 Similarly, elevated 
risks of CVD events were observed in relation to the 
history of abortion, the most common pregnancy 
complication, and stillbirth as another pregnancy loss 
complication.13,58 In spite of their high prevalence, 
pregnancy loss complications were not included as 
a predictive component in previous CVDs risk esti-
mation studies. The association between pregnancy 
complications and future maternal risk of CVD is well 
established in a large meta-analysis with 28 993 438 
patients, demonstrating that CVD risk in women with 
a history of preeclampsia is 2.7-fold higher than in 
women with no history of preeclampsia. This elevated 
risk in women with a history of gestational hyperten-
sion, placental abruption, preterm birth, stillbirth, and 
GD ranged from 1.5- to 1.8-fold.59 However, in this 
meta-analysis, the authors failed to conclude the as-
sociation between miscarriage and CVDs because of 
the insufficient number of studies that had included 

miscarriage as well as the heterogeneity of other stud-
ies that had considered stillbirth and miscarriage as 
composite variables.59 In contrast, another review 
involving 18 studies up to 2016 reported that a his-
tory of miscarriage and/or stillbirth increases the risk 
of coronary heart disease. Additionally, women with 
multiple miscarriages or stillbirths had a greater risk of 
coronary heart disease compared with other cases.60

We observed a greater risk of experiencing an event 
(CVDs) in women with a history of multiple APOs. This 
cumulative effect might be related to the significant 
contribution of APOs in the development of CVDs 
because of the additional or recurrent cardiometa-
bolic changes in cases with multiple/repeated APOs. 
On the other hand, women who have experienced 
APOs are at an increased risk for postpregnancy car-
diometabolic risk factors.5 For example, findings from 
a Swedish cohort study among 15 896 parous women 
demonstrated that pregnancy-related status such as 
preeclampsia, PTD, small for gestational age, and 
younger age at first birth was associated with the fu-
ture risk of hypertension in women.61 Increased blood 
pressure is an established risk factor for CVDs and is 
considered in FRS, so it seems that increased blood 
pressure as a consequence of pregnancy complica-
tions plays an important role in promoting the develop-
ment of CVDs.

Our study findings showed that in 2 scenarios (15-
year follow-up and at the end of study), the enhanced 
model improves the prediction power and the sensitiv-
ity more than the crude Framingham model. However, 
in agreement with the recent literature,62 adding the 
APOs did not improve the 10-year CVD risk estima-
tion in women, which may be explained by the young 
age of study participants. While prior studies reported 
conflicting results regarding the adding value of APOs 
to CVD risk estimation, our findings, which are con-
sistent with a survey study conducted in Norway,19 re-
vealed that adding APOs to the prediction model of 
CVDs could increase the risk discrimination for events. 
In this survey study conducted in Norway with a me-
dian follow-up of 8.2 years, the researchers found that 
adding APOs (including preeclampsia, gestational hy-
pertension, PTD, and small for gestational age) to the 
prediction model of CVDs could modestly increase risk 
discrimination for events.19 However, they observed a 
small increase in C-statistic (0.004). Another large co-
hort of Norwegian participants, with a median follow-up 
of 11.4 years, demonstrated that adding hypertensive 
disorder of pregnancy into a 10-year risk prediction 
model resulted in a negligible improvement of the 
model.63 Similarly, Parikh et al (2016) indicated that add-
ing the reproductive factors (age at first birth, number 
of stillbirths and miscarriages, and breastfeeding for at 
least 1 month) to established risk factors changed the 
C-statistic from 0.726 to 0.730.64 Although the mean 
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(SD) age of participants in this study was 63.2 (7.3) 
years, median follow-up time (12  years) was shorter 
and study sample size and CVD events were larger, 
which affect the statistics. Another study also found 
that adding history of a delivery of low-birth-weight off-
spring, history of preeclampsia, and gestational hyper-
tension to 10-year CVD risk prediction of participants 
aged 50–60 years could not significantly improve it.20 
Our study extends prior investigations by accounting 
for multiple APOs including placenta abruption, still-
birth, placenta previa, GD, and abortion. Furthermore, 
in our study the increases in C-statistic were 0.0053 in 
total population and 0.0127 in subgroup analysis (after 
adding other APOs including placenta previa, preterm 
delivery, and age at first pregnancy). In fact, because 
of the strong correlation of APOs with traditional risk 
factors, APOs per se could not present the greater 
improvement in C-statistic. It is noteworthy that even 
a slight improvement in identifying the women at risk 
from earlier surveillance for CVDs by adding low-cost 
and easily recorded risk factors might be beneficial. As 
mentioned earlier, prior studies regarding the adding 
value of APOs to CVDs risk estimation have yielded 
conflicting results. Our study participants at the start 
of follow-up were younger and our study follow-up 
was larger compared with previous studies. Overall, 
because of methodological differences (for example, 
type of exposure variables, follow-up time, and risk 
score type), and differences in characteristics of par-
ticipants, we cannot compare our study results with 
these studies.

In this study, individuals with a history of APOs ex-
perienced CVD events at a younger age and shorter 
follow-up time compared with women without these 
exposures. In other words, women who experienced 
APOs were more likely to develop CVDs at an earlier 
age. The greatest differences between the 2 groups 
were observed after 15  years of follow-up and in 
women aged 55 to 75 years. Increasing attention to 
this group of women and applying need-based pre-
vention strategies is of extreme importance. The same 
finding has been described in a recent cohort study 
that preeclampsia, especially co-incident with PTD in 
a woman, elevated the risk of premature CVDs closer 
to that in a man.65 It should be noted that younger age 
of participants in recruitment time resulted in the low 
incidents of CVDs. Age is a prominent risk factor for 
CVD, and CVD events mostly occur in the elderly pop-
ulation.66 Accordingly, we observed the effect of age 
as a heavily weighted variable during the time course 
from 15-year follow-up until the last follow-up for im-
provement of the model.

While the precise mechanisms interacting between 
APOs and CVDs remain unclear, endothelial dys-
function and inflammation are proposed as key me-
diators initiating the development of CVDs.67 In fact, 

in women who have experienced APOs, both phys-
iological pregnancy-related adaptive changes and 
the pathophysiological condition of APOs can induce 
cardiac stress.8 Moreover, exposure to hypertensive 
and metabolic disorders during pregnancy is linked 
to CVD risk.3 The degree of this association elevates 
with an increasing number of exposures with APOs. 
Pregnancy per se enhances the oxidative stress con-
dition; however, pathological pregnancies such as GD, 
preeclampsia, stillbirth, PTD, and intrauterine growth 
restriction, induce the additional effect of oxidative 
stress.68,69 Sometimes women enter pregnancy with 
pre-existing risk exposures for APOs.70 Prepregnancy 
risk-associated conditions such as glucose intoler-
ance, obesity, hypertension, and hyperlipidemia may 
form a vicious cycle and provide background for inci-
dents of APOs.5 The consequence of APOs may re-
sult in endothelial dysfunction and inflammation later 
in life.5 Such disturbances along with APOs (including 
preeclampsia, GD, small for gestational age, and PTD) 
are antecedents for future hypertension, diabetes, 
obesity, and metabolic syndrome and ultimately sub-
sequent CVD events.5,71

The APO-included model may catch more women 
at higher risk and misclassify those women without 
risk. Misclassification of women as “high risk” may re-
sult in much more involvement of women in primary 
care and unwarranted financial burden, but it seems 
that assumed preventive costs are much less than 
those that will be needed for treatment if ignored. 
Additionally, this overdiagnosis has no crucial side ef-
fect. In a public health setting, it is reasonable to in-
crease the sensitivity at a logical level of specificity.

Translating these discoveries into clinical practice 
will be critical for reducing the population burden of 
CVD. Early detection of CVDs in apparently healthy 
subjects who have experienced APOs may promote 
the type of preventive care and treatment required. 
Information regarding APOs is easily recorded by his-
tory taking and is a cost-effective way to estimate the 
future risk of CVDs. Therefore, collecting information 
may facilitate the early detection of CVDs in women at 
risk and highlight the importance of paying more atten-
tion to this group. Accordingly, health care providers 
should be trained in order to inform women regarding 
the potential risks of CVDs and to use the appropri-
ate tools to improve the CVD mortality and morbid-
ity. Therefore, CVD risk assessment in obstetrics and 
gynecology clinics by using a short questionnaire re-
garding the history of APOs is useful for early detec-
tion of CVDs.72 Obstetricians and gynecologists should 
plan well-woman visits to optimize CVD prevention in 
women with sex-specific risk factors.71

The result of this study can help to guide and design 
clinical preventive strategies for careful follow-up of 
women with a history of APOs. Further cohort studies 
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are required to evaluate the effect of adding APOs to 
CVD risk scores and estimate the number of CVDs that 
could be prevented by implementing best prevention 
strategies based on the added value of APOs.

Limitations and Strengths
This prospective cohort study with a large sample size 
provided sufficient statistical power to detect the po-
tential value of FRS improvement by adding APOs. The 
key strength of this study is the assessment of the ef-
fect of single and multiple APOs in CVD risk estimation. 
Follow-up of participants every 3 years and gathering 
data based on the standard protocol of the TLGS study 
is the strength of this study. These study findings must 
be considered in light of some limitations. One potential 
limitation of this study was related to the unmeasured 
variables (such as genetic factors); those may have 
contributed to the observed added value. Furthermore, 
we have no data on more details regarding the APO 
variables such as type of gestational hypertension dis-
orders, type of treatment of GD, and subcategories of 
preterm delivery based on the GA; hence we could not 
assess their added value. APOs were collected based 
on patient recall. While some APOs such as abortion, 
stillbirth, or preterm birth are reliable, patients may not 
always recall pregnancy-related hypertension or GD.

The TLGS is a prospective cohort study conducted 
among a general population that resided in district 13 
of Tehran. This population is a representative sample 
of an urban Iranian population; as a result, generaliz-
ing the findings to rural people should be done with 
caution. The cumulative incidence in the female partici-
pants of TLGS has been estimated at 11.5% in women, 
which is comparable to our estimation, which is 13.6%. 
Additionally we excluded those participants with miss-
ing data; it may result in some bias; however, it may 
minimally influence our results. On the other hand, 
complete case analysis is assumed to be biased when 
missing data are not completely at random; however, 
in the present data set, missing observations were ran-
dom; therefore the estimates obtained are assumed to 
be negligibly biased.73

CONCLUSIONS
This study supports the role of APOs to refine 
Framingham-based risk stratification for CVDs in 
women. The pregnancy-related risk factors can be 
easily detected by a simple questionnaire and seem to 
be a more cost-effective approach, especially in low-
resource countries.
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SUPPLEMENTAL MATERIAL



Figure S1. The calibration of original Framingham and established models using the Harrell method.
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