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A B S T R A C T

Objective: To assess midlife cardiovascular risk profiles in women with a history of hyperemesis or hypertensive
disorders in pregnancy compared to women with none of the studied pregnancy complications.
Study design: Population-based study. Cardiovascular risk factors at the age of 40–45 among women with pre-
vious singleton births only were studied through linkage of the Norwegian Birth Registry and a Norwegian
screening program (the Age 40 Program).
Main outcome measures: Family history of coronary heart disease, body mass index, smoking, physical activity,
systolic and diastolic blood pressure, heart rate, cholesterol, triglycerides, antihypertensive treatment and dia-
betes.
Results: Among 178,231 women participating in the Age 40 Program with previous singleton births; 2140
(1.2%) had experienced hyperemesis and 13,348 (7.5%) hypertensive disorders in pregnancy. Women who had
suffered from hyperemesis were less physically active. The differences in mean systolic blood pressure and body
mass index were probably clinically irrelevant. In women with a history of hypertensive disorders in pregnancy,
systolic and diastolic blood pressure and body mass index were higher, and they were more likely to report
diabetes in midlife. Women who had suffered from hyperemesis or hypertensive disorders in pregnancy were less
likely to be daily smokers.
Conclusion: Women with hypertensive disorders in pregnancy seemed to have an unfavorable cardiovascular risk
profile in midlife compared to women with uncomplicated pregnancies. In contrast there was no consistent
evidence of increased risk subsequent to hyperemesis gravidarum. The proportion of daily smokers was lower in
women with either of the two pregnancy complications.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in
women [1,2], and factors related to their reproductive health is known
to contribute to gender-specific risk for CVD [1,3]. Pregnancy compli-
cations, such as gestational diabetes, gestational hypertension, pre-
eclampsia and placental abruption, are all associated with increased
risk of developing CVD later in life [4–7]. Both the American and
European guidelines now include pregnancy complications as a major

risk factor for later CVD [1,8].
Hyperemesis gravidarum (hyperemesis), characterized by extreme

nausea and vomiting in early pregnancy, is the most common cause of
hospitalization in first trimester and affects 0.3–3.2% of all pregnant
women [9,10]. The pathophysiology is not well understood, but dif-
ferent hypotheses have been suggested, involving placental dysfunc-
tion, gastrointestinal pathology, immunologic factors and endocrine
and metabolic factors [11–14]. The literature is inconsistent when it
comes to risk factors for hyperemesis, but cardiovascular (CV) risk
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factors like hypertension, overweight, diabetes mellitus, hypercholes-
terolemia and low socioeconomic status have all been reported to be
associated with hyperemesis [15–17]. Previous studies have shown
associations between hyperemesis and placental dysfunction disorders,
such as preeclampsia and placental abruption [18–20]. In contrast to
pregnancy-induced hypertension and preeclampsia, CV risk subsequent
to hyperemesis have not yet been explored. These conditions may have
some common features, and whether they share an increased long-term
CV risk or not is important to study.

The aim of this study is to investigate CV risk factors at the age of
40–45 years among women with a history of hyperemesis or hy-
pertensive disorders in pregnancy compared to women with neither
hyperemesis nor hypertensive disorders in pregnancy, using large po-
pulation-based data.

2. Materials and methods

2.1. Sources of data

From 1985 to 1999 the Norwegian health authorities conducted a
screening program; the Age 40 Program [21]. Women and men aged
40–42 years in all Norwegian counties, except Oslo, were asked to
participate. In addition, people aged 39–45 years were invited from a
few counties. The participation rate among women varied between 57%
and 91% during the entire period [22,23]. The main aim of the program
was to investigate midlife CV risk factors.

All births in Norway are notified in the Medical Birth Registry of
Norway (MBRN). This is mandatory, and is to be done within one week
after discharge from the delivery unit. From 1967 all pregnancies
ending after week 16 were notifiable in the MBRN [24].

2.2. Data linkage and study population

The personal identification number unique to every Norwegian re-
sident was used to link data from the cohort of women who participated
in the Age 40 Program to information from the MBRN. Our study

sample comprised of women aged 40–45 participating in the Age 40
Program, with a history of singleton births only registered in the MBRN
(Fig. 1). Ethical approval for the study was obtained from the Regional
Committee for Medical and Health Research Ethics (2015/1347/REC
South East). All participants in the Age 40 Program provided informed
consent.

2.3. Pregnancy complications

In the MBRN maternal diseases before and during pregnancy are
notified. From 1967 to 1998 pregnancy complications were reported in
free text according to the International classification of Disease (ICD).
Women with hyperemesis were registered with ICD-8 codes 638.0
(hyperemesis gravidarum with neuritis) and 638.9 (hyperemesis grav-
idarum without mention of neuritis) until 1998, and from 1999 and
onwards hyperemesis was registered by the ICD-10 codes O21.0 (mild
hyperemesis gravidarum), O21.1 (hyperemesis gravidarum with meta-
bolic disturbances) and O21.9 (vomiting in pregnancy, unspecified)
[25]. Gestational hypertension was defined as at least one measurement
of systolic blood pressure ≥140mmHg and/or 90mmHg diastolic after
20th gestational week, without evidence of pre-existing hypertension.
The MBRN defines pre-eclampsia as gestational hypertension combined
with proteinuria. After 1998 the MBRN registration form was changed
and check boxes for preeclampsia were introduced. In this study hy-
pertensive disorders in pregnancy included gestational hypertension,
preeclampsia and eclampsia.

2.4. Cardiovascular risk factors

The following outcomes were included from the Age 40 Program
where each woman had one visit: Height and weight were measured to
the nearest centimeter and half kilogram, respectively, and body mass
index (BMI) was calculated. The average of the second and third
measurements of systolic and diastolic blood pressure, in addition to
heart rate, was registered (DINAMAP, Critikon, Tampa, USA). A non-
fasting blood sample was analyzed for total cholesterol and

Fig. 1. Participant flow diagram. MBRN: Medical Birth Registry of Norway.
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triglycerides using an enzymatic method. Current use of anti-
hypertensive medication was registered as yes/no. Smoking was clas-
sified into “never, former or daily smoking of cigarettes, cigars or
pipes”. “Reading, watching television or other sedentary activity in
leisure time and less than 4 h of low-to-moderate intensive physical
activity per week” or “0 h of hard physical activity (causing sweating or
breathlessness) per week during leisure time” was defined as physical
inactivity. Physical activity was also divided into a four graded scale:
(1) inactive (defined as above), (2) moderate active: walking, cycling or
other activity for at least 4 h a week or 3 or more hours a week of light
physical activity or less than 1 h a week of hard physical activity, (3)
intermediate active: light sports, heavy gardening or 1–2 h a week of
hard physical activity, (4) intensive active: 3 or more hours a week of
hard physical activity. Information on self-reported incidence of dia-
betes, stroke or myocardial infarction was asked by the following
question: “Have you or have you had diabetes/stroke/myocardial in-
farction?”

2.5. Covariates

Information on the women’s country of origin was obtained from
Statistics Norway. Information on highest attained education registered
in 1980–2001 was obtained from Statistics Norway and classified as
basic (9 years (7 years in the 1960s)), secondary (10–12 years) or ter-
tiary (≥13 years) [26]. Information on family history of coronary heart
disease was obtained from the Age 40 Program, asked by the following
question: “Have one or more of your siblings or parents had a myo-
cardial infarction or angina pectoris?”. Age at first birth was the wo-
men’s age at first registered birth in the MBRN. Information on parity,
hypertension before pregnancy and placental abruption in any preg-
nancy were obtained from the MBRN.

2.6. Statistical methods

Less than 1.5% of the women had missing values either in covariates
or CV risk factors. Only complete cases on all variables were used for
analyses in this population-based cross-sectional study (Fig. 1). Char-
acteristics and CV risk factors among women with a history of either
hyperemesis or hypertensive disorders in pregnancy or both were
compared to women with neither hyperemesis nor hypertensive dis-
orders complicating their pregnancies (hereafter referred to as re-
ference group). Variables with a skewed distribution were logarith-
mically transformed to achieve normality. Medians (interquartile
range) are presented for skewed distributed variables. Linear or logistic
regression models were performed for multivariable analyses. Robust
standard errors were used in all regression models to account for failure
to meet the assumption of constant variance of the error term (homo-
scedasticity). Crude and adjusted β-coefficients or odds ratios (ORs)
with 95% confidence interval (CI) were estimated. Based on prior
knowledge [9,10,15,20,27] the following covariates were included in
the adjusted analyses: the women’s age at first pregnancy and year of
birth, parity, education, ethnicity, hypertension before pregnancy and
family-history of coronary heart disease. The analyses have been con-
ducted in the statistical software STATA version 14.

2.6.1. Subgroup analyses
Women who experienced pregnancy complications in more than

one pregnancy may have excessive risk of CVD [28]. Women with hy-
peremesis or hypertensive disorders in more than one pregnancy were
identified in the population, and sub-analyses on repeated complicated
pregnancies were conducted.

Smoking has been associated with a lower risk of hyperemesis [16]
and preeclampsia [29], but a higher risk of CVD [30]. In order to in-
vestigate if there were any interactions between daily smoking and the
associations between pregnancy complications and CV risk factors, an
interaction term was added in the regression models.

Table 1
Characteristics of the cohort (n= 178,231).

Maternal and pregnancy
characteristics, mean (SD)

Women with hyperemesis
gravidarum in pregnancy
(n= 2140)

Women with hypertensive
disorders in pregnancya

(n= 13,348)

Women with hyperemesis AND
hypertensive disorders in
pregnancya

(n= 189)

Women without hyperemesis or
hypertensive disorders in pregnancya

(n=162,554)

Age at first reg. pregnancy 23.4 (4.1) 23.8 (4.4) 23.4 (3.9) 23.5 (4.3)
Age at the Age 40 Program 41.3 (1.0) 41.3 (1.0) 41.4 (1.0) 41.4 (1.0)
Years from first pregnancy to

health examination
17.9 (4.2) 17.6 (4.5) 17.9 (4.0) 17.9 (4.4)

Years from last pregnancy to
health examination

11.7 (5.1) 11.4 (5.1) 11.4 (4.5) 12.7 (5.2)

Maternal and pregnancy characteristics, n (%)
Maternal country of origin
Norway 2019 (94.3) 12,781 (95.7) 182 (96.3) 154,376 (95.0)
Europe 67 (3.1) 395 (3.0) 4 (2.1) 5525 (3.4)
Africa 4 (0.2) 11 (0.1) 0 173 (0.1)
Asia 31 (1.5) 45 (0.3) 1 (0.5) 856 (0.5)
North-America 18 (0.8) 103 (0.8) 2 (1.1) 1401 (0.9)
South-America 1 (0.1) 10 (0.1) 0 166 (0.1)
Oceania 0 3 (0.02) 0 57 (0.04)

Highest level of education
Basic 362 (16.9) 2273 (17.0) 24 (12.7) 28,742 (17.7)
Secondary 1195 (55.8) 8021 (60.1) 131 (69.3) 95,850 (59.0)
Tertiary 583 (27.2) 3054 (22.9) 34 (18.0) 37,962 (23.3)

Family history of CHD, yes 841 (39.3) 6050 (45.3) 103 (54.5) 66,713 (41.0)
Pre-gestational hypertension 5 (0.2) 283 (2.1) 6 (3.2) 278 (0.2)
Placental abruption in any

pregnancy
31 (1.5) 325 (2.4) 3 (1.6) 1854 (1.1)

Parity
Primipara 155 (7.2) 1430 (10.7) 11 (5.8) 20,430 (12.6)
Multipara 1985 (92.8) 11,918 (89.3) 178 (94.2) 142,124 (87.4)

Abbreviations: CHD coronary heart disease.
a Included gestational hypertension, preeclampsia and eclampsia.
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3. Results

3.1. Cohort

Of the 180,449 women who attended the Age 40 Program at the age
of 40–45 and with a previous singleton pregnancy>23weeks of ge-
station registered in the MBRN, 178,231 (98.8%) were complete cases
and included in this study (Fig. 1). Among these, 2140 women (1.2%)
had hyperemesis and 13,348 (7.5%) had hypertensive disorders during
pregnancy. There were 189 women (0.1%) who had experienced both
hyperemesis and hypertensive disorders in any pregnancy. The age at
first registered pregnancy was similar across all groups, as were mean
years from first pregnancy to participation in the Age 40 Program
(Table 1). A larger proportion of women with hyperemesis had com-
pleted a higher degree of education at the time of the Age 40 Program
compared to the reference group. For women not born in Norway,
women with hyperemesis were more likely to be of Asian origin.
Women with previous pregnancy complications were more often mul-
tipara at the time of the Age 40 Program. Women with a history of
hypertensive disorders in pregnancy were more likely to have placental
abruption in any pregnancy, pre-gestational hypertension and a posi-
tive family history of coronary heart disease (Table 1).

3.2. Cardiovascular risk factors

Women who suffered from hyperemesis had higher mean BMI and
lower mean systolic blood pressure compared to women with none of
the two pregnancy complications (Table 2). They were less likely to
smoke on a daily basis and reported more physical inactivity. Other CV
risk factors explored did not vary according to hyperemesis status in
pregnancy (Table 2).

Compared to the reference group, women with a history of hy-
pertensive disorders in pregnancy had higher BMI, higher mean systolic
and diastolic blood pressure, heart rate, cholesterol and triglycerides at
the age of 40–45 (Table 2). They were also more likely to be taking
antihypertensive medication and reported more diabetes mellitus in
midlife. Women with previous hypertensive disorders in pregnancy
were less likely to smoke than the reference group. Physical inactivity
did not vary accordingly (Table 2). Mean systolic and diastolic blood
pressure were elevated at the age of 40–45 in women with previous
hypertensive disorders in pregnancy independent from number of years
since their last pregnancy (Fig. 2).

Few women had a history of both hyperemesis and hypertensive
disorders in pregnancy (n= 189). These women had increased levels of
most CV risk factors at the age of 40–45 (Table 2).

When dividing smoking-habits into daily, former and never smokers
there was a higher proportion of never smokers among women with a
history of hyperemesis (50.3%) or hypertensive disorders in pregnancy
(45.5%) compared to the reference group (36.3%). Additionally, hy-
peremetic women were less likely to be former smokers at the age of 40
(20.1% vs 22.5%).

Women with hyperemesis were less likely to report both inter-
mediate and intensive physical activity compared to the reference
group. In contrast, women with hypertensive disorders in pregnancy
reported the same amount of intensive physical activity as the reference
group, but slightly less intermediate physical activity (results not
shown).

3.3. Established cardiovascular disease

A total of 504 (0.3%) women reported to have had a CV event (in
total 529 events, 416 S and 113 myocardial infarctions) before the Age
40 Program. The incidence of a myocardial infarction or stroke did not
differ significantly between groups (results not shown).

Table 2
Cardiovascular risk factors at the age of 40 in women with previous hyper-
emesis gravidarum (n=2140), hypertensive disorders in pregnancy
(n= 13,348) or both (n= 189), compared to women with none of the preg-
nancy complications (n= 162,554).

Cardiovascular risk
factors

Mean (SD) Crude β-coefficient
(95% CI)

Adjusteda β-
coefficient (95% CI)

Body mass index (kg/m2)
No HG or HT 24.2 (3.7) Reference Reference
HG 24.4 (3.8) 0.28 (0.12, 0.44) 0.30 (0.14, 0.46)
HT 26.4 (4.9) 2.25 (2.16, 2.33) 2.18 (2.10, 2.27)
HG and HT 26.5 (5.1) 2.38 (1.65, 3.11) 2.23 (1.51, 2.96)

Systolic blood pressure (mmHg)
No HG or HT 123.7 (13.6) Reference Reference
HG 122.7 (13.3) −1.07

(−1.63,−0.50)
−0.84
(−1.40,−0.28)

HT 133.4 (16.5) 9.63 (9.34, 9.92) 9.47 (9.19, 9.76)
HG and HT 133.4 (17.6) 9.65 (7.14, 12.15) 9.34 (6.89, 11.79)

Diastolic blood pressure (mmHg)
No HG or HT 74.9 (9.7) Reference Reference
HG 74.9 (9.7) −0.07 (−0.48,

0.35)
0.14 (−0.27, 0.54)

HT 80.9 (11.0) 5.93 (5.74, 6.12) 5.92 (5.73, 6.11)
HG and HT 81.3 (12.2) 6.33 (4.59, 8.06) 6.30 (4.63, 7.98)

Heart rate (bpm)
No HG or HT 76.9 (12.4) Reference Reference
HG 76.5 (11.4) −0.44 (−0.92,

0.05)
−0.26 (−0.74,
0.23)

HT 79.1 (13.6) 2.18 (1.94, 2.41) 2.24 (2.00, 2.48)
HG and HT 78.1 (13.6) 1.22 (−0.72, 3.16) 1.35 (−0.60, 3.30)

Serum total cholesterol (mmol/L)
No HG or HT 5.4 (1.0) Reference Reference
HG 5.4 (1.0) −0.02 (−0.06,

0.02)
0.00 (−0.04, 0.04)

HT 5.5 (1.0) 0.12 (0.11, 0.14) 0.13 (0.11, 0.14)
HG and HT 5.5 (1.0) 0.08 (−0.06, 0.22) 0.07 (−0.06, 0.21)

Triglycerides (mmol/L), median (quartiles)
No HG or HT 1.1 (0.8–1.6) Reference Reference
HG 1.1 (0.8–1.6) 0.01 (−0.02, 0.05) 0.02 (−0.02, 0.06)
HT 1.2 (0.9–1.8) 0.17 (0.15, 0.19) 0.17 (0.15, 0.18)
HG and HT 1.2 (0.9–1.9) 0.18 (0.05, 0.30) 0.16 (0.03, 0.28)

Cardiovascular risk
factors

n (%) Crude OR (95% CI) Adjusteda OR (95%
CI)

Antihypertensive treatment, n (%)
No HG or HT 2128 (1.3) Reference Reference
HG 32 (1.5) 1.14 (0.81, 1.63) 1.17 (0.82, 1.68)
HT 1043 (7.8) 6.39 (5.92, 6.90) 5.71 (5.26, 6.20)
HG and HT 24 (12.7) 10.97 (7.13,16.86) 9.36 (5.79, 15.14)

Daily smokers, n (%)
No HG or HT 67,022 (41.2) Reference Reference
HG 634 (29.6) 0.60 (0.55, 0.66) 0.62 (0.56, 0.68)
HT 4177 (31.3) 0.65 (0.63, 0.67) 0.65 (0.63, 0.68)
HG and HT 47 (24.9) 0.47 (0.34, 0.66) 0.46 (0.33, 0.65)

Physical inactivity, n (%)
No HG or HT 33,695 (20.7) Reference Reference
HG 498 (23.3) 1.16 (1.05–1.28) 1.17 (1.05–1.29)
HT 2821 (21.1) 1.03 (0.98–1.07) 1.03 (0.98–1.07)
HG and HT 45 (23.8) 1.20 (0.86–1.67) 1.19 (0.85–1.66)

Diabetes mellitus, n (%)
No HG or HT 870 (0.5) Reference Reference
HG 13 (0.6) 1.14 (0.66, 1.97) 1.12 (0.64, 1.95)
HT 182 (1.4) 2.57 (2.19, 3.02) 2.54 (2.16, 2.99)
HG and HT 4 (2.1) 4.02 (1.49, 10.84) 3.93 (1.46, 10.56)

Abbreviations: HG hyperemesis gravidarum, HT hypertensive disorders in
pregnancy, OR odds ratio.

a Adjusted for women’s age at first pregnancy and year of birth, parity,
education, ethnicity, pre-gestational hypertension and family-history of cor-
onary heart disease.
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3.4. Subgroup analyses

The proportion of daily smokers was significantly lower in women
who suffered from hyperemesis in more than one pregnancy compared
to the reference group. Other risk factors did not differ significantly
between women who had experienced hyperemesis in several preg-
nancies and the reference group. Women with hypertensive disorders in
more than one pregnancy had in general excessive CV risk compared to
the reference group (Table 3). In addition, women with hypertensive
disorders in more than one pregnancy had higher BMI (p < 0.01),
systolic (p < 0.01) and diastolic (p < 0.01) blood pressure, heart rate
(p < 0.01) and were more likely to report use of antihypertensive
medication (p < 0.01) and diabetes mellitus (p < 0.01) in midlife

compared to women with hypertensive disorders in only one preg-
nancy.

There was a significant interaction between hypertensive disorders
in pregnancy and daily smoking for BMI (p-value < 0.01), heart rate
(p-value < 0.01) and physical inactivity (p-value 0.03). There was no
significant interaction between hyperemesis and smoking for any of the
studied risk factors.

4. Discussion

4.1. Main findings

In this large population-based study women with hypertensive

Fig. 2. Cardiovascular risk factors at the age of 40–45: Plot of mean systolic blood pressure, diastolic blood pressure and cholesterol with standard deviations at the
age of 40–45 by groups reflecting years since last pregnancy.

Table 3
Analyses stratified on number of pregnancies with each pregnancy complication. Women without hyperemesis gravidarum or hypertensive disorders in pregnancy
were used as reference group (n= 162,554).

Cardiovascular risk factors Hyperemesis gravidarum
1 time
(n= 1,935)

Hyperemesis gravidarum
>= 2 times
(n= 205)

Hypertensive disorders in pregnancya 1
time
(n= 11,320)

Hypertensive disorders in pregnancya

>=2 times
(n=2,028)

β-coefficient β-coefficient
Body mass index (kg/m2) 0.32 (0.15, 0.49) 0.10 (−0.39, 0.58) 1.95 (1.87, 2.04) 3.48 (3.25, 3.72)
Systolic blood pressure (mmHg) −0.76 (−1.36,−0.17) −1.53 (−3.19, 0.14) 8.60 (8.29, 8.90) 14.45 (13.70, 15.19)
Diastolic blood pressure (mmHg) 0.22 (−0.21, 0.64) −0.62 (−1.85, 0.61) 5.38 (5.18, 5.58) 8.98 (8.50, 9.47)
Heart rate (bpm) −0.34 (−0.85, 0.17) 0.52 (−0.90, 1.94) 2.06 (1.81, 2.32) 3.25 (2.66, 3.84)
Serum total cholesterol (mmol/L) 0.00 (−0.04, 0.04) −0.01 (−0.14, 0.12) 0.12 (0.10, 0.14) 0.18 (0.14, 0.23)
Triglycerides (mmol/L) 0.02 (−0.02, 0.06) 0.01 (−0.10, 0.11) 0.15 (0.13, 0.17) 0.26 (0.22, 0.31)

Self-reported incidence of: Odds ratio Odds ratio

Daily smokers 0.65 (0.59, 0.72) 0.32 (0.22, 0.48) 0.69 (0.66, 0.72) 0.47 (0.42, 0.53)
Antihypertensive treatment 1.25 (0.87, 1.79) 0.44 (0.06, 3.17) 5.05 (4.62, 5.52) 9.92 (8.48, 11.60)
Physical inactivity 1.16 (1.04, 1.29) 1.20 (0.87, 1.67) 1.03 (0.98, 1.08) 1.02 (0.91, 1.13)
Diabetes mellitus 0.95 (0.51, 1.78) 2.84 (0.90, 8.92) 2.26 (1.88, 2.71) 4.28 (3.12, 5.85)

All analyses were adjusted for women’s age at first pregnancy and year of birth, parity, education, ethnicity, hypertension before pregnancy and family-history of
coronary heart disease.

a Included gestational hypertension, preeclampsia and eclampsia.
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disorders in pregnancy had increased levels of most CV risk factors at
the age of 40–45, but there was no consistent evidence of increased CV
risk among women who had suffered from hyperemesis. Women who
had experienced either hyperemesis or hypertension in pregnancy were
less likely to be smokers compared to women without such history.

4.2. Strengths and weaknesses

One strength of this study is the population-based design which
makes the results likely to be generalizable. The MBRN is a high quality
register with mandatory reporting. The Age 40 Program was a nation-
wide screening program and the linkage to the MBRN for information
on pregnancy complications makes the presence of recall bias unlikely.
A possible limitation in register-based research is incorrect registra-
tions. The registration of hyperemesis and hypertensive disorders in
pregnancy in the MBRN has been validated [25,31,32]. There is no
information on severity of hyperemesis and an assessment study found
a relatively large proportion of false positive cases that might influence
the associations in terms of reducing associations closer to null. Despite
this, the study concluded that hyperemesis-registration in the MBRN is
considered valid for use in large-scale epidemiological studies [25]. The
positive predictive value of the gestational hypertension or pre-
eclampsia diagnoses was high in previous validation studies, but the
studies indicated that the MBRN may not be good for distinguishing
between the different hypertensive disorders in pregnancy [31,32].
Based on this we have merged all hypertensive disorders in pregnancy
into one category, and may therefore have lost the opportunity to dif-
ferentiate between the different hypertensive disorders.

Given the fact that women included had to survive from their first
pregnancy until the age of the health examination, there could be some
bias present in the study (immortal person-time [33]). However, only a
small proportion of women die at this age in Norway and it is unlikely
that this had an impact on the studied associations. The Age 40 Program
obtained only non-fasting blood samples, but fasting may not be ne-
cessarily required for determination of lipid profiles used in screening
[34]. In line with other studies we found a larger proportion of women
with Asian origin among women with hyperemesis [9], but as a re-
flection of the total population in Norway at that time [35] as many as
94–96% of the women in the present study had Norwegian origin.
Hence, the results may not be generalizable to other more ethnically
diverse populations. Other studies have found hyperemesis to be asso-
ciated with both higher and lower socioeconomic status [15,20,36], but
educational level is often measured at the time of delivery, and hy-
peremetic women tend to be of younger age at index pregnancy. In the
present study, the highest obtained education was reported at a later
time when most women have finished their studies and may be more
representative. Both ethnicity and socioeconomic status are known to
be associated with CV risk [37], and these factors’ relations to hyper-
emesis are important to consider when potential consequences of hy-
peremesis are studied. In this study the analyses have been adjusted for
these factors.

Even though pregnancy complications were reported several years
before the health examination in the 40 s, we do not have information
on CV risk factors at a prepregnancy state and should be careful to make
inferences about causality. However, the present study showed that
women with hypertensive disorders in pregnancy had increased blood
pressure at the age of 40–45 regardless of time since last pregnancy,
indicating a higher risk both short time and long time after their hy-
pertensive pregnancy (Fig. 2).

There was no significant difference in incidence of self-reported
myocardial infarction or stroke between the groups, which may be
explained by the low number of events in a relatively young population.

4.3. Implications

American and European guidelines recommend CV screening of

women with previous hypertensive disorders in pregnancy [1,8], but
recommendations on when to start screening is lacking. The current
study indicates that at the age of 40 (on average 17–18 years after index
pregnancy) they were at increased risk. This is in line with previous
studies investigating blood pressure approximately a decade after hy-
pertensive pregnancies [38–43]. Despite not having longitudinal data,
the present study indicates that blood pressure in affected women was
increased already at 5 years postpartum (women aged 40–45). In the
present study, women with previous hyperemesis did not share the
same increased CV risk, indicating that they might not need the same
CV follow-up. Although hypertensive disorders in pregnancy and hy-
peremesis in our study do not seem to belong to the same spectrum of
diseases, we cannot rule out the possibility of placental involvement in
the etiology of severe/late-onset hyperemesis as proposed in previous
studies [20].

In this study we reported higher levels of most CV risk factors in
midlife among women with hypertensive disorders in pregnancy, ex-
cept physical inactivity and smoking. Smoking and physical inactivity
are two important modifiable CV risk factors, and the fact that women
with hypertensive disorders in pregnancy were less likely to smoke and
reported the same amount of physical activity as the reference group
reveals a more nuanced picture of their risk profile. High BMI and pre-
pregnancy diabetes mellitus are known risk factors for preeclampsia
[44] and we found these risk factors present also in midlife among
women with a history of hypertensive disorders in pregnancy. These
findings underscore the importance of follow-up in this group of
women.

In contrast, women with a history of hyperemesis had a higher level
of education, were less likely to smoke and had slightly lower systolic
blood pressure. The lower proportion of smokers is likely to contribute
to our previously published findings of lower long-term cancer mor-
tality after hyperemesis [45]. Moreover, hyperemesis was associated
with more inactivity and a slightly higher mean BMI, making the in-
terpretation even more complex. The reported differences were small
and probably of little clinical relevance. No significant interactions
between hyperemesis and smoking for any of the studied risk factors
were discovered. Residual confounding associated with lifestyle-factors
in the studied associations should be considered.

4.4. Future research

In conclusion, we found that women with hypertensive disorders in
pregnancy seemed to have an unfavorable CV risk profile in midlife,
whereas this was not found subsequent to hyperemesis. The proportion
of daily smokers was lower in women with previous hyperemesis as
well as women with a history of hypertensive disorders in pregnancy.
Future studies could explore if the severity of the studied pregnancy
complications has an impact on subsequent CV risk. In addition, sub-
sequent risk of CVD could be studied to investigate the impact of the
different CV risk factors.
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