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Abstract
Background: In postmenopausal women with established cardiovascular disease (CVD), it is unknown whether a
history of pregnancy complications are related to multisite artery disease (MSAD), defined as atherosclerotic lesions
in at least two major vascular beds. Pregnancy complications are an established risk factor for CVD. This study
aimed to investigate the frequency of pregnancy complications and their association to specific atherosclerotic
manifestations and prediction of MSAD in older women with and without CVD.
Methods: In total, 556 women were invited to participate in the study. Of these women 307 reported former
pregnancy from a cohort of women with (n = 233) and without CVD (n = 74). The self-reported frequency of
pregnancy complications were surveyed retrospectively by a questionnaire that included miscarriage, subfertility,
gestational hypertension (GHT) and/or preeclampsia (PE), low birth weight, preterm birth, bleeding in late
pregnancy, gestational diabetes mellitus and high birth weight. Three vascular beds were examined, the peripheral,
carotid and coronary arteries.
Results: The mean age was 67.5 (SD 9.5) years. GHT and/or PE tended to be more common, but not significant,
in women with CVD than in women without (20.3% vs 10.8%, p = 0.066). Among women with GHT and/or PE,
hypertension later in life were more frequent than in women without (66.7% vs 47.4%, p = 0.010). GHT and/or PE
were not associated with specific atherosclerotic manifestations or prediction of MSAD.
Conclusions: In older women with established CVD, pregnancy complications was not associated to specific
atherosclerotic manifestations and may not provide additional value to the risk evaluation for MSAD.
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Background
In postmenopausal women with established cardiovascular disease (CVD), it is unknown whether a history of
pregnancy complications are associated to specific atherosclerotic manifestations or is associated to prediction
of multisite artery disease (MSAD), defined as atherosclerotic lesions in at least two major vascular beds [1].
The importance of pregnancy complications in relation
to other traditional risk factors for CVD is also unknown. It is well described that several pregnancy complications increase the risk for CVD [2, 3], as well as the
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menopause, age and other traditional risk factors. CVD
and pregnancy complications likely share possible pathophysiological mechanisms in terms of vascular function,
immunoregulation and metabolic control [4]. Some
pregnancy complications have been associated with an
earlier development of traditional risk factors [5].
The association between common pregnancy complications and future risk of CVD has received attention in
the latest CVD prevention guidelines that highlighted
gestational hypertension (GHT), preeclampsia (PE), and
gestational diabetes mellitus (GDM) [2, 3, 6]. Other
pregnancy complications that had been suggested to increase the risk of CVD are miscarriage, subfertility, low
birth weight (LBW), preterm birth, bleeding in late pregnancy and high birth weight (HBW) [7–11]. Most
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studies of pregnancy complications and risk of CVD studied younger women without symptoms of disease [12, 13].
CVD mostly occur at an older age. A high proportion of
postmenopausal women have findings of asymptomatic
atherosclerosis at examination and traditional risk factors
increase this risk [14, 15]. Atherosclerotic involvement in
one vascular bed also increases the risk of engagement in
another. When present with the first clinical manifestation
of CVD, findings of asymptomatic atherosclerosis at
examination of the vessels are common. The total burden
of atherosclerosis is associated to increased risk of future
CVD events and worse prognosis [1, 16]. The knowledge
about the association of pregnancy complications and atherosclerosis in patients with established CVD is limited.
Although studies report conflicting findings regarding
the reliability of self-reported pregnancy history, selfreporting is the most common means of obtaining this
information especially in older women for which other
types of documentation may not be available [17, 18].
The study aimed to investigate whether self-reported
pregnancy complications were more common in postmenopausal women with CVD than without. The aim of
the study was also to determine whether self-reported
pregnancy complications could be associated to specific
manifestations of atherosclerosis and whether they could
predict MSAD in older women.

Methods
Study population

Study participants with CVD (myocardial infarction
(MI) or peripheral artery disease (PAD)) were
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recruited from three patient cohorts; REBUS (RElevance of Biomarkers for future risk of thromboembolic events in UnSelected post-myocardial
infarction patients) [19], VaMIS (Västmanland Myocardial Infarction Study) [20] and PADVa (Peripheral
Artery Disease in Västmanland) [21]. Study participants without CVD were recruited from controls of
the VaMIS study. In total 556 women were included
in the present study (Fig. 1).

Description of the cohorts

The REBUS study included patients with MI according to the universal definition [22] at the Department
of Cardiology at Uppsala University Hospital in 2010–
2012 [19]. Exclusion criteria were death within five
days of MI or inability to participate in follow up and
the cohort represents an unselected MI population.
The VaMIS study included patients with MI according
to the universal definition [20]. Exclusion criteria were
dementia, acute confusion, and other severe disease or
language difficulties.
In the PADVa study, consecutive patients referred
to the Vascular Ultrasound Laboratory of the department of Vascular Surgery at Västmanland County
Hospital were evaluated for inclusion [21]. Inclusion
criteria was at least one of the following; mild to severe stenosis of the internal carotid artery, symptoms
of claudication combined with an ankle brachial index
(ABI) ≤0.90 or patients with symptoms of claudication
combined with ultrasonographic evidence of arterial

Fig. 1 Description of the study population.
REBUS RElevance of Biomarkers for future risk of thromboembolic events in UnSelected post-myocardial infarction patients, VaMIS Västmanland
Myocardial Infarction Study, PADVa Peripheral Artery Disease in Västmanland, CVD Cardiovascular disease
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occlusive disease in the ipsilateral extremity. There
were no exclusion criteria in the PADVa study. The
VaMIS and PADVa studies were conducted at Västmanland County Hospital in Västerås in 2005–2011.
The cohort without CVD was recruited from the
control group of VaMIS. For each VaMIS patient included, a control subject was recruited from the general population by use of the Swedish Population
Register, were all Swedish citizens are registered.
General population citizens with the closest date of
birth, same sex and same municipality as the VaMIS
patient were invited to participate by mail [21].
Women with atherosclerotic manifestations at examination were excluded.
In all cohorts, baseline demographics were collected at
inclusion. Risk factors included body mass index (BMI)
and smoking. Smoking status was subdivided into current
or former/never. Information about education and income
were not available. Co-morbidities included hypertension
and diabetes mellitus, both medically treated and journal
verified, and previous clinical diagnosis of MI, stroke, transient ischemic attack or PAD.

Methods for assessment of atherosclerosis

The prevalence of atherosclerosis was assessed in three
vascular beds (peripheral, carotid and coronary arteries)
with methods clinically applicable.
Of the women reporting a former pregnancy 96.1%
(n = 295) underwent examination of the peripheral arteries by measuring ABI at an outpatient visit. PAD was defined as an abnormal ABI score (< 0.9 or > 1.4) in any
one measurement and defined an abnormal finding of
the peripheral arteries [23].
Of the women reporting a former pregnancy 97.7%
(n = 300) underwent carotid ultrasonography. The carotid arteries were assessed using a two-dimensional
Doppler ultrasound examination of the internal carotid
artery or the common carotid artery. Colour duplex and
flow velocities were used to grade stenosis. Atherosclerosis or a previous history of carotid endarterectomy defined an abnormal finding of the carotid arteries [24].
Coronary angiography was done during hospital admission when clinically indicated. Of the women that reported
former pregnancy, 137 women underwent coronary angiography, 96.6% (n = 57) of the patients in REBUS and 95.2%
(n = 80) of the patients in VaMIS. None of the women in
PADVa or in the cohort without CVD underwent coronary
angiography. The findings at coronary angiography were
classified as normal (0–29%), non-significant stenosis (30–
50%), or significant stenosis (> 50%), and/or occlusion. A
stenosis of 30% or more defined an abnormal finding of the
coronary arteries [25]. MSAD was defined as at least two
abnormal findings of the vascular beds examined.
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Description of the questionnaire of self-reported
pregnancy complications

The questionnaire was based on questions proposed by
Roberts and Hubel [26] and included the following
pregnancy complications: a history of miscarriage, subfertility, GHT and/or PE, LBW, preterm birth, bleeding
in late pregnancy, GDM and HBW (definitions are
found in the Additional file 1). In total 8 women died
before the questionnaire was sent and were excluded
(Additional file 1). The questionnaire was sent to the
participants in REBUS in 2013 and to the participants in
VaMIS, PADVa and to the women without CVD in
2016. One reminder was sent to those who did not reply
at first.
Statistical analysis

For descriptive statistics, continuous variables were described as means and standard deviation (SD) and
categorical variables as numbers and percentages. Comparison was done between women with and without
CVD. The pregnancy complication GHT and/or PE were
studied in separate for each of the studied atherosclerotic manifestations. Normally distributed variables were
compared by independent t-test. Categorical variables
were compared by chi-square test and Fisher’s exact test
where appropriate. A p-value < 0.05 was considered statistically significant.
Univariate and multivariate associations between outcome and risk factors were examined with logistic regression models and were presented as estimated odds
ratios (OR) with 95% confidence intervals (CI). The analysis included GHT and/or PE and outcome of MSAD.
A separate analysis was performed of the women with
MI (REBUS and VaMIS). In the multivariate model, adjustment was done for age and smoking. IBM® SPSS Statistics version 24 was used for all statistical analyses.

Results
In total 556 women were invited to participate in the
study by mail. The response rate to the questionnaire
was 59.4% (n = 330) and more detailed information
about the response rate in the different cohorts are
found in the Additional file 1. The women who did answer the questionnaire were younger than those who did
not (Additional file 1). There were minor differences in
mean age between the three cohorts in women with
CVD (Additional file 1). Of the 330 women who answered the questionnaire 93.0% (n = 307) reported at
least one former pregnancy. Previous MI was more common in women who did not report former pregnancy
than those who did (Additional file 1). The present study
cohort consisted of 307 women who reported a former
pregnancy, including women with CVD and without.
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Baseline characteristics

The mean age of the 307 women who reported a
former pregnancy was 67.5 (SD 9.5) years. In women
with CVD the frequency of current smokers was
23.7% (n = 55) compared with 10.8% (n = 8) of the
women without CVD (p = 0.017) (Table 1). There was
a higher frequency of comorbidities in women with
CVD than in women without (Table 1).
Manifestation of atherosclerosis

In women with CVD, 25.1% (n = 74) had abnormal ABI
and 48.3% (n = 145) had atherosclerosis at carotid duplex
examination. Out of the 137 who underwent coronary
angiography, 94.1% (n = 129) had an abnormal finding.
In the coronary arteries non-significant stenosis was
found in 8.7% (n = 12), single vessel disease in 52.6%
(n = 72) and double or triple coronary vessel disease in
32.8% (n = 45).
Self-reported pregnancy complications

The mean parity of women with CVD was 2.49 (SD
1.1) compared to 2.47 (SD 0.9) in women without. In
Table 1 Baseline characteristics, women with CVD versus
without (n = 307)
CVD
(n = 233)

No CVD
(n = 74)

Age at inclusion

68.5 (9.2)

64.3 (9.8)

BMI

27.0 (4.4)

26.2 (4.6)

Hypertension

142 (60.9) 13 (17.6)

Missing p-value

Covariates

Current smoker

55 (23.7)

8 (10.8)

Diabetes mellitus

36 (15.5)

2 (2.7)

< 0.001*
0.2*
< 0.001**
1

0.017**
0.004**

Previous stroke or TIA

8 (3.4)

0 (0)

0.2**

Previous MI

21 (9.0)

0 (0)

0.007**

Previous PAD

34 (14.6)

0 (0)

< 0.001**

Miscarriage

51 (22.4)

16 (21.6)

5

0.9**

Subfertility

41 (18.6)

11 (15.5)

16

0.5**

GHT and/or PE

46 (20.3)

8 (10.8)

6

0.066**

LBW (< 2500 g)

21 (9.5)

7 (9.5)

11

1.0**

Preterm birth (< 37 weeks)

30 (14.2)

6 (8.1)

21

0.2**

Bleeding in late pregnancy 9 (3.9)

2 (2.7)

5

1.0**

GDM

3 (1.3)

2 (2.7)

5

0.6**

HBW (> 4500 g)

12 (5.4)

4 (5.4)

11

1.0**

Pregnancy complications

Values are described as means (SD = standard deviation) for numerical
variables and n (%) for categorical variables
CVD Cardiovascular disease, BMI Body Mass Index, TIA Transient ischemic
attack, MI Myocardial infarction, PAD Peripheral artery disease, GHT Gestational
hypertension, PE Preeclampsia, LBW Low birth weight, GDM Gestational
diabetes mellitus, HBW High birth weight
*p-value by Independent t-test, **p-value by Chi-square test or Fisher’s exact
test where appropriate

women with CVD 25.9% (n = 59) reported more than
one pregnancy complication compared with 19.2%
(n = 14) of women without (p = 0.2). Miscarriage and
subfertility were frequently reported but without differences between the groups (Table 1).
A higher frequency, but not significant, was found
for GHT and/or PE in women with CVD compared
with women without, 20.3% (n = 46) versus 10.8%
(n = 8) (p = 0.066) (Table 1). In a logistic univariate
model, there was a trend towards an association of
GHT and/or PE and CVD (OR 2.10; CI 0.93–4.61;
p = 0.077) which was slightly strengthened after adjustment for age and smoking (OR 2.28; CI 1.00–5.22;
p = 0.051). The frequency of other self-reported pregnancy complications did not differ among women
with CVD or without (Table 1). Few women reported
GDM without difference between women with CVD
or without (Table 1). The frequency of pregnancy
complications in the separate patient cohorts of
women with CVD are found in the Additional file 1.
Hypertension later in life was more common in
women with a history of GHT and/or PE than without,
66.7% versus 47.4% (p = 0.010). There was no association between smoking later in life and a history of
GHT and/or PE. Diabetes mellitus later in life tended
to be more common in women with a history of GHT
and/or PE than without, 20.4% (n = 11) of the women
with GHT and/or PE had diabetes mellitus later in life
compared to 10.9% (n = 27) without (p = 0.059).
Self-reported pregnancy complications and
manifestations of atherosclerosis

GHT and/or PE were not associated with abnormal ABI,
abnormal findings of the carotids or with abnormal findings in both locations (Table 2). Neither GHT and/or PE
were associated with abnormal findings of the coronary
arteries (Table 2). In women who reported bleeding in
late pregnancy, an abnormal ABI was found in 63.6%
(n = 7) compared with 23.3% (n = 65) of the women
without (p = 0.006).
Self-reported pregnancy complications and
manifestations of multisite artery disease

The self-reported pregnancy complications GHT and/or
PE were evaluated for prediction of MSAD (Table 3). In
a univariate logistic regression model GHT and/or PE
was not associated with MSAD (OR of 0.74; CI 0.37–
1.51; p = 0.4) nor after adjustment for age and smoking
(OR 0.77; CI 0.38–1.58; p = 0.5) (Table 3). The same outcome was studied for patients with myocardial infarction
(REBUS and VaMIS). GHT and/or PE had an OR of
0.75 (CI 0.33–1.71 p = 0.5) and persisted after adjustment for age and smoking 0.79 (CI 0.34–1.86 p = 0.6)
(Table 3).
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Table 2 GHT and/or PE and atherosclerotic manifestations
GHT and/or PE
ABI (n = 289*)

Yes

No

12 (23.1)

60 (25.3)

40 (76.9)

177 (74.7)

26 (51.0)

115 (47.3)

25 (49.0)

128 (52.7)

10 (19.6)

47 (20.0)

41 (80.4)

188 (80.0)

5 (4.8)

3 (10.3)

pvalue**
0.7

-Abnormal
-Normal
Carotid (n = 294*)

0.6

-Abnormal
-Normal
ABI and carotid (n = 286*)

0.9

-Abnormal
-Normal
Coronary (n = 134*)

0.4

-Abnormal
-Normal
Coronary and ABI or
Carotid (n = 120*)

100 (95.2)

26 (89.7)

13 (21.3)

13 (22.0)

48 (78.7)

46 (78.0)

0.9

-Abnormal
-Normal

Values are described as n (%) of women with abnormal and normal findings in
the separate vascular beds with and without GHT and/or PE
ABI Ankle brachial index, GHT Gestational hypertension, PE Preeclampsia
*Total number of women who underwent the examination and answered the
question about GHT and PE. **p-value by Chi-square test or Fisher’s exact test
when appropriate

Discussion
Pregnancy complications were frequently reported in both
women with CVD and without. GHT and/or PE tended to
be more common, but not significant, in women with
CVD than without. Pregnancy complications were not associated with specific manifestations of atherosclerosis
and did not predict MSAD in women with CVD.
Pregnancy complications have been described to be associated with an earlier development of traditional risk
factors [5]. GHT and/or PE was the only pregnancy
complication that tended to differ between the groups
and this finding was likely due to an enrichment of the
complication rate in a population with a high proportion
of hypertension. In women who reported GHT and/or
PE, hypertension later in life was more common. Diabetes mellitus later in life also tended to be more common in women with a history of GHT and/or PE. These
Table 3 GHT and/or PE and prediction of MSAD
Population

GHT and/or PE
Univariate

p-value

Multivariate

p-value

-In all patients

0.74 (0.37–1.51)

0.4

0.77 (0.38–1.58)

0.5

-In MI patients

0.75 (0.33–1.71)

0.5

0.79 (0.34–1.86)

0.6

Logistic regression model, adjusted for age and smoking. Values are described
as OR (CI)
GHT Gestational hypertension, PE Preeclampsia, MSAD Multisite artery disease,
MI Myocardial infarction

associations have been described elsewhere [27] and can
be a mediating factor to the risk of CVD. The same
relationship between GDM and later manifestation of
diabetes mellitus have also been published [27] but
was nothing we could confirm due to unexpectedly
few cases of GDM. An explanation for this could be
a difference in the threshold for diagnosing diabetes
mellitus when the participants were in their childbearing age [28].
No associations between pregnancy complications and
manifestations of atherosclerosis were found and pregnancy complications did not predict MSAD in women
with CVD. Our findings are supported by a recent
population-based, prospective cohort study, were pregnancy complications (PE, GHT, preterm birth and small
for gestational age) led to only small improvements in
CVD prediction. Pregnancy complications were not
strong enough independent predictors of CVD after
adjusting for established risk factors [29].
Pregnancy complications might be associated with atherosclerosis through many different pathophysiological
mechanisms (e.g. endothelial dysfunction, inflammation,
metabolic derangements) and/or coincidental cardiovascular risk factors [30]. PE may accelerate the progress of
atherosclerosis [31]. In a recent study, a history of hypertension in pregnancy was associated with later development of specifically PAD [32] but we could not confirm
these findings. We found a significant and previously
not described association between bleeding in late pregnancy and PAD. However, this finding must be interpreted with great caution due to the low number of
cases and needs to be confirmed in future studies. A
common cause of antepartum bleeding in late pregnancy
is placental abruption, which has been associated with
increased cardiovascular mortality [33]. At retrospective
assessment, miscarriage was the most frequent complication reported and the frequency was in accordance
with other studies [34]. Miscarriage has been found to
be associated with a higher risk for coronary heart disease in a recent meta-analysis [35]. Subfertility was also
common and was reported in a slightly higher frequency
than numbers published elsewhere [36].
Earlier studies that concluded associations between different pregnancy complications and risk of CVD mostly
studied younger women [12, 13] even if there are some
that also included older [37]. Others have reported that
the risk for CVD for pregnancy complications seems to
decline with age [12, 38]. In contrast to others, we included older postmenopausal women with symptoms of
disease and compared them to women without CVD regarding atherosclerotic manifestations. Our results suggest
that in older women, traditional risk factors for CVD are
important in the risk evaluation of atherosclerosis whereas
pregnancy complications have less value.
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Limitations

Limitations to this study include the small number of
participants both in the group with CVD and without
and that restricted the numbers of possible confounders
to adjust for in the multivariate analysis. No information
of education and income were available. Women with
atherosclerotic manifestations were excluded from the
control group to simplify the comparability. Pregnancy
history was collected retrospectively and as such, the information gathered is subject to recall- and misclassification bias. Another limitation was the relative low and
varying response rate in the separate cohorts of the
women with CVD. However, the response rates was as
expected since the response rates of questionnaire-based
studies in general have dropped dramatically in the last
decades [39].

Conclusions
With the limitation of the small sample size of the
present study, we found pregnancy complications to be
common in both women with CVD and without. Pregnancy complications were not associated with atherosclerotic manifestations and did not predict MSAD. In
older postmenopausal women with manifest CVD, pregnancy complications may not provide additional value to
the risk evaluation for the extent of atherosclerosis when
other traditional risk factors for CVD are present but
this has to be confirmed in larger longitudinal studies
with verified diagnoses.
Supplementary information
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1186/s12905-019-0851-x.
Additional file 1. Supplementary information.

Abbreviations
ABI: Ankle brachial index; BMI: Body mass index; CI: Confidence interval;
CVD: Cardiovascular disease; GDM: Gestational diabetes mellitus;
GHT: Gestational hypertension; HBW: High birth weight; LBW: Low birth
weight; MI: Myocardial infarction; MSAD: Multisite artery disease; OR: Odds
ratio; PAD: Peripheral artery disease; PADVa: Peripheral Artery Disease in
Västmanland; PE: Preeclampsia; REBUS: RElevance of Biomarkers for future risk
of thromboembolic events in UnSelected post-myocardial infarction patients;
SD: Standard deviation; VaMIS: Västmanland Myocardial Infarction Study
Acknowledgements
Not applicable.
Authors’ contributions
ETC, NJ, BL and CC were involved in the study design. ETC, NJ, JL, PH and CC
were involved in collecting data. ETC collected the data from the
questionnaire. ETC, NJ, JL, PH, BL and CC analyzed the data and contributed
to drafting and revising the manuscript. All authors read and approved the
final manuscript.
Funding
This work was supported by grants from Erik, Karin och Gösta Selanders
stiftelse that covered the expenses for the distribution of the questionnaire.

Page 6 of 7

The founders had no role in the design of the study, or in the collection,
analysis or interpretation of data, or in writing the manuscript.
Availability of data and materials
The datasets generated and analyzed during the current study are not
publicly available due to individual privacy of the study participants.
Ethics approval and consent to participate
The regional ethics committee of Uppsala that belongs to the Swedish
Ethical Review Authority approved the study, reference number Dnr 2009/
210 for REBUS, Dnr 2005/169 for VaMIS and Dnr 2005/382 for PADVa. Written
informed consent was obtained from all patients.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
Department of Medical Sciences, Cardiology, Uppsala University, S-751 85
Uppsala, Sweden. 2Centre for Clinical Research, Uppsala University,
Västmanland County Hospital, Västerås, Sweden. 3Department of Clinical
Physiology, Uppsala University, Västmanland County Hospital, Västerås,
Sweden. 4Uppsala Clinical Research Center, Uppsala University, Uppsala,
Sweden.
1

Received: 3 July 2019 Accepted: 15 November 2019

References
1. Aboyans V, Ricco JB, MEL B, Bjorck M, Brodmann M, Cohnert T, et al. 2017
ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial
Diseases, in collaboration with the European Society for Vascular Surgery
(ESVS): Document covering atherosclerotic disease of extracranial carotid
and vertebral, mesenteric, renal, upper and lower extremity arteriesEndorsed
by: the European Stroke Organization (ESO) The Task Force for the
Diagnosis and Treatment of Peripheral Arterial Diseases of the European
Society of Cardiology (ESC) and of the European Society for Vascular
Surgery (ESVS). Eur Heart J. 2018;39(9):763–816.
2. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM, et al.
Effectiveness-based guidelines for the prevention of cardiovascular disease
in women--2011 update: a guideline from the american heart association.
Circulation. 2011;123(11):1243–62.
3. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al.
2016 European Guidelines on cardiovascular disease prevention in clinical
practice: The Sixth Joint Task Force of the European Society of Cardiology
and Other Societies on Cardiovascular Disease Prevention in Clinical Practice
(constituted by representatives of 10 societies and by invited experts)
Developed with the special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J. 2016;37(29):
2315–81.
4. Hauspurg A, Ying W, Hubel CA, Michos ED, Ouyang P. Adverse pregnancy
outcomes and future maternal cardiovascular disease. Clin Cardiol. 2018;
41(2):239–46.
5. Paauw ND, Luijken K, Franx A, Verhaar MC, Lely AT. Long-term renal and
cardiovascular risk after preeclampsia: towards screening and prevention.
Clin Sci (Lond). 2016;130(4):239–46.
6. Bushnell C, McCullough LD, Awad IA, Chireau MV, Fedder WN, Furie KL,
et al. Guidelines for the prevention of stroke in women: a statement for
healthcare professionals from the American Heart Association/American
Stroke Association. Stroke. 2014;45(5):1545–88.
7. Robbins CL, Hutchings Y, Dietz PM, Kuklina EV, Callaghan WM. History of
preterm birth and subsequent cardiovascular disease: a systematic review.
Am J Obstet Gynecol. 2014;210(4):285–97.
8. Ranthe MF, Andersen EA, Wohlfahrt J, Bundgaard H, Melbye M, Boyd HA.
Pregnancy loss and later risk of atherosclerotic disease. Circulation. 2013;
127(17):1775–82.
9. Bonamy AK, Parikh NI, Cnattingius S, Ludvigsson JF, Ingelsson E. Birth
characteristics and subsequent risks of maternal cardiovascular disease: effects
of gestational age and fetal growth. Circulation. 2011;124(25):2839–46.

Cederlöf et al. BMC Women's Health

(2019) 19:160

10. Magann EF, Cummings JE, Niederhauser A, Rodriguez-Thompson D,
McCormack R, Chauhan SP. Antepartum bleeding of unknown origin in the
second half of pregnancy: a review. Obstet Gynecol Surv. 2005;60(11):741–5.
11. Parikh NI, Cnattingius S, Mittleman MA, Ludvigsson JF, Ingelsson E.
Subfertility and risk of later life maternal cardiovascular disease. Hum
Reprod. 2012;27(2):568–75.
12. Cirillo PM, Cohn BA. Pregnancy complications and cardiovascular disease
death: 50-year follow-up of the child health and development studies
pregnancy cohort. Circulation. 2015;132(13):1234–42.
13. Fraser A, Nelson SM, Macdonald-Wallis C, Cherry L, Butler E, Sattar N, et al.
Associations of pregnancy complications with calculated cardiovascular
disease risk and cardiovascular risk factors in middle age: the Avon longitudinal
study of parents and children. Circulation. 2012;125(11):1367–80.
14. Maturana MA, Franz RF, Metzdorf M, da Silva TR, Spritzer PM. Subclinical
cardiovascular disease in postmenopausal women with low/medium
cardiovascular risk by the Framingham risk score. Maturitas. 2015;81(2):311–6.
15. Petisco AC, Assef JE, de Jesus CA, Saleh MH, Barbosa JE, Costa de Souza Le
Bihan D, et al. High prevalence of subclinical atherosclerosis in Brazilian
postmenopausal women with low and intermediate risk by Framingham
score. Int J Cardiovasc Imaging. 2017;33(3):401–10.
16. Mukherjee D, Eagle KA, Kline-Rogers E, Feldman LJ, Juliard JM, Agnelli G,
et al. Impact of prior peripheral arterial disease and stroke on outcomes of
acute coronary syndromes and effect of evidence-based therapies (from the
global registry of acute coronary events). Am J Cardiol. 2007;100(1):1–6.
17. Tomeo CA, Rich-Edwards JW, Michels KB, Berkey CS, Hunter DJ, Frazier AL,
et al. Reproducibility and validity of maternal recall of pregnancy-related
events. Epidemiology. 1999;10(6):774–7.
18. Falkegard M, Schirmer H, Lochen ML, Oian P, Acharya G. The validity of selfreported information about hypertensive disorders of pregnancy in a
population-based survey: the Tromso study. Acta Obstet Gynecol Scand.
2015;94(1):28–34.
19. Christersson C, Lindahl B, Berglund L, Siegbahn A, Oldgren J. The utility of
coagulation activity for prediction of risk of mortality and cardiovascular
events in guideline-treated myocardial infarction patients. Ups J Med Sci.
2017;122(4):224–33.
20. Eriksson Ostman M, Calais F, Rosenblad A, Frobert O, Leppert J, Hedberg P.
Prognostic impact of subclinical or manifest extracoronary artery diseases
after acute myocardial infarction. Atherosclerosis. 2017;263:53–9.
21. Hedberg P, Hammar C, Selmeryd J, Viklund J, Leppert J, Hellberg A, et al.
Left ventricular systolic dysfunction in outpatients with peripheral
atherosclerotic vascular disease: prevalence and association with location of
arterial disease. Eur J Heart Fail. 2014;16(6):625–32.
22. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al.
Third universal definition of myocardial infarction. Circulation. 2012;126(16):
2020–35.
23. Schroder F, Diehm N, Kareem S, Ames M, Pira A, Zwettler U, et al. A
modified calculation of ankle-brachial pressure index is far more sensitive in
the detection of peripheral arterial disease. J Vasc Surg. 2006;44(3):531–6.
24. North American Symptomatic Carotid Endarterectomy Trial. Methods,
patient characteristics, and progress. Stroke. 1991;22(6):711–20.
25. Jonelid B, Johnston N, Berglund L, Andren B, Kragsterman B, Christersson C.
Ankle brachial index most important to identify polyvascular disease in
patients with non-ST elevation or ST-elevation myocardial infarction. Eur J
Intern Med. 2016;30:55–60.
26. Roberts JM, Hubel CA. Pregnancy: a screening test for later life
cardiovascular disease. Women's Health Issues. 2010;20(5):304–7.
27. Heida KY, Franx A, van Rijn BB, Eijkemans MJ, Boer JM, Verschuren MW, et al.
Earlier age of onset of chronic hypertension and type 2 diabetes mellitus
after a hypertensive disorder of pregnancy or gestational diabetes mellitus.
Hypertension. 2015;66(6):1116–22.
28. Buckley BS, Harreiter J, Damm P, Corcoy R, Chico A, Simmons D, et al.
Gestational diabetes mellitus in Europe: prevalence, current screening
practice and barriers to screening. A review. Diabet Med. 2012;29(7):844–54.
29. Markovitz AR, Stuart JJ, Horn J, Williams PL, Rimm EB, Missmer SA, et al.
Does pregnancy complication history improve cardiovascular disease risk
prediction? Findings from the HUNT study in Norway. Eur Heart J. 2019;
40(14):1113–20.
30. Wenger NK. Recognizing pregnancy-associated cardiovascular risk factors.
Am J Cardiol. 2014;113(2):406–9.
31. de Jager SCA, Meeuwsen JAL, van Pijpen FM, Zoet GA, Barendrecht AD,
Franx A, et al. Preeclampsia and coronary plaque erosion: manifestations of

Page 7 of 7

32.

33.

34.
35.

36.

37.

38.

39.

endothelial dysfunction resulting in cardiovascular events in women. Eur J
Pharmacol. 2017;816:129–37.
Weissgerber TL, Turner ST, Bailey KR, Mosley TH Jr, Kardia SL, Wiste HJ, et al.
Hypertension in pregnancy is a risk factor for peripheral arterial disease
decades after pregnancy. Atherosclerosis. 2013;229(1):212–6.
DeRoo L, Skjaerven R, Wilcox A, Klungsoyr K, Wikstrom AK, Morken NH, et al.
Placental abruption and long-term maternal cardiovascular disease
mortality: a population-based registry study in Norway and Sweden. Eur J
Epidemiol. 2016;31(5):501–11.
Griebel CP, Halvorsen J, Golemon TB, Day AA. Management of spontaneous
abortion. Am Fam Physician. 2005;72(7):1243–50.
Oliver-Williams CT, Heydon EE, Smith GC, Wood AM. Miscarriage and future
maternal cardiovascular disease: a systematic review and meta-analysis.
Heart. 2013;99(22):1636–44.
Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA.
National, regional, and global trends in infertility prevalence since 1990: a
systematic analysis of 277 health surveys. PLoS Med. 2012;9(12):e1001356.
Freibert SM, Mannino DM, Bush H, Crofford LJ. The association of adverse
pregnancy events and cardiovascular disease in women 50 years of age
and older. J Women's Health (Larchmt). 2011;20(2):287–93.
Nelander M, Cnattingius S, Akerud H, Wikstrom J, Pedersen NL, Wikstrom
AK. Pregnancy hypertensive disease and risk of dementia and cardiovascular
disease in women aged 65 years or older: a cohort study. BMJ Open. 2016;
6(1):e009880.
Morton SM, Bandara DK, Robinson EM, Carr PE. In the 21st century, what is
an acceptable response rate? Aust N Z J Public Health. 2012;36(2):106–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

