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Hypertension in Pregnancy Among 
Immigrant and Swedish Women: A Cohort 
Study of All Pregnant Women in Sweden
Per Wändell , MD, PhD; Casey Crump , MD, PhD; Xinjun Li , PhD; Nouha Saleh Stattin , RN, MPH, PhD; 
Axel C. Carlsson , PhD; Jan Sundquist , MD, PhD; Kristina Sundquist , MD, PhD

BACKGROUND: Little is known about risks of hypertensive disorders of pregnancy in both first- and second-generation im-
migrant women in Europe and other Western countries; such knowledge may help elucidate the influence of genetic versus 
social factors on such risks. We aimed to study both first- and second-generation immigrant women for the presence of all 
types of hypertension (preexisting hypertension, gestational hypertension, preeclampsia, and eclampsia) during pregnancy.

METHODS AND RESULTS: A cohort study was conducted using data derived from the Swedish National Birth Register, the 
National Patient Register, and the Total Population Register. We used Cox regression analysis to compute hazard ratios (HRs) 
and 99% CIs while adjusting for sociodemographic factors and comorbidities. The first-generation study included a total of 
1 084 212 deliveries and 68 311 hypertension cases, and the second-generation study included 989 986 deliveries and 67 505 
hypertension cases. The fully adjusted HR (with 99% CI) for hypertension in pregnancy among first-generation immigrant 
women was 0.69 (0.66–0.72), and among second-generation immigrant women, it was 0.88 (0.86–0.91), compared with 
Swedish-born women with 2 Swedish-born parents. Women born in Finland or with parent(s) from Finland had higher risks, 
with fully adjusted HRs (99% CIs) of 1.30 (1.18–1.43) and 1.12 (1.07–1.17), respectively.

CONCLUSIONS: Both first- and second-generation immigrant women had overall lower risks of hypertension in pregnancy com-
pared with other Swedish women. However, the risk reduction was less pronounced in second-generation compared with 
first-generation immigrant women, suggesting that environmental factors in Sweden may have an important influence on risk 
of hypertension during pregnancy.
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Hypertension or elevated blood pressure is con-
sidered to be the most important risk factor for 
developing cardiovascular diseases and chronic 

kidney disease.1 In 2015, the age-adjusted global prev-
alence of elevated blood pressure (defined as systolic  
≥140 mm Hg, diastolic ≥90 mm Hg, or both) was esti-
mated at 20% among women and 24% among men.1 
The highest prevalence rates globally are currently found 
in Central and Eastern Europe, sub-Saharan Africa, and 
South Asia, with age-standardized prevalence rates 

exceeding 35% in men in some countries in Central and 
Eastern Europe (Croatia, Latvia, Lithuania, Hungary, 
and Slovenia), and prevalence rates exceeding 33% 
among women in a few countries in West Africa.1

Hypertension during pregnancy is 1 of the leading 
contributors to maternal morbidity and mortality.2,3 
Hypertensive disorders of pregnancy (HDP) are often 
classified into the following: preeclampsia/eclampsia, 
preeclampsia superimposed on chronic hypertension, 
gestational hypertension, and chronic hypertension.4 
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Hypertensive disorders are the most common cardio-
vascular disorders during pregnancy, according to a 
US study, and cardiovascular disorders during preg-
nancy are associated with a higher all-cause mor-
tality in hospital care.5 Recent Swedish studies have 
reported associations between adverse pregnancy 
outcomes, including gestational hypertension, and 
subsequent diagnosis of ischemic heart disease,6 or 
image-identified coronary artery disease7; this clearly 
suggests that women with HDP should be targeted for 
cardiovascular prevention.

At-risk populations may include those having risk 
factors for HDP, such as high blood pressure be-
fore pregnancy, diabetes, obesity, and being aged 
<20 years or >40 years.8 At-risk populations may also 
include immigrant women; the number of immigrants 
globally was estimated to be 230 million in 2013, or 3% 
of the global population, with almost half of them being 
women.9 Previous studies of HDP in immigrant women 
globally have yielded discrepant results. Some,9 but 
not all,10–12 studies have reported overall lower rates of 
HDP among immigrant women, with substantial global 
ethnic and racial differences.3 In Europe, the overall 
risk of HDP among immigrant women in Norway was 
lower than in the domestic population,13 and the same 
was true in Finland, except the risk of preeclampsia 
was higher among women of sub-Saharan origin.14 In 
6 industrialized countries (Australia, Canada, Denmark, 
Sweden, Spain, and the United States), the risk of pre-
eclampsia and eclampsia was found to be higher in 
women from sub-Saharan Africa, Latin America, and 
the Caribbean region than in the domestic population.10 
However, other studies from Norway and Sweden re-
ported lower risks of preeclampsia among immigrant 
women.11,12 In addition, the Swedish study found a 

higher risk of preeclampsia associated with low socio-
economic status,11 which is more common in both first- 
and second-generation immigrants. Elucidating risks 
in second-generation immigrants may help to clarify 
the influence of environmental factors on the risks of 
HDP. Studies on maternal health among immigrants 
are important because, despite having free maternal 
health care in Sweden, certain immigrant women may 
use these services to a lesser extent than native-born 
Swedish women.15 This may partly be related to lower 
education level among immigrants15; education and 
other socioeconomic factors are thus important to 
consider in studies on immigrant health.

The aim of this study was to examine the risk of 
all HDP among first- and second-generation immi-
grant women compared with Swedish-born women 
with 2 Swedish-born parents. On the basis of previous 
studies, we hypothesized that women from most non-
European regions, particularly from Asia, Africa, and 
Latin America, may have a lower risk of all hypertensive 
disorders.

METHODS
Because of the sensitive nature of the data collected for 
this study, requests to access the data set from quali-
fied researchers trained in human subject confidentiality 
protocols may be requested from the National Board 
of Health and Welfare and Statistics Sweden at reg-
isterservice@socialstyrelsen.se and scb@scb.se. We 
used data derived from several national Swedish reg-
isters (ie, the Swedish National Patient Register, the 
Swedish Total Population Register, and the Medical 
Birth Register).16 The National Patient Register includes 
diagnoses from all Swedish hospitals for inpatients 
since 1987 and for outpatients from 2001 and onwards. 
The Total Population Register includes data on coun-
try of origin and other sociodemographic factors for all 
Swedish people with a residence permit. The Swedish 
national registers are known to be of high quality,17,18 and 
the unique Swedish personal identity number, which is 
issued on birth or permanent immigration to Sweden, 
allows linkage of different registers,19 while preserv-
ing confidentiality (secured through the use of pseu-
donymized serial numbers). Numbers of cases in the 
sources used within this study are found in Table S1.

Study Population
We included the first recorded pregnancy among all 
women with a live birth between 1998 and 2018. In 
the first-generation study, immigrant women were de-
fined as being born outside Sweden. In the second-
generation study, immigrant women were defined as 
having at least 1 parent born outside Sweden. The 
reference group for first- and second-generation 
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women was the same (ie, Swedish-born women with 2 
Swedish-born parents).

Outcomes
The study outcome was a hypertension diagnosis dur-
ing pregnancy based on International Classification of 
Diseases, Tenth Revision (ICD-10), codes (Table  S2): 
edema, proteinuria and HDP, childbirth, and the puer-
perium, with the following subgroups: preexisting hy-
pertension complicating pregnancy, childbirth, and the 
puerperium; preeclampsia superimposed on chronic 
hypertension; gestational (pregnancy-induced) hyper-
tension; preeclampsia; eclampsia; and unspecified 
maternal hypertension. We also subcategorized this 
outcome into 3 main groups: (1) preexisting hyperten-
sion in pregnancy; (2) gestational hypertension; and (3) 
preeclampsia and eclampsia. Only the first registered 
outcome diagnosis during the study period was con-
sidered. The numbers in the group unspecified ma-
ternal hypertension were too low, and none reached 
statistical significance.

Comorbidities
The following comorbid diagnoses were included as 
adjustment variables (for ICD-10 codes, see Table S2): 
cancers, diabetes, diabetes in pregnancy, renal failure, 
and systemic connective tissue disorders (autoim-
mune disorders).

Demographic and Socioeconomic 
Variables
Age at delivery was modeled as a continuous variable. 
Educational attainment was categorized as ≤9 years (par-
tial or complete compulsory schooling), 10 to 12 years 
(partial or complete secondary schooling), and >12 years 
(attendance at college or university). Marital status was 
categorized as married or not married. Geographic re-
gion of residence was included to adjust for possible 
regional differences in health care and was categorized 
as follows: (1) large cities (population >200 000, which 
includes Stockholm, Gothenburg, and Malmö, each lo-
cated in Southern Sweden); (2) elsewhere in Southern 
Sweden (ie, nonurban); and (3) Northern Sweden. Parity 
was categorized into 4 groups (ie, 1, 2, 3, and ≥4 children).

Body mass index levels were categorized as fol-
lows: unknown, <18.5, 18.5 to 24.9, 25.0 to 29.9, and 
≥30.0 kg/m2.

The included covariates (ie, comorbidities and the 
demographic and socioeconomic variables) were se-
lected on the basis of previous research.8

Neighborhood Deprivation Index
We used a neighborhood deprivation index,20 which 
was derived from Small Area Market Statistics. 

The average population in each Small Area Market 
Statistics neighborhood is ≈2000 people for Stockholm 
and 1000 people for the rest of Sweden. A summary 
index was calculated to characterize neighborhood-
level deprivation that was categorized into 4 groups: 
>1 SD below the mean (low deprivation level or high 
socioeconomic status [SES]), within 1 SD of the mean 
(moderate deprivation level or moderate SES; used as 
the reference group), >1 SD above the mean (high dep-
rivation level or low SES), or unknown neighborhood 
deprivation level/SES.21

Regions of the world were categorized by continent, 
European subregion, and specific countries that had 
sufficient numbers for analysis. Analyses of subtypes 
of hypertension during pregnancy included only re-
gions or subregions of Europe because other groups 
had too few cases to conduct meaningful analyses.

Statistical Analysis
Baseline data are shown with categorical variables 
both as counts and percentages. Cox regression anal-
ysis was used to estimate relative rates of HDP, and 
the results were expressed as hazard ratios (HRs) and 
99% CIs for total hypertension risk during the preg-
nancy, both overall and in different groups of first- and 
second-generation immigrant women, compared with 
Swedish-born women with 2 Swedish-born parents 
during the follow-up period. We tested the propor-
tional hazard assumptions by plotting the incidence 
rates over time and by calculating Schoenfeld (partial) 
residuals, and these assumptions were fulfilled. Only 
2.49% of the first-generation and 4.44% of the second-
generation study population were lost to follow-up be-
cause of emigration, and they were censored in the 
follow-up analysis.

Three models were used: model 1 with adjustment 
for age and region of residence in Sweden; model 2 
with adjustment for age, region of residence, educa-
tional level, marital status, parity, body mass index 
level, and neighborhood SES; and model 3 as model 
2 but with the inclusion of relevant comorbidities (all 
cancers, prevalent diabetes, gestational diabetes, 
renal failure, and autoimmune disorders). Furthermore, 
we conducted subanalyses that stratified hypertension 
into 4 groups that were mutually exclusive (ie, preex-
isting hypertension, gestational hypertension, pre-
eclampsia and eclampsia, and, finally, all other forms 
of hypertension). The HRs were calculated for the sub-
groups of hypertension in the same way as for hyper-
tension overall. We performed a sensitivity analysis for 
nulliparous women, who were defined as a subgroup 
of the study population (ie, women with no previous 
live birth). We also performed a sensitivity analysis in 
which the main analyses were repeated using a robust 
variance estimator to account for small numbers of 
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events in certain country groups. We also performed 
an interaction test to evaluate whether the association 
between immigrant status and hypertension risk varied 
according to region of Sweden or neighborhood SES.

Compliance With Ethical Standards
Ethical Approval

All procedures performed in studies involving human 
participants were in accordance with the ethical stand-
ards of the institutional and national research commit-
tee and with the 1964 Declaration of Helsinki and its 
later amendments or comparable ethical standards. 
Informed consent was not applicable, as the study 
was based on pseudonymized data from registers. 
Research data are not shared. The study was ap-
proved by the Regional Ethical Review Board in Lund 
(reference number 2008/471 and later amendments).

RESULTS
Descriptive Statistics
In total, 818 776 women who were Swedish born with 2 
Swedish-born parents were included, with 57 260 hy-
pertension cases (Table 1). A total of 265 346 women 
were foreign born, with 11 112 hypertension cases 
(Table S3), and 171 210 second-generation immigrant 
women with at least 1 foreign-born parent were in-
cluded, with 10 245 hypertension cases (Table S3).

First-Generation Immigrant Women
Among first-generation immigrant women compared 
with Swedish-born women with 2 Swedish-born par-
ents, the fully adjusted HR (with 99% CI) for any hy-
pertension in pregnancy was 0.69 (0.66–0.72; Table 2). 
Stratified by country or region, most groups showed 
a lower risk among first-generation immigrant women, 
but those from Finland had a higher risk, with a fully 
adjusted HR (99% CI) of 1.30 (1.18–1.43).

In analyses of different types of hypertension, 
foreign-born women had a lower relative rate of pre-
existing hypertension (adjusted HR, 0.64 [99% CI, 
0.55–0.75]), gestational hypertension (adjusted HR, 
0.57 [99% CI, 0.53–0.63]), and preeclampsia/eclamp-
sia (adjusted HR, 0.75 [99% CI, 0.71–0.79]) (Table 3). 
However, women born in other Nordic countries had 
higher risks of these outcomes, with corresponding 
HRs of 1.13 (99% CI, 1.05–1.69), 1.33 (99% CI, 1.05–
1.69), and 1.20 (99% CI, 1.04–1.38), respectively (fully 
adjusted model in Table 3, crude model in Table S4).

Second-Generation Immigrant Women
Among second-generation immigrant women, the fully 
adjusted HR for any hypertension during pregnancy 

was 0.88 (99% CI, 0.86–0.89; Table  4). Stratified by 
country or region, most groups had lower risks com-
pared with Swedish-born women with 2 Swedish-born 
parents, as in the first-generation study; however, 
women with at least 1 parent from Finland had a higher 
overall risk (fully adjusted HR, 1.12 [99% CI, 1.07–1.17]).

In analyses of different types of hypertension, 
second-generation immigrant women had, in gen-
eral, a lower relative rate of gestational hypertension 
(fully adjusted HR, 0.87 [99% CI, 0.82–0.92]) and pre-
eclampsia/eclampsia (fully adjusted HR, 0.87 [99% 
CI, 0.83–0.90]) (Table  5; crude model in Table  S5). 
However, women with at least 1 parent from Nordic 
countries had higher risks for preexisting hypertension, 
gestational hypertension, and preeclampsia/eclamp-
sia (Table 5).

Background Factors in Relation to 
Hypertensive Disorders
In secondary analyses, we analyzed background factors 
in relation to HDP (Tables S6 and S7). Among Swedish-
born women with 2 Swedish-born parents and among 
second-generation immigrants, the highest educational 
level was associated with lower risks of hypertension 
(Table S7). For region in Sweden, both Southern and 
Northern Sweden were associated with a higher risk 
in all the studied groups compared with the 3 largest 
cities in Sweden (Stockholm, Gothenburg, and Malmö), 
except for foreign-born women living in Southern 
Sweden (Table S6). In regard to neighborhood depriva-
tion, Swedish-born women with 2 Swedish-born par-
ents living in middle- and high-deprivation areas had 
higher hypertension risk. However, first- and second-
generation immigrant women living in high-deprivation 
areas had a lower risk (Tables S6 and S7). All groups 
with hypertension during pregnancy also had a higher 
risk of having prevalent diabetes and gestational dia-
betes. Higher parity was associated with a higher risk 
of hypertension during pregnancy, as were body mass 
index levels of ≥25.0 kg/m2, whereas a body mass 
index level of <18.5 kg/m2 was associated with a lower 
risk. Renal failure was also associated with a higher risk 
of hypertension during pregnancy, whereas autoim-
mune disorders were associated with higher risks only 
in Swedish-born women with 2 Swedish-born parents 
(Tables S6 and S7).

Sensitivity Analyses
We also performed subanalyses of first- and second-
generation women in the years 2002 to 2018 (Table S8), 
which yielded similar results as the main analyses for 
the entire cohort. The sensitivity analysis of nulliparous 
women yielded HRs that were similar to those from 
the main analyses but no longer statistically signifi-
cant, attributable in part to smaller numbers of women 
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(Table  S9). A sensitivity analysis that used a robust 
variance estimator yielded similar risk estimates as the 
main analyses, and the conclusions were unchanged. 
An interaction test showed that the association 

between first-generation (but not second-generation) 
women and lower hypertension risk was more pro-
nounced among those living in the south of Sweden or 
in low-SES neighborhoods (data not shown).

Table 1.  Characteristics of 3 Study Groups: Native Swedes (Swedish-Born With 2 Swedish-Born Parents), First-Generation 
Immigrant Women (Foreign-Born), and Second-Generation Women (Swedish-Born With 1 or 2 Foreign-Born Parents)

Characteristic

Native Swedes
First-generation 
immigrant women

Second-generation 
immigrant women

No. % No. % No. %

Total population 818 776 … 265 436 … 171 210 …

Age, y

<20 8133 1.0 2975 1.1 3399 2.0

20–29 364 745 44.5 115 969 43.7 83 601 48.8

30–39 413 904 50.6 131 814 49.7 77 842 45.5

≥40 31 994 3.9 14 678 5.5 6368 3.7

Educational level, y

≤9 170 106 20.8 208 495 78.5 53 363 31.2

10–12 404 911 49.5 29 986 11.3 74 226 43.4

>12 243 759 29.8 26 955 10.2 43 621 25.5

Region of residence

Large cities 380 550 46.5 62 610 23.6 97 030 56.7

Southern Sweden 288 322 35.2 28 570 10.8 47 739 27.9

Northern Sweden 149 904 18.3 174 256 65.6 26 441 15.4

Marital status

Married 89 527 10.9 203 194 76.6 28 337 16.6

Not married 729 249 89.1 62 242 23.4 142 873 83.4

Neighborhood deprivation index

Low 203 040 24.8 13 512 5.1 31 237 18.2

Middle 506 383 61.8 39 957 15.1 80 687 47.1

High 108 311 13.2 46 104 17.4 50 360 29.4

Unknown 1042 0.1 165 863 62.5 8926 5.2

Parity

1 304 443 37.2 129 390 48.7 66 909 39.1

2 383 279 46.8 92 642 34.9 73 797 43.1

3 108 444 13.2 31 328 11.8 23 660 13.8

≥4 22 610 2.8 12 076 4.5 6844 4.0

Body mass index, kg/m2

Unknown 82 569 10.1 27 095 10.2 16 658 9.7

<18.5 15 421 1.9 9232 3.5 4204 2.5

18.5–24.9 461 307 56.3 139 245 52.5 93 534 54.6

25.0–29.9 178 884 21.8 62 667 23.6 38 424 22.4

≥30 80 595 9.8 27 197 10.2 18 390 10.7

Diagnosis of cancer 31 516 3.8 5780 2.2 5315 3.1

Diagnosis of diabetes 10 275 1.3 3830 1.4 2046 1.2

Diagnosis of gestational 
diabetes

14 218 1.7 8998 3.4 3720 2.2

Diagnosis of renal failure 22 276 2.7 7102 2.7 5602 3.3

Diagnosis of autoimmune 
disorders

7019 0.9 2111 0.8 1551 0.9
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Table 2.  HRs and 99% CIs for HDP Among First-Generation Immigrant Women

Country or region of origin Cases

Model 1 Model 2 Model 3

HR 99% CI HR 99% CI HR 99% CI

Sweden 57 260 1.00 … 1.00 … 1.00 …

All foreign-born 11 051 0.62* 0.60* 0.63* 0.71* 0.68* 0.74* 0.69* 0.66* 0.73*

Nordic countries 1499 1.05 0.97 1.13 1.14* 1.05* 1.23* 1.15* 1.07* 1.25*

Denmark 244 0.86 0.72 1.03 0.97 0.81 1.17 0.97 0.80 1.16

Finland 923 1.21* 1.10* 1.33* 1.28* 1.16* 1.41* 1.30* 1.18* 1.43*

Iceland 67 0.95 0.67 1.35 1.09 0.77 1.55 1.17 0.83 1.66

Norway 265 0.84 0.70 1.00 0.92 0.77 1.09 0.93 0.78 1.11

Southern Europe 185 0.52* 0.42* 0.64* 0.61* 0.49* 0.75* 0.65* 0.52* 0.80*

France 38 0.44* 0.28* 0.70* 0.52* 0.33* 0.83* 0.58* 0.37* 0.92*

Greece 35 0.45* 0.28* 0.74* 0.53* 0.32* 0.85* 0.56* 0.34* 0.91*

Italy 34 0.55* 0.34* 0.90* 0.65 0.40 1.06 0.71 0.43 1.16

Spain 40 0.53* 0.34* 0.83* 0.63* 0.40* 0.99* 0.69 0.44 1.08

Other Southern European 
countries

38 0.69 0.43 1.09 0.77 0.48 1.22 0.73 0.46 1.16

Western Europe 338 0.67* 0.57* 0.78* 0.79* 0.67* 0.93* 0.84* 0.72* 0.99*

Netherlands 53 0.76 0.51 1.13 0.92 0.62 1.36 0.97 0.66 1.44

United Kingdom and Ireland 15 0.93 0.44 1.93 1.11 0.53 2.32 1.17 0.56 2.44

Germany 228 0.67* 0.55* 0.80* 0.78* 0.64* 0.95* 0.83 0.68 1.00

Austria 19 0.62 0.32 1.20 0.72 0.37 1.38 0.78 0.41 1.51

Other Western European countries 23 0.51 0.28 0.92 0.60 0.33 1.08 0.65 0.36 1.18

Eastern Europe 1285 0.53* 0.49* 0.58* 0.57* 0.52* 0.62* 0.59* 0.54* 0.64*

Bosnia 476 0.59* 0.52* 0.68* 0.61* 0.53* 0.69* 0.66* 0.58* 0.76*

Yugoslavia 459 0.58* 0.50* 0.66* 0.58* 0.51* 0.67* 0.56* 0.49* 0.64*

Croatia 45 0.57* 0.37* 0.87* 0.63* 0.41* 0.96* 0.70 0.46 1.07

Romania 122 0.42* 0.33* 0.55* 0.49* 0.38* 0.63* 0.52* 0.40* 0.68*

Bulgaria 32 0.37* 0.22* 0.61* 0.43* 0.26* 0.71* 0.48* 0.29* 0.79*

Other Eastern European countries 151 0.42* 0.33* 0.53* 0.52* 0.41* 0.65* 0.53* 0.42* 0.67*

Baltic countries 189 0.62* 0.50* 0.76* 0.76* 0.62* 0.94* 0.86 0.70 1.07

Estonia 67 0.70 0.50 0.99 0.85 0.60 1.21 0.92 0.65 1.31

Latvia 122 0.58* 0.45* 0.75* 0.72* 0.55* 0.93* 0.83 0.64 1.08

Central Europe 728 0.73* 0.65* 0.81* 0.84* 0.75* 0.94* 0.93 0.83 1.04

Poland 646 0.75* 0.67* 0.84* 0.87* 0.77* 0.98* 0.97 0.86 1.09

Other Central European countries 11 0.40* 0.17* 0.95* 0.41* 0.17* 0.97* 0.45 0.19 1.07

Hungary 71 0.63* 0.45* 0.89* 0.71* 0.51* 1.00* 0.77 0.55 1.08

Africa 1571 0.75* 0.70* 0.81* 0.87* 0.80* 0.95* 0.69* 0.63* 0.75*

North America 133 0.67* 0.52* 0.86* 0.79 0.61 1.01 0.78 0.61 1.01

Latin America 690 0.81* 0.72* 0.90* 0.86* 0.77* 0.96* 0.82* 0.73* 0.91*

Chile 368 1.03 0.89 1.19 1.02 0.88 1.19 0.88 0.76 1.03

Other South American countries 322 0.65* 0.55* 0.76* 0.72* 0.61* 0.85* 0.75* 0.64* 0.88*

Asia 4076 0.50* 0.47* 0.52* 0.57* 0.53* 0.60* 0.54* 0.51* 0.58*

Turkey 405 0.58* 0.50* 0.67* 0.62* 0.54* 0.72* 0.58* 0.50* 0.67*

Lebanon 222 0.47* 0.39* 0.57* 0.48* 0.40* 0.58* 0.40* 0.33* 0.48*

Iran 337 0.42* 0.36* 0.49* 0.45* 0.39* 0.53* 0.48* 0.41* 0.56*

Iraq 1060 0.53* 0.49* 0.58* 0.63* 0.57* 0.70* 0.52* 0.47* 0.57*

Other Asian countries 2052 0.48* 0.45* 0.52* 0.56* 0.52* 0.60* 0.58* 0.54* 0.63*

Russia 273 0.51* 0.43* 0.61* 0.61* 0.51* 0.73* 0.70* 0.59* 0.84*

Model 1: adjusted for age; model 2: adjusted for age, region of residence in Sweden, educational level, marital status, parity, body mass index level, and 
neighborhood deprivation; and model 3: model 2 plus comorbidities. HDP indicates hypertensive disorders of pregnancy; and HR, hazard ratio.

*Values are statistically significant.
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DISCUSSION
The main results of this study were that first- and 
second-generation immigrant women had a lower over-
all risk of hypertension during pregnancy, compared 
with the Swedish reference group. First-generation 
immigrant women had lower risks of all types of hy-
pertension in pregnancy, whereas second-generation 
immigrant women had lower risks specifically of ges-
tational hypertension and preeclampsia/eclampsia but 
not preexisting hypertension. The lower risks observed 
in second-generation women were not as pronounced 
as among first-generation women, thus suggesting 
that environmental factors may have an important influ-
ence on HDP. The only immigrant group with a higher 
overall risk of hypertension was women from Finland. 
Second-generation women with at least 1 parent from 
Nordic countries outside of Sweden also had higher 
risks of preexisting hypertension, gestational hyperten-
sion, and preeclampsia/eclampsia, which may have 
been driven by the women with parent(s) from Finland.

The lower risk of hypertension among first-generation 
immigrant women is consistent with findings from several 
prior studies.9,13,14 It also is in accordance with studies 
that showed a lower risk of hypertension among im-
migrants in Europe, including immigrants from Muslim 
countries residing in Europe22 or non-European immi-
grants in Sweden.23 A systematic review suggested that 
the lower risk of hypertension in Muslim populations 
could be related to yet untapped lifestyle and behavioral 
habits, which may indicate some advantages in the risk 
of hypertension.22 An interesting result is that the lower 
overall risk of hypertension among immigrant women 

was less pronounced in second-generation immigrants. 
A tendency for equalization in second-generation immi-
grants has also previously been shown for other out-
comes, such as myocardial infarction.24 This may imply 
that preventive measures during pregnancy may be 
needed especially among second-generation women. 
A lower risk of hypertension among pregnant immigrant 
women could be partly attributable to the healthy mi-
grant effect,25 as the risk of hypertension in many im-
migrant groups is known to be lower.23,26 The healthy 
migrant effect refers to a better health status among 
people who migrate compared with their compatriots 
in their region of origin,27 or also compared with native-
born individuals in their newly adopted country. Starting 
in the 1960s, many labor migrants came to work in the 
expanding Swedish economy and were likely to be 
healthier overall than the native Swedish-born popula-
tion. Non-European immigrants in Denmark have also 
been reported to be healthier in regard to lower alco-
hol intake and higher vegetable consumption, but less 
healthy concerning leisure-time physical activity.28 The 
risk for obesity is also higher in some non-European 
immigrant groups.29

In contrast with our findings for hypertension, the 
risk of diabetes during pregnancy has been reported 
to be higher among first-generation immigrant women 
in Sweden,30 and diabetes risk is also higher in certain 
non-European immigrant groups.29,31 The reasons for 
a lower risk of hypertension and a higher risk of diabe-
tes among some immigrant groups of non-European 
origin are unclear. These contrasting findings could 
possibly be related to differences in alcohol intake, as 
high alcohol intake is 1 risk factor for hypertension,32 

Table 3.  Fully Adjusted HRs and 99% CIs for Different Types of Hypertension in Pregnancy Among First-Generation 
Immigrant Women

Country or region of origin

Preexisting hypertension in 
pregnancy Gestational hypertension Preeclampsia and eclampsia

Cases HR 99% CI Cases HR 99% CI Cases HR 99% CI

Sweden 4003 1.00 … 17 420 1.00 … 35 191 1.00 …

All foreign-born 940 0.64* 0.55* 0.75* 2787 0.57* 0.53* 0.63* 7168 0.75* 0.71* 0.79*

Nordic countries 168 1.13* 1.05* 1.69* 461 1.33* 1.05* 1.69* 847 1.20* 1.04* 1.38*

Southern Europe 26 0.63 0.53 1.67 49 0.94 0.53 1.67 108 0.55* 0.36* 0.84*

Western Europe 33 0.62 0.53 1.49 107 0.89 0.53 1.49 196 0.85 0.64 1.13

Eastern Europe 85 0.36* 0.32* 0.62* 296 0.45* 0.32* 0.62* 883 0.44* 0.37* 0.52*

Baltic countries 23 0.76 0.62 2.16 67 1.16 0.62 2.16 94 0.92 0.64 1.33

Central Europe 95 1.09 0.98 1.87 242 1.36 0.98 1.87 386 0.98 0.80 1.19

Africa 107 0.39* 0.35* 0.67* 290 0.49* 0.35* 0.67* 1152 0.40* 0.33* 0.49*

North America 10 0.31 0.23 1.45 38 0.58 0.23 1.45 81 0.72 0.45 1.16

Latin America 44 0.42* 0.36* 0.87* 152 0.56* 0.36* 0.87* 487 0.60* 0.47* 0.75*

Asia 313 0.38* 0.36* 0.54* 986 0.44* 0.36* 0.54* 2715 0.42* 0.37* 0.47*

Russia 28 0.51 0.43 1.32 82 0.75 0.43 1.32 161 0.66* 0.47* 0.92*

HR indicates hazard ratio.
*Values are statistically significant.
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Table 4.  HRs and 99% CIs for HDP Among Second-Generation Immigrant Women

Country or region of origin Cases

Model 1 Model 2 Model 3

HR 99% CI HR 99% CI HR 99% CI

Sweden 57 260 1.00 … 1.00 … 1.00 …

All with foreign-born parents 10 245 0.87* 0.84* 0.90* 0.88* 0.86* 0.91* 0.88* 0.86* 0.89*

Nordic countries 5533 1.11* 1.06* 1.15* 1.09* 1.05* 1.14* 1.06* 1.02* 1.10*

Denmark 609 0.91 0.81 1.02 0.91 0.81 1.02 0.87* 0.77* 0.98*

Finland 4302 1.17* 1.11* 1.22* 1.15* 1.10* 1.20* 1.12* 1.07* 1.17*

Iceland 29 0.72 0.42 1.22 0.75 0.44 1.27 0.75 0.44 1.28

Norway 593 1.00 0.89 1.12 0.98 0.87 1.10 0.96 0.86 1.08

Southern Europe 368 0.72* 0.62* 0.84* 0.73* 0.63* 0.84* 0.74* 0.64* 0.86*

France 35 0.58* 0.36* 0.94* 0.60* 0.37* 0.98* 0.64 0.40 1.04

Greece 98 0.60* 0.45* 0.80* 0.59* 0.44* 0.79* 0.60* 0.45* 0.80*

Italy 92 0.75 0.55 1.00 0.75 0.56 1.01 0.76 0.57 1.03

Spain 98 1.01 0.76 1.34 1.02 0.76 1.35 1.03 0.77 1.38

Other Southern European countries 45 0.69 0.45 1.05 0.70 0.45 1.06 0.70 0.46 1.07

Western Europe 723 0.85* 0.77* 0.95* 0.87* 0.78* 0.97* 0.89* 0.80* 0.99*

Netherlands 56 0.90 0.61 1.31 0.93 0.64 1.37 0.95 0.65 1.39

United Kingdom and Ireland 8 0.82 0.30 2.24 0.87 0.32 2.37 0.88 0.32 2.42

Germany 515 0.83* 0.73* 0.94* 0.85* 0.75* 0.96* 0.86* 0.76* 0.97*

Austria 114 0.96 0.73 1.25 0.98 0.75 1.28 1.01 0.77 1.32

Other Western European countries 30 0.82 0.48 1.37 0.85 0.51 1.43 0.87 0.51 1.46

Eastern Europe 980 0.65* 0.59* 0.71* 0.65* 0.59* 0.71* 0.67* 0.61* 0.73*

Bosnia 222 0.61* 0.50* 0.73* 0.60* 0.50* 0.73* 0.66* 0.54* 0.79*

Yugoslavia 649 0.68* 0.61* 0.76* 0.68* 0.60* 0.76* 0.68* 0.61* 0.76*

Croatia 28 0.61 0.36 1.05 0.61 0.36 1.05 0.65 0.38 1.11

Romania 44 0.57* 0.37* 0.88* 0.59* 0.38* 0.90* 0.60* 0.39* 0.92*

Bulgaria 18 0.56 0.29 1.10 0.57 0.29 1.11 0.61 0.31 1.18

Other Eastern European countries 19 0.56 0.29 1.08 0.59 0.31 1.14 0.60 0.31 1.16

Baltic countries 143 0.98 0.77 1.24 1.03 0.81 1.30 1.06 0.83 1.34

Estonia 120 0.99 0.76 1.28 1.03 0.80 1.34 1.06 0.81 1.37

Latvia 23 0.93 0.51 1.69 0.99 0.55 1.80 1.07 0.59 1.93

Central Europe 516 0.83* 0.73* 0.94* 0.85* 0.75* 0.96* 0.87* 0.76* 0.98*

Poland 311 0.88 0.75 1.03 0.91 0.77 1.06 0.94 0.79 1.10

Other Central European countries 59 0.68* 0.47* 0.99* 0.70 0.49 1.02 0.71 0.49 1.03

Hungary 146 0.79 0.62 1.00 0.81 0.64 1.02 0.81 0.64 1.02

Africa 265 0.75* 0.63* 0.90* 0.77* 0.64* 0.91* 0.73* 0.61* 0.87*

North America 132 0.97 0.76 1.25 1.02 0.79 1.30 1.05 0.82 1.34

Latin America 325 0.76* 0.65* 0.89* 0.76* 0.64* 0.89* 0.71* 0.60* 0.83*

Chile 252 0.87 0.73 1.05 0.85 0.71 1.02 0.77* 0.64* 0.92*

Other South American countries 73 0.53* 0.38* 0.74* 0.55* 0.39* 0.76* 0.56* 0.40* 0.78*

Asia 1179 0.55* 0.50* 0.59* 0.55* 0.50* 0.60* 0.54* 0.50* 0.59*

Turkey 344 0.60* 0.51* 0.70* 0.56* 0.48* 0.66* 0.56* 0.48* 0.65*

Lebanon 124 0.49* 0.38* 0.64* 0.47* 0.36* 0.61* 0.43* 0.33* 0.56*

Iran 133 0.48* 0.38* 0.62* 0.49* 0.38* 0.63* 0.52* 0.41* 0.67*

Iraq 235 0.50* 0.41* 0.60* 0.55* 0.45* 0.67* 0.52* 0.42* 0.63*

Other Asian countries 343 0.59* 0.50* 0.68* 0.59* 0.50* 0.69* 0.61* 0.52* 0.71*

Russia 53 0.94 0.63 1.39 1.01 0.68 1.50 1.09 0.74 1.62

Model 1: adjusted for age; model 2: adjusted for age, region of residence in Sweden, educational level, marital status, parity, body mass index level, and 
neighborhood deprivation; and model 3: model 2 plus comorbidities. HDP indicates hypertensive disorders of pregnancy; and HR, hazard ratio.

*Values are statistically significant.
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whereas moderate alcohol intake of especially wine 
may be preventive for type 2 diabetes.33,34 There is, 
however, no consensus on whether this or other fac-
tors could explain the differences in risks for hyperten-
sion and diabetes among non-European immigrants. 
Immigrants from Middle Eastern countries in Sweden 
seem to have a different kind of type 2 diabetes, sug-
gesting the importance of genetic factors,35 which is 
consistent with an Indian study showing that gesta-
tional diabetes is associated with a genetic variant.36 
However, a Swedish study found that clinical factors 
were more important than genetic factors for the pre-
diction of incident type 2 diabetes.37 In addition, in-
teractions between genes and environment are likely 
to play an important role,38 and possibly epigenetic 
factors.

We found a higher risk of hypertension among 
Finnish immigrants in Sweden, consistent with a 
previous study.23 In addition, in Finland, the risk of 
hypertension among pregnant women was lower in im-
migrant women compared with Finnish-born women.14 
Furthermore, Finland also had the highest rate of coro-
nary heart disease mortality in the 1970s, with a higher 
prevalence of hypertension as 1 of the main contribut-
ing factors.39 The higher risk among immigrants from 
Finland was also less pronounced among second-
generation compared with first-generation women. The 
higher risk of HDP in Finnish women calls for aware-
ness and for preventive efforts in this group after preg-
nancy, to reduce their overall cardiovascular risk. The 
overall cardiovascular risk should also be monitored in 
women with other risk factors during pregnancy, such 

as gestational diabetes,30 which is more common in 
certain immigrant groups. Evidence suggests that car-
diometabolic risk factors that appear during pregnancy 
may reappear in the years after pregnancy, which calls 
for further preventive efforts. In addition, prepregnancy 
public health efforts are needed to prevent hyperten-
sion in pregnancy.

For other potential risk factors for HDP, some find-
ings were expected, such as a protective effect of 
higher educational level. However, neighborhood SES 
and risk of hypertension during pregnancy showed 
an opposite and unexpected pattern, with lower risks 
among first- and second-generation women living in 
the most deprived neighborhoods. A possible expla-
nation for this paradoxical finding could be a lack of 
integration of these women into Swedish society. As 
all women in Sweden have free access to maternal 
health care, it seems unlikely that hypertension during 
pregnancy would have been undetected in certain 
groups. Furthermore, diabetes during pregnancy was 
associated with higher risks of hypertension in both 
Swedish-born women with 2 Swedish-born parents 
and in first- and second-generation immigrant women 
(Tables S5 and S6).

There are some limitations of this study. We used 
register-based data and had no possibility to confirm 
the clinical criteria for the reported diagnoses. Thus, 
we could not specify other types of hypertension, but 
these cases were few compared with the other sub-
groups. In general, Swedish registers, including the 
Medical Birth Register, are known to be of high stan-
dard and validity.16–18 We lacked information on severity 

Table 5.  Fully Adjusted HRs and 99% CIs for Different Types of Hypertension Among Second-Generation Immigrant 
Women

Country or region of origin Cases

Preexisting hypertension in 
pregnancy

Cases

Gestational hypertension

Cases

Preeclampsia and 
eclampsia

HR 99% CI HR 99% CI HR 99% CI

Sweden 4003 1.00 … 17 420 1.00 … 35 191 1.00 …

All with foreign-born parents 782 0.96 0.86 1.08 3069 0.87* 0.82* 0.92* 6269 0.87* 0.83* 0.90*

Nordic countries 484 1.13* 1.09* 1.43* 1752 1.25* 1.09* 1.43* 3233 1.13* 1.05* 1.21*

Southern Europe 25 0.48 0.41 1.27 98 0.72 0.41 1.27 236 0.64* 0.48* 0.86*

Western Europe 50 0.60 0.53 1.20 226 0.80 0.53 1.20 436 0.92 0.76 1.11

Eastern Europe 54 0.44* 0.39* 0.86* 251 0.58* 0.39* 0.86* 659 0.56* 0.46* 0.67*

Baltic countries 15 0.77 0.61 2.69 38 1.29 0.61 2.69 89 0.95 0.60 1.51

Central Europe 37 0.67 0.58 1.49 174 0.93 0.58 1.49 302 0.94 0.76 1.17

Africa 12 0.31 0.24 1.24 68 0.54 0.24 1.24 181 0.60* 0.42* 0.84*

North America 11 0.71 0.54 3.05 43 1.29 0.54 3.05 78 1.07 0.69 1.66

Latin America 15 0.30 0.23 1.03 84 0.49 0.23 1.03 221 0.59* 0.43* 0.80*

Asia 70 0.40* 0.36* 0.74* 314 0.51* 0.36* 0.74* 783 0.48* 0.40* 0.56*

Russia 7 0.96 0.69 5.97 11 2.03 0.69 5.97 35 0.75 0.32 1.76

HR indicates hazard ratio.
*Values are statistically significant.
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of hypertension. We also lacked information on lifestyle 
or other environmental factors that may underly the 
main findings, which would be useful to include in fu-
ture studies. There is also a small risk of underdiag-
nosis of hypertension during pregnancy in immigrant 
women compared with Swedish women as previous 
studies have shown that certain immigrant women use 
maternal health care to a lesser extent than native-
born Swedish women.15 However, we believe that this 
risk is minimal because our previous findings of higher 
risks of diabetes in immigrant women during preg-
nancy suggest that their lower risks of hypertension in 
the present study are unlikely to be explained by low 
health care use.

CONCLUSIONS
The overall risk of hypertension in pregnancy was 
lower in both first- and second-generation immigrant 
women compared with the Swedish reference group. 
The risk reduction was less pronounced in second-
generation compared with first-generation immigrant 
women, thus suggesting that environmental factors in 
Sweden may have an important influence on the risk 
of hypertension during pregnancy. However, because 
there is a small risk that our findings could be related 
to lower use of maternal health care services by certain 
immigrant women, maternal health care should be en-
couraged in such women with attention to factors that 
promote good cardiovascular health.
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