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Abstract

Background: Women with previous hypertensive disorders of pregnancy (HDP) have increased risk of cardiovascular
disease (CVD). Overweight is a modifiable risk factor for both conditions. Anthropometric indices such as waist
circumference, hip circumference, waist-to-hip ratio, estimated total body fat, a body shape index, waist-to-hip-to-height
ratio, and index of central obesity improve estimation of cardiovascular death risk in the general population as compared
to body mass index (BMI).

Objectives: We aimed to assess whether alternative body mass composition indices associate more strongly with
postpartum blood lipid levels, as a proxy for CVD risk, than BMI. We also aimed to investigate whether associations
differ between women with previous normotensive or hypertensive index pregnancies.

Design: In this cross-sectional study, we examined 296 women | or 3years after an index pregnancy that was
normotensive (n=116) or complicated by a hypertensive pregnancy disorder, including preeclampsia (n=133) or
gestational hypertension (n=47).

Methods: Uni- and multivariable regression analyses, adjusted for age and smoking, were conducted to evaluate associations
between postpartum body mass composition indices and blood lipids. p <<0.05 was considered statistically significant.
Results: Median BMI and overweight rates were higher in women with previous HDP than in controls (23.9kg/m? versus
22.8kg/m? and 44.4% versus 30.2%, both p=0.03). No body mass composition indices in any pregnancy complication group
showed stronger associations with adverse lipid levels than BMI. However, women with previous HDP more often displayed
significant associations between adverse body mass composition indices and adverse lipid levels, compared with controls.
Conclusion: Alternative anthropometric measurements are not better suited to evaluate circulating lipids as proxy for
CVD risk after HDP, compared to BMI. We hence recommend using BMI in CVD risk assessment after HDP due to its
current widespread use and feasibility.

Plain language summary
Cardiovascular disease risk evaluation in women after hypertensive pregnancy disorders: A study of the
role of traditional and nontraditional body mass composition indices
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Why was the study done?

Women who have experienced hypertensive disorders of pregnancy have increased risk of developing cardiovascular
disease later in life. Overweight is a well-known risk factor for both cardiovascular disease and hypertensive disorders of
pregnancy. Body mass index (BMI) is the most common used tool to evaluate overweight, but other indices to evaluate
body mass composition may be better suited to evaluate cardiovascular death risk in the general population. Lipids
are among several modifiable risk factors for cardiovascular disease. We therefore aimed to investigate associations
between alternative body mass composition indices and risk of cardiovascular disease, using blood lipids as a marker
for cardiovascular disease, in women with previous hypertensive disorders of pregnancy and women with previous
uncomplicated pregnancies.

What did the researchers do?

We examined 296 women one or three years after pregnancy. Our study group included 180 women with previous
hypertensive pregnancy disorder and |16 women with previous uncomplicated pregnancies as controls. We analyzed
associations between different body mass composition indices and blood lipid levels, to evaluate the risk of cardiovascular
disease after pregnancy.

What did the researchers find?

Women with previous hypertensive pregnancy disorders were more often overweight, compared with women with
previous uncomplicated pregnancies, and showed in general higher BMIs. We found no differences between the different
body mass composition indices and their associations with blood lipids. Women with previous hypertensive pregnancy
disorders did however display more frequent associations between body mass composition indices and circulating lipids,
compared with the control group.

What do the findings mean?

Following hypertensive disorders of pregnancy, women more often have elevated BMI. Their BMI is comparable to
alternative body mass composition indices in association with circulating lipids. This supports using BMI in the assessment
of cardiovascular disease risk in this group at high risk of cardiovascular disease development.
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Key findings from this current study; Women with a previous hypertensive
pregnancy disorder show an unfavorable cardiovascular risk profile and stronger
associations between body mass composition indices and blood lipids. No body mass
composition index appeared superior in its association to blood lipids. BMI: body
mass index; WC: waist circumference; HC: hip circumference; WHR: waist-to-hip
ratio; WHHR: waist-to-hip-to-height ratio; ICO: index of central obesity; ABSI: a body
shape Index; eTBF: estimated total body fat; BP: blood pressure; LDL: low density
lipoprotein; HDL: high density lipoprotein; ApoAl: apolipoprotein A1l;
ApoB: apolipoprotein B.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death
worldwide.! Women with previous hypertensive disorders
of pregnancy (HDP) have a two- to eight-fold increased
CVD risk.2 Women with previous HDP show an excess risk
of hypertension within 10years after pregnancy.’ Important
risk factors for both CVD and HDP, in addition to age,
include obesity, dyslipidemia, physical inactivity, insulin
resistance, malnutrition, and psychosocial factors,*® many
of which are modifiable.°

Obesity is associated with an increased CVD risk,’” as
well as an increased risk of all-cause mortality.® Body mass
index (BMI) is a simple and commonly used tool to evaluate
underweight, overweight, and obesity.” Nevertheless, its
usefulness has been debated due to its age and sex depend-
ency.'” BMI neither distinguishes between lean body mass
and fat mass nor provides information about fat distribu-
tion.!! This is a limitation, as abdominal obesity is a stronger
risk factor for CVD than generalized obesity.>%?

Waist circumference (WC), hip circumference (HC),
and waist-to-hip ratio (WHR) are other traditionally used
body mass composition indices, improving CVD risk pre-
diction among middle-aged and older persons as compared
to BML!*"! Even normal-weight women with elevated
WC have increased CVD risk.'® Nontraditional adiposity
indices seem to associate more strongly with cardiovascu-
lar mortality than BMI in the general population.'” These
indices include estimated total body fat (¢TBF), a body
shape index (ABSI), and waist-to-height ratio, the latter
also named index of central obesity (ICO). Also, waist-to-
hip-to-height ratio (WHHR) is found to be a stronger pre-
dictor for cardiovascular mortality than BMIL.'® Although
most studies agree that BMI is inferior to other anthropo-
metric indices in CVD risk prediction,'>!#2! there is no
clear consensus regarding the optimal measure of abdomi-
nal obesity in predicting CVD risk.’

It is important to establish appropriate screening tools
for assessing CVD risk at a young age, where preventive
strategies likely are most efficient. We recently showed that
current CVD risk scores are unhelpful in stratifying CVD
risk in young women after pregnancy complications.??
Women are underrepresented in clinical CVD trials,” and
to our knowledge publications of associations between
body mass composition indices and modifiable CV risk
factors after HDP are lacking. We therefore aimed to inves-
tigate whether alternative body mass composition indices
associate more strongly with postpartum dyslipidemia, as a
proxy for cardiovascular risk, than traditional indices, 1- or

3-years postpartum. Additionally, we aimed to evaluate
whether associations differed between women with a previ-
ous HDP, compared with normotensive controls.

Methods

Study population

Participants in this cross-sectional HAPPY (health after
pregnancy complications) study (performed in 2013—
2019) were women =18 years who delivered a singleton
baby at Oslo University Hospital, Ullevél, Norway, 1 or
3years previously. All participants received written and
oral information, as previously described.?*?> The present
substudy included all women from the HAPPY study with
an index pregnancy complicated by HDP or an uncompli-
cated (normotensive and euglycemic) index pregnancy,
with body composition and circulating lipid data availa-
ble. General exclusion criteria included pregestational or
gestational diabetes, rheumatic or renal disease, ongoing
malignant disease, any chronic CVD (except for HDP),
and ongoing pregnancy or breastfeeding. For women who
participated both 1 and 3years postpartum, 3-year data
were analyzed. For women pregnant between 1- and
3-year examinations, 1-year data were analyzed. Thus, we
analyzed 1-year data from 205 women (69.3%) and 3-year
data from 91 women (30.7%) (Supplemental Figure S1
and Supplemental Table S1).

This manuscript is prepared following the STROBE
guidelines.?® For the scope of this paper, the term
“woman/women” is used to refer to a person’s sex relat-
ing to people who have been pregnant. Furthermore, the
term “woman” is intended to presume neither gender
identity nor expression.

Operational definitions

The HDP group encompassed index pregnancies compli-
cated by preeclampsia (PE), gestational hypertension
(GH), or chronic hypertension with superimposed PE. GH
was defined as new-onset hypertension (systolic blood
pressure (SBP) =140mmHg and/or diastolic BP (DBP)
=90 mmHg) without proteinuria or any evidence of hema-
tological or biochemical complications after gestational
week 20.”7 PE was defined as GH and at least one new-
onset PE-associated feature after gestational week 20 (e.g.,
new-onset proteinuria, elevated transaminases, small-for-
gestational-age (SGA) or stillbirth).?” Chronic hyperten-
sion with superimposed PE was defined as hypertension
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predating the pregnancy, or diagnosed before gestational
week 20, and at least one new-onset PE-associated feature
after gestational week 20. Women with eclampsia and/or
hemolysis, elevated liver enzymes and low platelets
(HELLP) or partial HELLP in their index pregnancy were
also classified as having PE. SGA was defined by new-
borns (without chromosomal abnormalities) with weight
below the third percentile, adjusted for fetal sex and gesta-
tional age at delivery.?®

The control group included women with normotensive
and ecuglycemic index pregnancies, delivering at term
(=gestational week 37°), without PE in any previous
pregnancy. Women who delivered SGA newborns were
excluded from the control group (Supplemental Figure
S1, Flowchart).

Clinical cardiovascular assessments and blood
sampling

In-patient hospital BP was measured according to clinical
routines with a validated device (Dinamap Pro, 100VE;
GE Medical Systems Information Technology, Inc.,
Milwaukee, WI, USA). At the 1- and 3-year follow-up
examinations, BP was measured in the right upper arm,
after 10 min rest in supine position, with the head slightly
elevated, with an identical BP device as prior to delivery. A
supine position was chosen to save time for the patient, as
BP measurement was followed by a clinical examination
that needed prior bed rest. BP was measured with three
consecutive measurements, and mean BP was calculated
based on the two last BPs.

Fasting (=6h) morning serum samples were collected
at the follow-up examination.?* Lipid and blood glucose
analyses of the HAPPY study are previously presented for
another HAPPY subgroup?* and included total cholesterol,
triglycerides, low-density lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) cholesterol, apolipopro-
tein A1l (ApoAl), apolipoprotein B (ApoB), glucose, and
HbA 1c. Serum glucose 2 h after oral glucose tolerance test
(OGTT) (75g glucose in 250-300mL water) was also
measured. Age- and sex-specific reference values are dis-
played in Supplemental Table S2. Dyslipidemia was
defined as total cholesterol, LDL cholesterol, triglycerides
and lipoprotein ApoB values above reference values, and
HDL cholesterol and lipoprotein A1 below reference val-
ues.?” Metabolic syndrome was defined according to the
NCEP ATP III definition.?® Participants also completed
questionnaires regarding previous pregnancies (before
index pregnancy), cardiovascular health, traditional CV
risk factors, general health, and socioeconomic factors.

Body mass composition indices

Anthropometric and clinical measurements at follow-up
examinations were conducted using standardized methods.

Weight and height were measured with the participant in
light clothing, without shoes. Women were classified at
follow-up as normal weight, overweight, or obese accord-
ing to the World Health Organization; BMI 18.5-24.9,
=25.0-29.9 or BMI =30.0kg/m?, respectively.’!

WC was measured at the end of a normal expiration, as
the horizontal circumference midway between the lowest
rib and the iliac crest, and HC measured horizontally at the
widest part of the hip. Both were conducted with a non-
stretchable band, to the nearest centimeters, with the study
participant standing with the arms hanging down.’

Supplemental Table S3 depicts all body composition
indices used in the present study. WHR was calculated as
WC divided by HC.? ICO was calculated as WC (cm)
divided by height (cm).'*? WHHR was calculated as
WC (m) divided by HC (m) divided by height (m).'8
e¢TBF was calculated by the sex-specific Young Man’s
Christian Association (YMCA) formula for females as:
100 X (=76.76 + [4.15 X WC  (in.)]— [0.082 X weight
(Ibs)])/weight),** and ABSI was calculated as: WC [m]/
(BMI?? X height!? [m]).>*

Statistical analyses

Statistical analyses were performed with the Statistical
Package for the Social Sciences (PASW Statistics 26 and 28)
and statistical software for data science (Stata Statistical
Software: Release 17. College Station, TX, STATACorp
LLC). Due to the secondary nature of this study, analyses
have been conducted for all patients with relevant data avail-
able. No sample size analyses have been performed. Results
are presented as medians (and range), as most continuous
variables were not normally distributed. The Mann—Whitney
Utest was used to test differences between groups. Categorical
variables are presented as rate (%), and differences between
groups tested by Fisher’s mid-p corrected test. Uni- and mul-
tivariable regression analyses, adjusted for classical cardio-
vascular risk factors, were conducted to evaluate associations
between adiposity indices and blood lipids. Unadjusted and
adjusted spline regression analyses were conducted for all
study groups to test linearity before conducting linear regres-
sion (exemplified for the total cohort in Supplemental Figures
S2A-S9F). Missing data were analyzed as missing for all
variables, and no imputations were made. A p-value <0.05
was considered statistically significant.

Results

We included 452 women in the HAPPY study, 1 or 3 years
postpartum (Supplemental Figure S1). Among these, we
selected women with a relevant index pregnancy diagnosis,
and available body mass composition and blood lipid data.
The remaining 296 women had a euglycemic index preg-
nancy complicated either by a hypertensive disorder (HDP:
n=180) or an uncomplicated normotensive pregnancy
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(n=116). The HDP group consisted of 133 women with
previous PE and 47 with previous GH.

Median age at follow-up was 35years in the total
cohort and was not significantly different between study
groups. Women with previous PE had significantly
higher BMI than controls (24.0 kg/m? versus 22.8 kg/m?,
p=0.03), as well as significantly higher overweight rate
(BMI =25kg/m?) (45.1% versus 30.2%, p=0.02).
Women with previous PE showed significantly higher
HC (102 cm vs 100 cm, p=0.04), and significantly lower
ABSI (0.072m'""® kg?? versus 0.074m'/® kg23,
p<<0.01), both compared with controls. Other body
mass composition indices were not significantly differ-
ent between study groups. In the total cohort, most
women were of white ethnicity (n=245; 82.8%) and had
higher education (>high school: #=207; 69.9%), and
few women (n=24; 8.1%) were smokers at postpartum
follow-up. There were no statistically significant differ-
ences between study groups concerning these parame-
ters, apart from significantly higher rate of white
ethnicity in the GH group, compared with controls
(93.6% versus 79.3%, respectively, p=0.03). Clinical
group characteristics at follow-up are shown in Table 1
and Supplemental Table S1.

Both median systolic and diastolic blood pressures
were significantly higher at follow-up for the previous PE
and GH groups than for controls (SBP; 114 and 119 mmHg,
respectively, versus 106 mmHg and DBP; 70 and 74 mmHg,
respectively, versus 63 mmHg, all p <0.01). Only 8 (2.7%)
women in the total cohort were hypertensive at follow-up
(SBP =140 and/or DBP =90 mmHg), all belonging to the
previous HDP group (5 women with previous PE and 3
with previous GH) (Table 1).

Detailed data from the index pregnancy are provided in
Supplemental Table S4. Briefly, women in the HDP group
had significantly higher prepregnancy BMI (23.4kg/m?
versus 22.4kg/m?, p=0.02), were significantly more often
primiparous (70.0% versus 37.9%, p <0.01), had signifi-
cantly lower gestational age at delivery (week 38.0 versus
39.3, p<0.01) and lower offspring birthweight (2844 ¢
versus 3543 g, p<0.01), all compared with controls.

Women in our cohort were generally metabolically
healthy, as indicated by the biomarker levels (Table 1).
No patients tested positive for diabetes on the OGTT,*
but two women in the previous PE group (1.5%) showed
impaired glucose tolerance. Also, blood lipids displayed
no significant differences between study groups. One or
more dyslipidemic values were present in 24 women
(8.1%) of the total cohort (Supplemental Table S5). No
woman showed abnormal values for all blood lipids, but
eight women showed more than one dyslipidemic value.
The previous PE group displayed highest dyslipidemia
rate (13 women; 9.8%), followed by the GH group (4
women; 8.5%). The dyslipidemia rate was higher in
women with previous HDP (n=17; 9.4%) than in the

control group (n=7; 6.0%), although not statistically sig-
nificant (p=0.29).

In the total study population, 17 women (5.7%) fulfilled
the metabolic syndrome criteria.’® Only 1 of these women
belonged to the control group, while 16 had HDP in their
index pregnancy (PE; n=13 or GH; n=3). The higher rate
of metabolic syndrome in the previous PE group (9.8%)
was statistically significant compared with controls
(»p<<0.01).

Spline regression analyses showed acceptable linear rela-
tionships between all body composition indices and lipid
values, in all study groups (exemplified in Supplemental
Figures S2A—S9F), supporting our use of linear regression
methods.

In the total cohort, univariable regression analyses
showed significant associations between most body com-
position indices and lipid values (Supplemental Table S6).
The conclusions remained mostly the same following mul-
tivariable regression analyses, adjusted for age and smok-
ing (Supplemental Table S7) and sensitivity analyses for
1- and 3-year data (data not shown).

In univariable regression analyses for the control group,
most body mass composition indices showed significant
associations with circulating lipid values (Supplemental
Table S8), but multivariable regression analyses showed
few significant associations (Table 2, beta values and con-
fidence intervals are displayed in Supplemental Table S9).
Multivariable analyses showed significant associations
between WC and all blood lipids, except from ApoAl.
BMI, ICO, and eTBF also showed significant associations
with most blood lipids, while WHR, WHHR, and ABSI
only showed significant associations with triglycerides.
HC showed significant associations with only LDL choles-
terol and triglycerides (R*=10.2, p=0.04 and R*=8.1,
p<0.01, respectively). No body mass composition index
showed significant associations with ApoAl. The pattern
of associations with lipid values varied between body mass
composition indices, but no body mass composition index
appeared more closely associated with any lipid category
values compared with others.

In the HDP group, most body mass composition indices
showed significant associations with blood lipids in uni-
variable regression analyses (Supplemental Table S10),
and conclusions were mostly the same following multi-
variable regression analyses (Supplemental Table S11).
No body mass composition index was more closely associ-
ated with blood lipids than other indices, but ABSI showed
fewest significant associations to blood lipids, only signifi-
cantly associated with LDL cholesterol (R*?=38.2, p=0.03),
total cholesterol (R*=38.8, p=0.03), triglycerides (R>=5.6,
p=0.01), and ApoB (R*=8.7, p=0.02).

In the HDP groups, we found positive associations
between body mass composition indices and LDL choles-
terol, total cholesterol, triglycerides, and ApoB, and nega-
tive associations between body mass composition indices
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Table 2. Associations between body mass composition indices and blood lipids for the control group at follow-up (n=116).
Significant associations (p <0.05) are marked with asterix (¥).
Control
BMI wcC HC WHR WHHR ICO ABSI eTBF
R (%) R? (%) R? (%) R? (%) R% (%) R% (%) R% (%) R% (%)
LDL 11.94* 13.70* 10.15% 9.42 7.84 12.02* 7.47 10.63*
HDL 6.54* 6.97* 3.82 4.34 3.87 7.12% 2.15 6.92%
Total cholesterol 9.18 10.50* 7.66 8.71 7.78 9.79 7.39 9.0l
Triglycerides 18.87* 26.26* 8.12% 13.93% 10.67* 22.71% 7.16* 16.42%
ApoAl 233 1.76 1.98 1.65 1.72 2.16 1.45 2.16
ApoB 8.59 10.52% 7.03 9.46 8.79 9.94% 8.02 10.63*

R? values for multivariable regression analyses. BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist-to-hip ratio;
WHHR: waist-to-hip-to-height ratio; ICO: index of central obesity; ABSI: a body shape index; eTBF: estimated total body fat; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; ApoAl: apolipoprotein Al; ApoB: apolipoprotein B.

Table 3. Associations between body mass composition indices and blood lipids for the PE group at follow-up (n=133). Significant

associations (p < 0.05) are marked with asterix (*).

PE

BMI WC HC WHR WHHR ICO ABSI eTBF

R (%) R (%) R (%) R? (%) R (%) R (%) R (%) R (%)
LDL 22.18* 22.54* 15.74%* 22.81* 21.01* 26.96* 13.83*% 24.79*
HDL 31.33* 25.40* 21.27* 16.89%* 15.27* 29.78* 7.23 20.80*
Total cholesterol 12.26* 13.67* 9.93 15.98* 14.39* 15.46* 13.10% 15.98*
Triglycerides 28.45% 34.50* 19.62* 25.84* 18.99* 36.59% 10.21% 30.70*
ApoAl 15.52% 11.97* 12.76* 9.56 9.55 13.52%* 9.69 10.54
ApoB 25.92% 26.16% 18.38* 23.59% 21.36% 31.04* 13.32% 27.34*

R? values for multivariable regression analyses. BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist-to-hip ratio;
WHHR: waist-to-hip-to-height ratio; ICO: index of central obesity; ABSI: a body shape index; eTBF: estimated total body fat; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; ApoAl: apolipoprotein Al; ApoB: apolipoprotein B; PE: preeclampsia.

and HDL cholesterol and ApoAl, similarly to the control
group. Univariable regression analyses are displayed in
Supplemental Tables S12 and S13, and beta values and
confidence intervals for multivariable regression analyses
are displayed in Supplemental Tables S14 and S15. For
both the previous HDP groups, the pattern of significant
associations between body mass composition indices and
blood lipids also remained mostly the same across uni- and
multivariable regression analyses. The previous PE group
displayed a higher number of significant associations
between body mass composition indices and blood lipids
than the previous GH group, in multivariable regression
analyses (Tables 3 and 4). For the previous PE group, only
BMI, WC, and ICO showed significant associations with
all blood lipids at postpartum follow-up. The remaining
body composition indices significantly associated with
most blood lipids, but the patterns of associations differed
between body composition indices (Table 3). In the GH
group, neither HC nor ABSI showed significant associa-
tions with blood lipids. For the remaining body mass

composition indices in the GH group, we found significant
associations with total cholesterol, LDL cholesterol, and
ApoB (Table 4).

Discussion

Publications exploring associations between a broad
spectrum of body mass composition indices and blood
lipids in young women with previous HDP are lacking. A
main result of our study is that no body mass composition
index appeared superior in association with postpartum
dyslipidemia in any of the study groups at 1- to 3-year
postpartum follow-up. The associations were heteroge-
nous (Tables 2—4 and Supplemental Tables S6-S15), but
importantly, all significant associations showed that a
more adverse body composition index was associated
with increasing dyslipidemia.

Our findings showed no difference between the differ-
ent body mass composition indices in their associations
with blood lipids at 1 or 3 years postpartum. Ofstad et al.
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Table 4. Associations between body mass composition indices and blood lipids for the GH group at follow-up (n=47). Significant

associations (p < 0.05) are marked with asterix (*).

GH
BMI wcC HC WHR WHHR IcCO ABS| eTBF
R? (%) R? (%) R? (%) R? (%) R? (%) R? (%) R? (%) R? (%)
LDL 14.88* 14.13% 6.77 11.83% 13.25% 18.27* .84 13.90%
HDL 12.17 12.84 11.96 13.02 13.94 13.70 14.05 14.23
Total cholesterol 18.78* 17.14% 11.02 14.05* 13.92+ 19.85* 491 15.09%
Triglycerides 9.34 8.58 9.87 5.89 5.56 9.38 5.52 8.1
ApoAl 9.33 9.34 9.36 9.33 9.42 9.34 9.34 9.33
ApoB 15.93* 16.67* 6.94 13.81% 18.54* 23.43* 3.30 20.45*

R? values for multivariable regression analyses. BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist-to-hip ratio;
WHHR: waist-to-hip-to-height ratio; ICO: index of central obesity; ABSI: a body shape index; eTBF: estimated total body fat; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; ApoAl: apolipoprotein Al; ApoB: apolipoprotein B; GH: gestational hypertension.

showed stronger associations between nontraditional
body composition indices and cardiovascular mortality,
as compared to BMI, in a general Norwegian population
(HUNT)." This discrepancy may partially be explained
by our young study cohort (median age 35), as CVD
death is uncommon at low age. Still, Ofstad et al. exam-
ined patients aged 19-79 (mean age 48.8 for women),
and associations were age-adjusted. Differences in study
findings may also be explained by blood lipids used as
surrogate marker for CVD, in contrast to cardiovascular
mortality in Ofstad et al.’s study.!”

Our study also showed a more unfavorable metabolic
profile (higher body weight, higher BMI and a higher rate
of overweight, metabolic syndrome, and hypertension) in
women with previous HDP than in controls. The dyslipi-
demia rate was also higher, although not statistically sig-
nificant. This unfavorable cardiovascular risk profile, with
several risk factor modification opportunities, is well in
line with women with previous HDP having an epidemio-
logically elevated risk for CVD.3 Also, the HDP group, in
particular the PE group, displayed a significant association
between an adverse body composition profile and adverse
blood lipid values more often than the control group. This
is also in line with more severe HDP forms being at higher
risk for CVD.?

Multiple studies favor other body mass composition
indices over BMI for assessing CVD risk in the general
nonpregnant population.'>?! In contrast, van Dis et al.
found equally strong associations between BMI and WC
with CVD risk in a large 10-year cohort study conducted in
a general Dutch population,3® while Huxley et al.’s review
article found conflicting results regarding which body mass
composition index is the superior, addressing that most
studies evaluating this are cross-sectional.’” Our study may
underpin this argument in women after pregnancy and
childbirth, and longitudinal studies are warranted.

Our study demonstrated more anthropometric measures
having significant associations with blood lipids in the

previous HDP group, in particular PE, compared with con-
trols. This may indicate a stronger association between
overweight and dyslipidemia as a proxy for CVD risk in
women after HDP. The previous PE group showed several
more significant associations than the GH group, probably
indicating a stronger relationship between overweight and
CVD risk for women with previous PE than for the control
or GH groups. The discrepancy between the PE and GH
groups may also be explained by the limited statistical
power of the GH group (PE; n=133 versus GH; n=47).
We did not subdivide the PE group according to disease
onset, as this is not always reliably recorded, but preterm
and early-onset PE (<37 and <34 gestational weeks,
respectively) are known to confer a higher CVD risk than
late-onset PE or GH.?3® We did not compare preterm and
term PE subgroups, due to limited power with the reduced
sample sizes. However, as indicated from Supplemental
Table S4, almost half of the women in the PE group deliv-
ered prematurely (median gestational age at delivery was
261 days), suggesting that inclusion of many women with
previous early-onset PE may partially explain the stronger
relationship between adverse body composition indices
and dyslipidemia found in our study.

Despite most women in our cohort being lean (median
BMI 23.5kg/m?), and most having a normal BMI (61.1%),
other body mass composition indices than BMI could pos-
sibly discover specific forms of adverse body mass distri-
bution. Central obesity may be more important than BMI.
This is supported by Coutinho et al., showing that patients
with coronary artery disease, normal BMI and central obe-
sity have the highest mortality risk, compared with similar
patients with other adiposity patterns.**** Our study groups
all had a median WC above reference range (<80 cm),’ but
no study group differed significantly from controls (Table
1). Our study did not find stronger associations between
indices for central obesity and circulating lipids, compared
with associations between BMI and circulating lipids. The
differing conclusions for central obesity markers from
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other populations*° are probably explained by different

study endpoints (harder CV endpoints versus lipid surro-
gate for CVD risk) and younger, healthier study partici-
pants (median age 66 years versus 35 years in our study).

Notably, we found fewer significant associations
between body mass indices and blood lipids in women
with previous uncomplicated pregnancies than in previous
pregnancies complicated by HDP. Results remained the
same following sensitivity analyses for 1 and 3 years sepa-
rately (data not shown). Elevated BMI worsens CVD risk
factors, including adverse effects on blood pressure, blood
sugar, and circulating lipids.' It is therefore possible that
overweight and obesity also worsen the adverse effects of
HDP on CVD risk. To our knowledge, the mechanisms for
this increased vulnerability are unknown. This emphasizes
the importance of overweight awareness for young women,
and the need for postpartum follow-up, due to HDP being
an independent CVD risk factor in addition to overweight
and obesity.’

We found higher rates of hypertension, metabolic syn-
drome, and obesity in the previous HDP group, in line with
the previously acknowledged overall increased CVD risk
in women after HDP.3%#1" The dyslipidemia rates did not
differ significantly between the groups. Targeted identifi-
cation of women with modifiable risk factors for long-term
CVD is important. An unfavorable cardiovascular profile,
as demonstrated in our and other studies after HDP, is an
important argument for assessing long-term CVD risk,
especially within the first decade after HDP. Early detec-
tion of CVD risk factors, such as following a HDP or GDM
pregnancy,>*'* enables opportunities for early personal-
ized interventions, including lifestyle changes and lower-
ing blood pressure.

Strengths and limitations

Our study is strengthened by clinically comprehensive and
validated pregnancy complication definitions and exclu-
sion of women with chronic diseases that could elevate
CVD risk, such as chronic hypertension and diabetes.
Breastfeeding is known to impact metabolic profile and
reduce CVD risk,* and study participants who breastfed
around the time of examination were therefore excluded.
Delivering an SGA newborn increases CVD risk indepen-
dently of other risk factors,*® and women who delivered
SGA newborns were therefore excluded from the control
group. Our study does have some limitations. The cross-
sectional nature of this study and the use of surrogate mark-
ers (lipids) for hard endpoints (CVD) may be considered as
weaknesses. However, hyperlipidemia is strongly associ-
ated with CVD,*” and we therefore argue that they remain a
valid proxy for the risk of hard clinical endpoints. To assess
the associations between body mass composition indices
and circulating lipids, multiple analyses have been per-
formed. We have not performed corrections for multiple

testing due to the increased risk of type I error. As the pre-
sent paper includes secondary analyses of our observational
study outcome data, we did not conduct sample size analy-
ses. Analyses have been conducted for all patients with rel-
evant data available.

Women in our study were mostly of white ethnicity, well-
educated, and living in a high-income country. The results
are therefore not necessarily generalizable. Epidemiological
studies have however shown similar increases in CVD risk
after HDP in the Norwegian population as compared to stud-
ies in other populations.3®*¥ The low median age of the study
cohort also implies a lower CVD risk, compared with the
general population. We consider this a clinical advantage, as
early CVD risk identification is essential for targeted inter-
vention at an early preclinical disease state with prevention
or postponement of CVD and death hopefully.

Our study showed small or nonexisting differences in
associations between body composition indices and dys-
lipidemia. Therefore, implementing a general follow-up
after HDP, targeting known CVD risk factors, including
lifestyle and overweight assessment, should be a main
focus regardless of the choice of body mass composition
index. This is important because modifiable CVD risk fac-
tors are affected by lifestyle interventions, and women
with normal weight may also benefit from this informa-
tion.* In our postpartum cohort median, BMI was in the
upper area of reference values (23.5kg/m?) and 38.9%
were overweight or obese. A hypertension rate of 2.7%,
prehypertension rate of 10.1%, and a metabolic syndrome
rate of 5.7% suggest that lifestyle improvements could
confer health improvements and CVD risk reduction, for
many women in our assumed clinically healthy cohort.
Women with previous PE are more vulnerable for increased
circulating lipids and CVD risk with increasing body mass.
Whether weight reduction, without other lifestyle changes
such as increased physical activity, benefits their meta-
bolic profile remains to be investigated.

American and European guidelines recommend follow-
up to evaluate CVD risk after HDP,?’#°! but risk evalua-
tion tools have been found inadequate for this young
population.’> Women with previous HDP have an elevated
risk for developing CVD,? and early awareness and pre-
venting measures are important, even if validated follow-
up programs are currently lacking.

Conclusion

None of the alternative body mass composition indices
investigated in our study showed stronger associations
with blood lipids than with BMI, at 1- or 3-year postpar-
tum follow-up, supporting the common clinical use of
BMI in CVD risk assessment in overweight and obese
young women. Women with previous PE showed several
more significant associations between body mass compo-
sition indices and dyslipidemia than the control and GH
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groups, but no body mass composition variable appeared
superior to others. This may indicate that adiposity in gen-
eral confers a higher CVD risk in women with previous
HDP, especially after PE, than for women with previous
uncomplicated pregnancies. Our study supports that all
women should be offered postpartum cardiovascular
follow-up after HDP. Follow-up should include risk assess-
ment, including regular blood pressure and lipid measure-
ments, together with CVD-reducing lifestyle information.
According to our study findings, overweight and obesity
evaluation is important for women after HDP, especially
PE, to evaluate CVD risk.
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