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Abstract
Aims/hypothesis Hypertensive disorders are prevalent among pregnant women with pre-existing diabetes, but the prevalence and
impact of white coat hypertension are unknown. Measurement of home BP before initiation of antihypertensive treatment is necessary
to identify white coat hypertension since international guidelines recommend that white coat hypertension is left untreated. The aim of
this study, conducted among women with pre-existing diabetes, was therefore to examine the prevalence of white coat hypertension in
early pregnancy, and pregnancy outcome in women with white coat hypertension in early pregnancy.
Methods A prospective cohort study was undertaken involving women with pre-existing diabetes from a geographically well-
defined area. Based on office BP in early pregnancy and home BPmeasured for 3 days, women were categorised in three groups:
(1) white coat hypertension, defined as office BP ≥ 135/85 mmHg and mean home BP < 130/80 mmHg; (2) chronic hyperten-
sion, defined as pre-pregnancy hypertension including newly detected office BP ≥ 135/85 mmHg with home BP ≥ 130/
80 mmHg; and (3) normotension. Office BP was measured every 2 weeks and, if ≥ 135/85 mmHg, home BP measurements
were performed. White coat hypertension was left untreated, and tight antihypertensive treatment was initiated when both office
BP ≥ 135/85 mmHg and home BP ≥ 130/80 mmHg. Pregnancy-induced hypertensive disorders were defined as office BP ≥ 140/
90 mmHg with home BP ≥ 130/80 mmHg when available, with onset after 20 weeks of gestation.
Results In total, 32 out of 222 women with pre-existing diabetes had newly detected office BP ≥ 135/85 mmHg in early
pregnancy. White coat hypertension was present in 84% (27/32) of these women, representing 12% (95% CI 8%, 17%) of the
whole cohort. Chronic hypertension was present in 14% (n = 32) and normotension in 74% (n = 163). Women with white coat
hypertension were characterised by higher pre-pregnancy BMI (p = 0.011), higher home BP (p < 0.001) and higher prevalence of
type 2 diabetes (p = 0.009), but similar HbA1c (p = 0.409) compared to women with normotension. Regarding pregnancy
outcome, pregnancy-induced hypertensive disorders developed in 44% (12/27) of women with white coat hypertension in
comparison with 22% (36/163) among initially normotensive women (p = 0.013), while the prevalence of preterm delivery
was comparable (p = 0.143). The adjusted analysis, performed post hoc, suggested approximately double the risk of developing
pregnancy-induced hypertensive disorders (OR 2.43 [CI 0.98, 6.05]) if white coat hypertension was present in early pregnancy,
independently of pre-pregnancy BMI and parity.
Conclusions/interpretation White coat hypertension is prevalent in women with pre-existing diabetes and may indicate a high
risk of later development of pregnancy-induced hypertensive disorders. To distinguish between persistent white coat hyperten-
sion and onset of pregnancy-induced hypertension, repeated home BP monitoring is recommended when elevated office BP is
detected.
The study was registered at ClinicalTrials.gov (ID: NCT02890836).
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Introduction

Up to 40% of pregnancies in women with pre-existing diabe-
tes (type 1 or type 2 diabetes) are complicated by hypertensive
disorders [1, 2], and the development of preeclampsia shows a
sixfold increase in women with diabetes compared with wom-
en without diabetes [3]. Verifying the diagnosis of hyperten-
sion by either home BP measurements or 24 h BP measure-
ments is recommended both in non-pregnant and pregnant
populations [4, 5]. This is to exclude white coat hypertension,

i.e. elevated BP at the doctor’s office, but normal BP in the
usual home environment [6], since antihypertensive treatment
is not recommended to pregnant women with white coat hy-
pertension [4, 5].

In healthy pregnancy up to 70% of the women who present
with hypertension in the office have white coat hypertension
[7, 8]. However, the implications of having white coat hyper-
tension in early pregnancy have only been sparsely investigat-
ed in women without diabetes, and results suggest that nearly
half of women with initial white coat hypertension in early
pregnancy develop hypertension during pregnancy [7]. To our
knowledge, the prevalence and implications of white coat hy-
pertension in early pregnancy have never been explored in
women with diabetes.

In general, hypertension is defined as office BP ≥
140 mmHg systolic and/or 90 mmHg diastolic [4]. During
pregnancy, antihypertensive treatment is usually only initiated
when office BP is well above 140/90 mmHg due to fear of
harming the feto-placental unit [4, 5]. This approach has re-
cently been challenged by a large randomised clinical trial
documenting that tight antihypertensive treatment prevents
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the development of severe hypertension in pregnant women
without reported negative consequences for the fetus [9].

An even tighter goal for antihypertensive treatment has
been recommended in the non-pregnant population with dia-
betes [10] because hypertension plays a central role in the
development of proteinuria and other microvascular compli-
cations [11, 12]. For more than 10 years we have followed a
tight antihypertensive treatment strategy for pregnant women
with pre-existing diabetes, when office BP is ≥ 135 mmHg
systolic and/or 85 mmHg diastolic [1]. We have demonstrated
improved pregnancy outcomes using this office BP target in
pregnant women with diabetes and microalbuminuria [13].
This tight antihypertensive goal was also evaluated in a large
retrospective cohort of unselected pregnant women with pre-
existing diabetes, and a reassuringly low prevalence of hyper-
tensive disorders and preterm delivery were reported [1].
Therefore, BP target of ≥ 135/85 mmHg was chosen for this
study and referred to as ‘tight’. Current guidelines [5, 14] and
cohort studies [15–17] describe home BP as approximately
5/5 mmHg lower than office BP, so office BP of 135/
85 mmHg corresponds to home BP of 130/80 mmHg.

The aim of this study, conducted among women with pre-
existing diabetes, was therefore to examine the prevalence of
women with white coat hypertension in early pregnancy and
their pregnancy outcome. White coat hypertension was left
untreated and tight antihypertensive treatment initiated when
indicated.

Methods

Study population In this prospective observational cohort
study, consecutive pregnant women with pre-existing diabetes
were included from September 2015 to February 2018 at two
territorial referral centres for pregnant women with diabetes in
Copenhagen and Odense, Denmark, covering a geographical-
ly well-defined region of approximately four million inhabi-
tants. Inclusion criteria were women with pre-existing diabe-
tes with a singleton pregnancy before 20 weeks of gestation.
Exclusion criteria were age < 18 years, concomitant diseases
(cystic fibrosis [n = 2], polycystic kidneys [n = 1], previous
bariatric surgery [n = 4] and secondary diabetes due to e.g.
pancreatitis [n = 4]), insufficient language skills and recurrent
pregnancy during the study period.

Of 393 eligible women, 305 (78%) women consented to
participate. Subsequently, 58 womenwere excluded as a result
of: induced or spontaneous abortion (n = 18); withdrawal of
consent (n = 39); or because they moved to another part of
Denmark (n = 1), leaving a cohort of 247 women for the study.
Home BPmeasurements were not returned in early pregnancy
by 10% (n = 25) of the women, resulting in 222 women (178
from Copenhagen and 44 from Odense) available for
analyses.

Monitoring of office BP At the first antenatal visit (median
71 days [interquartile range (IQR) 59–88]), routine office BP
was measured once after 5 min of resting. If values were
≥ 135mmHg systolic and/or ≥ 85mmHg diastolic, two further
measurements were performed. The lowest obtained office BP
was noted in the patient’s record and used for analysis. Office
BPwasmeasured byMicrolife BP 3A Plus, which is validated
for use in pregnancy including if preeclampsia develops [18]
at Rigshospitalet, and with an A&DMedical, Life Source UA-
852 Digital BP Monitor (Abingdon, UK) at Odense
University Hospital.

Monitoring of home BP At inclusion, the women received
careful oral and written instructions on self-monitoring of
home BP with the BP device Microlife BP 3A Plus and on
how to fill in the measured BP in a case report form. The
women were instructed to initiate the home BP measuring
within 1 week of inclusion in the study and to measure home
BP for 3 days with three measurements both in the morning
before breakfast and in the late afternoon before dinner after a
minimum of 5 min rest in a seated position (in total 18 mea-
surements) according to the guidelines from the Danish
Hypertension Society [19]. All women were requested to re-
frain from smoking for at least 30 min before measuring.
Appropriate cuff sizes were used: medium-large if the upper
arm circumference was between 22 and 42 cm and X-large if
the upper arm circumference was above 42 cm, which was the
case in 5% of the women. The women were asked to measure
home BP in a similar way within 1 week of the visit at
36 weeks. The mean of all recorded home BP measurements
was calculated. Current guidelines [5, 14] and cohort studies
[15–17] describe home BP as approximately 5/5 mmHg lower
than office BP, so office BP of 135/85 mmHg corresponds to
home BP of 130/80 mmHg.

We sought to improve compliance by sending short mes-
sage services (SMS). The women received a customised
welcome-SMS and reminder-SMSs. Throughout pregnancy
the women were asked to measure home BP for 3 days on
indication whenever office BP ≥ 135 mmHg systolic and/or
≥ 85mmHg diastolic (Fig. 1). The women were asked to bring
these measurements to the next clinical appointment, to phone
or to mail the measurements using a tailored individual
approach.

Antihypertensive treatment Antihypertensive treatment was
initiated if office BP ≥ 135 mmHg systolic and/or ≥ 85 mmHg
diastolic together with elevated home BP defined as home
BP ≥ 130 mmHg systolic and/or ≥ 80 mmHg diastolic.
Additionally, antihypertensive treatment was initiated if
albumin/creatinine ratio (ACR) > 30 mg/mmol, regardless of
BP level (Fig. 1). The women were hereafter advised to con-
tinue home BP measurements throughout pregnancy and to
bring home BPmeasurements to every pregnancy visit, where
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both office and home BPmeasurements were used for titrating
the antihypertensive treatment to reach the dual therapeutic
goals of home BP < 130 mmHg systolic and < 80 mmHg di-
astolic, and ACR < 30 mg/mmol (Fig. 1). Antihypertensive
treatment could also be initiated based on office BP measure-
ments only, on the local obstetrician’s decision, which was
mainly the case during hospital admission in late pregnancy
and during delivery.

Methyldopa was the primary antihypertensive agent used,
with labetalol and slow-release nifedipine added when
necessary.

Categorising of women in early pregnancy based on BP In
accordance with our tight antihypertensive strategy with target
for initiation of antihypertensive treatment at office BP ≥ 135/
85 mmHg and home BP ≥ 130/80 mmHg, the women were
categorised into three groups (Fig. 2):

1. White coat hypertension. Defined as newly detected of-
fice BP ≥ 135 mmHg systolic and/or ≥ 85 mmHg diastol-
ic, and home BP < 130 mmHg systolic and < 80 mmHg
diastolic.

2. Chronic hypertension and/or kidney involvement.
Chronic hypertension was defined as known pre-
pregnancy hypertension, or newly detected office
BP ≥ 135 mmHg systolic and/or ≥ 85 mmHg diastolic
with home BP ≥ 130 mmHg systolic and/or ≥ 80 mmHg
diastolic. Kidney involvement was defined as known or
newly detected presence of diabetic nephropathy
(ACR ≥ 30 mg/mmol) or microalbuminuria (ACR 3–29
mg/mmol), based on two urine samples where possible.
Women with known pre-pregnancy hypertension, where
the antihypertensive treatment was withdrawn in early
pregnancy (n = 2), and women with kidney involvement
in early pregnancy without antihypertensive treatment
(n = 3), were allocated to this group of women with
hypertension.

3. Normotension. Defined as office BP < 135 mmHg systol-
ic and < 85 mmHg diastolic.

Definitions of hypertensive disorders Pregnancy-induced hy-
pertensive disorders are defined as office BP ≥ 140 mmHg
systolic and/or ≥ 90 mmHg diastolic measured at least twice,

Office SBP ≥ 135 mmHg 

and/or

office DBP ≥ 85 mmHg

Office SBP < 135 mmHg 

and

office DBP < 85 mmHg

No home BP 

measurements

Office BP 

measurement

Home BP 

measurements

Home SBP ≥ 130 mmHg 

and/or

home DBP ≥ 80 mmHg

Home SBP < 130 mmHg 

and

home DBP < 80 mmHg

No or unchanged anti-

hypertensive treatment

Initiate or optimise

antihypertensive 

treatment
a

Home BP 

measurements before 

every office visit

Fig. 1 Flowchart of the
Copenhagen antihypertensive
treatment strategy in pregnant
women with pre-existing diabetes
who have elevated office BP and
available data on home BP.
aAntihypertensive treatment is
initiated or optimised if office
BP ≥ 135 mmHg systolic and/or
≥ 85 mmHg diastolic together
with elevated home BP defined as
home BP ≥ 130 mmHg systolic
and/or ≥ 80 mmHg diastolic.
Additionally, antihypertensive
treatment is initiated if the ACR is
≥ 30 mg/mmol, regardless of BP
level. The dual therapeutic goal is
to reduce home systolic BP to
< 130 mmHg and diastolic BP to
< 80 mmHg, and to reduce ACR
to < 30 mg/mmol. DBP, diastolic
blood pressure; SBP, systolic
blood pressure
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4 h apart, after 20 weeks of gestation, and home BP ≥ 130/
80 mmHg when available, in agreement with international
guidelines [4, 5]. Pregnancy-induced hypertensive disorders
include preeclampsia and gestational hypertension.

Preeclampsia is defined as hypertension developing after
20 weeks of gestation with the coexistence of either protein-
uria ≥ +1 on a sterile urine dipstick or symptoms from other
organs defined as thrombocytopenia (< 100 × 109/l), renal in-
sufficiency (serum creatinine concentrations > 100 μmol/l or a
doubling of the serum creatinine concentration in the absence
of other renal disease), impaired liver function (elevated blood
concentrations of liver aminotransferases to twice normal con-
centration), pulmonary oedema, cerebral or visual symptoms
[4]. In women with prior kidney involvement, superimposed
preeclampsia was defined as an increase in either systolic or
diastolic BP of ≥ 15% and office BP ≥ 140 mmHg systolic
and/or ≥ 90 mmHg diastolic on two occasions at least 4 h
apart, with the coexistence of proteinuria ≥ +1 on a sterile
urine dipstick, regardless of changes in the degree of
proteinuria.

Gestational hypertension is defined as pregnancy-induced
hypertension without fulfilling the criteria for preeclampsia,
regardless of onset of antihypertensive treatment. Where

doubt existed about the diagnosis of preeclampsia or gesta-
tional hypertension, the cases were evaluated by the senior
obstetrician (PD).

Diabetes and pregnancy care All women followed the preg-
nancy care programme for pregnant women with pre-existing
diabetes at the two centres, mainly as previously described [1].
The women attended obstetric clinic appointments at approx-
imately 8, 12, 20, 27, 33 and 36 gestational weeks and every
second week for diabetic clinic visits where office BP,
glycaemic control and weight were registered, and a sterile
urine dipstick was used to screen for proteinuria.

A low glycaemic index diet with a moderate amount of car-
bohydrates was recommended according to national guidelines
on diabetes diet with focus on appropriate gestational weight gain
according to pre-pregnancy BMI; BMI < 25 kg/m2: 10–15 kg,
BMI 25–29.9 kg/m2: 5–8 kg and BMI ≥ 30 kg/m2: 0–5 kg.

The women were advised to self-monitor plasma glucose
before and 90 min after each main meal and at bedtime to
obtain plasma glucose values of 4.0–6.0 mmol/l preprandially
and 4.0–8.0 mmol/l postprandially. The targets for HbA1c

were < 50 mmol/mol (6.7%) before 20 weeks of gestation
and < 40 mmol/mol (5.8%) after 20 weeks. In women with

Eligible for 
inclusion, 
n=393

Consented to 
participate, 
n=305 (78%)

Included in 
analysis, n=222

missing home BP in early 

Excluded, n=83, due to: 
withdrawal of consent, n=39 
abortion, n=18 
moving from uptake area, n=1 

pregnancy, n=25

Elevated office BP 
(≥135/85 mmHg), 

n=32 (14%) 

Chronic hypertension Normal office BP 
(<135/85 mmHg), and/or kidney involvement, 

n=27 (12%) n=163 (74%)

White coat 
hypertension, 
n=27 (12%)

Chronic 
hypertension, 
n=32 (14%)

Normotension, 
n=163 (74%)

Normal home BP 
(<130/80 mmHg), 
n=27/32 (84%)

Elevated home BP 
(≥130/80 mmHg), 

n=5/32 (16%)

Fig. 2 Categorisation of 222
women with pre-existing diabetes
and home BP measurements in
early pregnancy into groups:
white coat hypertension, chronic
hypertension and normotension
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type 2 diabetes, oral hypoglycaemic agents including metfor-
min and glucagon-like peptide-1 receptor analogues were
discontinued at the first antenatal visit and insulin was initiat-
ed if indicated. In general, the women consulted a diabetes
specialist approximately every 2 weeks throughout the
pregnancy.

Prophylactic treatment with aspirin 75–150 mg/day was
recommended from 12 weeks to 36/37 weeks of gestation to
women with additional high risk of developing preeclampsia,
i.e. with a history of preeclampsia in a previous pregnancy,
kidney involvement or chronic hypertension. The variation in
dose of aspirin was due to changes in treatment protocols
during the study period.

Clinical data collection At first pregnancy visit, clinical vari-
ables were collected. HbA1c was measured in capillary blood
(DCA 2000; Bayer, Mishawaka, IN, USA). In women with
≥ +1 for proteinuria, ACRwasmeasured. Diabetic retinopathy
was assessed by retinal photo screening [20]. Gestational age
was assessed based on the first trimester nuchal translucency
scan.

Pregnancy outcome Preterm delivery was defined as delivery
before 37 completed weeks of gestation. Gestational weight
gain was calculated as the last measured weight (mainly 1–
2 weeks before delivery) minus self-reported pre-pregnancy
weight [21]. Large for gestational age (LGA) and small for
gestational age (SGA) infants were defined as birthweight
≥ 90th and ≤ 10th percentile adjusted for sex and gestational
age, respectively [22]. Admission to the neonatal intensive
care unit (NICU), perinatal mortality (between 22 weeks of
gestation and 7 days of life), major congenital malformations
(leading to death, causing a substantial future disability or
requiring surgery), neonatal hypoglycaemia (defined as a plas-
ma glucose value below 2.2 mmol/l, measured within 4 h of
life), jaundice (requiring phototherapy), transient tachypnoea
(requiring continuous positive airway pressure for more than
60 min) were noted. Perinatal morbidity was defined as the
occurrence of at least one of the following complications:
admittance to NICU, major congenital malformation, neonatal
hypoglycaemia, jaundice or transient tachypnoea.

Statistical analysis Continuous data with normal distribution
were reported as mean (±SD), continuous data with skewed
distribution as median (IQR) and categorical data as number
(%).

Both women with white coat hypertension and women
with chronic hypertension were compared with women with
normotension. Continuous skewed data were transformed
using logarithms. After transformation, all variables satisfied
normality and Student’s t test was used for comparison of
groups as well as for continuous normally distributed data.
Categorical variables were compared by χ2 test or Fisher’s

exact test where appropriate. Data was available for more than
95% of the women unless otherwise stated.

Univariate logistic regression analysis was conducted in
women without chronic hypertension in early pregnancy with
pregnancy-induced hypertensive disorders (yes/no) as out-
come variable. To identify possible independent risk factors
for pregnancy-induced hypertensive disorders, multivariate
logistic regression analysis was applied post hoc with
pregnancy-induced hypertensive disorders as the dependent
variable. Independent variables with p < 0.10 in the univariate
logistic regression analyses were included in the model;
nulliparity (yes/no), pre-pregnancy BMI (kg/m2) and white
coat hypertension (yes/no). BP values were not included in
the analysis, as these values were used for categorising white
coat hypertension.

Ethics

The protocol was in accordance with the Helsinki declaration
and approved by the local ethical committee of the capital
region of Denmark (H-15019186) and the local data agency
(2012-58-0004, RH-2015-289, I-Suite: 04305). The study
was registered at ClinicalTrials.gov (ID: NCT02890836).
Written informed consent was obtained from all participants.

Results

In total, 32 out of 222 women with pre-existing diabetes were
identified as having newly detected office BP ≥ 135/85mmHg
in early pregnancy. White coat hypertension was present in
84% (27/32) of these women, representing 12% (95% CI 8%,
17%) of the total cohort. Chronic hypertension at baseline was
found in 32 (14%) women (chronic hypertension present be-
fore pregnancy [n = 19], kidney involvement [n = 8] and new-
ly detected elevated BP both at the office and at home [n = 5])
(Fig. 2). The remaining 163 women (74%) were classified as
normotensive. Baseline data are presented in Table 1.

Women with white coat hypertension were characterised
by higher pre-pregnancy BMI (p = 0.011), higher home BP
(systolic BP, p < 0.001/diastolic BP, p < 0.001) and higher
prevalence of type 2 diabetes (p = 0.009) compared with nor-
motensive women.

Pregnancy-induced hypertensive disorders developedmore
frequently in women with white coat hypertension in early
pregnancy (n = 12, 44%) compared with women with
normotension (n = 36, 22%) (p = 0.013). The classic threshold
for hypertension (≥ 140/90 mmHg) was exceeded in most
cases (88%), at the onset of antihypertensive treatment. Both
women with white coat hypertension and women with
normotension in early pregnancy initiating antihypertensive
treatment were mainly on monotherapy for median 21 and
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12 days, respectively (Table 2). The overall prevalence of
hypertensive disorders including chronic hypertension, gesta-
tional hypertension and preeclampsia was 36% (80/222).
Antihypertensive treatment was given in 64 of these 80 wom-
en. In 13 women hypertension developed very late in preg-
nancy or during delivery and, based on the local obstetrician’s
decision, antihypertensive treatment was not initiated. Three
women in the group with chronic hypertension did not meet
the criteria for antihypertensive treatment during pregnancy.

Univariate logistic regression analysis in women without
chronic hypertension (n = 190) identified nulliparity, BMI and
white coat hypertension as possible risk factors for pregnancy-
induced hypertension (Table 3). The adjusted analysis sug-
gested approximately double the risk of developing
pregnancy-induced hypertensive disorders (OR 2.43 [CI
0.98, 6.05]) if white coat hypertension was present in early
pregnancy, independently of pre-pregnancy BMI and parity
(p = 0.056) (Table 3).

In total 27 (12%) women developed preeclampsia. Twenty
of these women developed preeclampsia before 37 completed

weeks of pregnancy resulting in preterm delivery in 17 cases
(8%). Preeclampsia developed in four (15%) women with
white coat hypertension and in 14 (9%) initially normotensive
women (Table 2). All 27 women diagnosed with preeclampsia
had BP ≥ 140/90 mmHg at two occasions at least 4 h apart
accompanied by proteinuria. Five (19%) women also had
signs or symptoms from other organ systems, mainly impaired
liver function.

Gestational age at delivery or preterm delivery were not
associated with presence of white coat hypertension in early
pregnancy (Table 2).

The mean birthweight z score was lower in offspring of
women with white coat hypertension compared with offspring
of women with normotension (p = 0.006), with fewer infants
born LGA (p = 0.029) (Table 2).

Use of prophylactic aspirin was not common among wom-
en with white coat hypertension but was mainly seen in the
group not developing pregnancy-induced hypertensive disor-
ders (Table 4, p = 0.047). All other early pregnancy clinical
variables in women with white coat hypertension were similar

Table 1 Baseline data in 222 pregnant women with pre-existing diabetes categorised in early pregnancy according to presence of white coat
hypertension, chronic hypertension or normotension

Characteristic White coat
hypertension,
n = 27 (12%)

Chronic
hypertension,
n = 32 (14%)

Normotension,
n = 163 (74%)

p value between
white coat hypertension
and normotension

p value between
chronic hypertension
and normotension

Type 1/type 2 diabetesa 12 (44)/15(56) 13(41)/19(59) 114(70)/49(30) 0.009 0.001

Duration of diabetes (years) 6 (2–16) 8 (3–22) 11 (3–18) 0.234 0.911

Gestational age (days) 80 (63–91) 67 (60–93) 71 (59–88) 0.148 0.234

Maternal age (years) 33 ± 7 34 ± 5 32 ± 5 0.096 0.011

Pre-pregnancy weight (kg) 93 (75–113) 92 (74–108) 72 (62–89) 0.002 <0.001

Pre-pregnancy BMI (kg/m2) 31 (25–40) 34 (26–37) 26 (23–31) 0.011 <0.001

HbA1c (mmol/mol) 47 ± 9 51 ± 12 49 ± 11 0.409 0.495

HbA1c (%) 7.7 8.2 7.9

Office systolic BP (mmHg) 133 ± 10 130 ± 13 117 ± 9 <0.001 <0.001

Office diastolic BP (mmHg) 87 ± 5 84 ± 10 74 ± 6 <0.001 <0.001

Home systolic BP (mmHg) 117 ± 7 126 ± 9 109 ± 8 <0.001 <0.001

Home diastolic BP (mmHg) 73 ± 4 77 ± 7 68 ± 7 <0.001 <0.001

Kidney involvement – 8 (25) – – –

Microalbuminuria – 5 (16) – – –

Diabetic nephropathy – 3 (9) – – –

Diabetic retinopathy 3/20 (15) 9/24 (38) 34/121 (28) 0.217 0.409

Nulliparous 15 (56) 20 (63) 87 (53) 0.833 0.343

Nordic origin 21 (78) 26 (81) 132 (81) 0.830 0.752

Smoking 2 (7) 7 (22) 8 (5) 0.667 0.003

Prophylactic aspirin initiated before
16 weeks of gestation

5 (19) 25 (78) 25 (15) 0.775 <0.001

Previous preeclampsia (only parous
women)

0/12 (0) 5/12 (42) 10/76 (13) 0.346 0.028

Continuous data with normal distribution are reported as mean ±SD, data with skewed distribution as median (IQR) and categorical data as number (%).
Data were available for ≥ 95% of the women unless otherwise stated
a Prevalence of type 1 diabetes vs type 2 diabetes
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Table 2 Pregnancy outcome in 222 pregnant women with pre-existing diabetes categorised in early pregnancy in three groups according to presence of
white coat hypertension, chronic hypertension and normotension

Outcome White coat
hypertension,
n = 27 (12%)

Chronic
hypertension,
n = 32 (14%)

Normotension,
n = 163 (74%)

p value between
white coat hypertension
and normotension

p value between
chronic hypertension
and normotension

Pregnancy-induced hypertensive disorders 12 (44) – 36 (22) 0.013 –

Gestational hypertension 8 (30) – 22 (13) 0.045 –

Preeclampsia 4 (15) 9 (28) 14 (9) 0.306 0.005

Gestational age at diagnosis of
pregnancy-induced hypertension (days)

247 (238–255) 238 (220–247)a 251 (241–261) 0.972 0.730

Systolic office BP at 36 weeks (mmHg) 124 ± 17 128 ± 14 122 ± 13 0.447 0.028

Diastolic office BP at 36 weeks (mmHg) 82 ± 9 83 ± 8 79 ± 8 0.044 0.008

Systolic home BP at 36 weeks (mmHg)b 123 ± 9 126 ± 11 118 ± 10 0.073 0.003

Diastolic home BP at 36 weeks (mmHg)b 78 ± 6 77 ± 7 76 ± 7 0.326 0.577

HbA1c at 36 weeks (mmol/mol) 42 ± 6 40 ± 5 43 ± 6 0.327 0.010

HbA1c at 36 weeks (%) 7.0 6.5 7.1

Office systolic BP at initiation of
antihypertensive treatment (mmHg)

142 ± 12 142 ± 18 140 ± 11 0.570 0.631

Office diastolic BP at initiation of
antihypertensive treatment (mmHg)

90 ± 4 88 ± 9 92 ± 6 0.470 0.172

Home systolic BP at initiation of
antihypertensive treatment (mmHg)c

140 ± 10 129 ± 4 136 ± 13 0.324 0.250

Home diastolic BP at initiation of
antihypertensive treatment (mmHg)c

89 ± 8 82 ± 5 88 ± 5 0.594 0.017

Antihypertensive treatment given or initiated
during pregnancy

10 (37) 29 (91) 25 (15) 0.007 <0.001

Duration of antihypertensive treatment (days) 21 (6–41) 237 (149–262) 12 (7–33) 0.460 <0.001

Antihypertensive treatment with monotherapy 8 (80) 13 (46) 20 (77) 0.842 0.022

Gestational age at delivery (days) 262 (260–272) 261 (253–268) 263 (257–268) 0.710 0.024

Preterm delivery (< 37 weeks) 4 (15) 14 (44) 46 (28) 0.143 0.082

Gestational weight gain (g/week) 346 ± 205 275 ± 213 372 ± 167 0.485 0.011

Birthweight (g) 3180 ± 682 2919 ± 717 3439 ± 574 0.036 <0.001

Birthweight z score 0.23 ± 1.4 0.02 ± 1.1 1.05 ± 1.4 0.006 <0.001

SGA 4 (15) 6 (16) 7 (4) 0.053 0.009

LGA 5 (19) 5 (16) 66 (40) 0.029 0.008

Placental weight (g) 631 ± 158 604 ± 179 718 ± 167 0.013 0.001

Admittance to NICUd 6 (26) 10 (33) 36 (27) 0.954 0.461

Perinatal mortalitye 0 (0) 1 (3) 0 (0) 1.000 1.000

Perinatal morbiditye 14 (64) 14 (54) 85 (69) 0.612 0.134

Data are reported as mean ± SD, as median (IQR) or as number (%)

Pregnancy-induced hypertensive disorders: development of gestational hypertension or preeclampsia

Gestational hypertension: hypertension (office BP ≥ 140/90 mmHg at two consecutive occasions with at least 4 h between) after 20 weeks of gestation

Preeclampsia: hypertension after 20 weeks of gestation with the coexistence of symptoms from other organs

Perinatal mortality: the delivery of a fetus showing no signs of life at 22 weeks of gestation or greater or death within 7 days of life

Perinatal morbidity: the occurrence of at least one of the following complications: major congenital malformation, neonatal hypoglycaemia, jaundice or
transient tachypnoea
a The gestational age is given for women with preeclampsia
b Data were available in 71% (n = 157) of the women
cData were available in 35 (78%) (nine, seven and 19 women with white coat hypertension, chronic hypertension and normotension, respectively) of the
45 women who initiated antihypertensive treatment during pregnancy
dData were available in 80% (n = 178) of the women
eData were available in 77% (n = 171) women
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regardless of whether they developed pregnancy-induced hy-
pertensive disorders or not (Table 4).

Discussion

In this prospective cohort study in women with pre-existing
diabetes, white coat hypertension in early pregnancy was seen

in 84% of women with newly detected elevated office BP.
Presence of white coat hypertension in early pregnancy was
associated with a high risk of developing pregnancy-induced
hypertensive disorders later in pregnancy.

The high prevalence of white coat hypertension among
pregnant women with diabetes with newly identified elevated
office BP is in accordance with the percentage described in
pregnant women without diabetes [7, 8].

Table 3 Risk markers for the de-
velopment of pregnancy-induced
hypertensive disorders in 190
pregnant women with pre-
existing diabetes without chronic
hypertension illustrated by uni-
variate and multivariate logistic
regression analysis

Independent variable OR 95% CI p value

Univariate logistic regression analysis (unadjusted OR)

Nordic origin (yes/no) 1.5 0.60, 3.61 0.405

Nulliparous (yes/no) 3.0 1.47, 6.17 0.003

White coat hypertension in early pregnancy (yes/no) 2.8 1.21, 6.57 0.016

Pre-pregnancy BMI (kg/m2) 1.05 1.00, 1.11 0.040

Aspirin initiated < 16 weeks (yes/no) 0.70 0.27, 1.84 0.471

Type 1 diabetes (yes/no) 0.80 0.40, 1.58 0.518

Smoking at baseline 0.762 0.156, 3.734 0.738

Office systolic BP in early pregnancy (mmHg) 1.07 1.04, 1.12 <0.001

Office diastolic BP in early pregnancy (mmHg) 1.10 1.04, 1.15 <0.001

Home mean systolic BP in early pregnancy (mmHg) 1.09 1.04, 1.14 <0.001

Home mean diastolic BP in early pregnancy (mmHg) 1.08 1.03, 1.14 0.003

Multivariate logistic regression analysis (adjusted OR)

Nulliparous (yes/no) 3.28 1.56, 6.89 0.002

Pre-pregnancy BMI (kg/m2) 1.05 1.00, 1.11 0.073

White coat hypertension in early pregnancy (yes/no) 2.43 0.98, 6.05 0.056

Table 4 Characteristics of 27 women with pre-existing diabetes and white coat hypertension in early pregnancy categorised according to development
of pregnancy-induced hypertensive disorders or no pregnancy-induced hypertensive disorders

Characteristic Development of pregnancy-induced
hypertensive disorders, n = 12 (44%)

No development of pregnancy-induced
hypertensive disorders, n = 15 (56%)

p value

Type 1/type 2 diabetes 6 (50)/6(50) 6 (40)/9(60) 0.603

Gestational age at inclusion (days) 75 (60–87) 85 (67–112) 0.435

Maternal age at inclusion (years) 33 ± 8 34 ± 6 0.759

Duration of diabetes (years) 6 (1–14) 6 (2–20) 0.899

Pre-pregnancy BMI (kg/m2) 30 (22–39) 32 (26–40) 0.608

HbA1c at inclusion (mmol/mol) 44 ± 9 50 ± 8 0.124

HbA1c at inclusion (%) 7.3 8.1

Office BP at inclusion (mmHg) 135 ± 12/88 ± 5 132 ± 7/85 ± 5 0.568/0.138

Systolic office BP ≥ 135 mmHg 4 (33) 8 (53) 0.299

Diastolic office BP ≥ 85 mmHg 10 (83) 11 (73) 0.662

Home BP at inclusion (mmHg) 117 ± 5/75 ± 5 117 ± 9/72 ± 5 0.924/0.084

Diabetic retinopathy 1 (8) 2 (13) 1.000

Nulliparous 8 (67) 7 (47) 0.299

Smoking at inclusion 0 (0) 2 (13) 0.489

Nordic origin 8 (67) 13 (87) 0.357

Prophylactic aspirin 0 (0) 5 (33) 0.047

Continuous data with normal distribution are reported as mean ± SD, data with skewed distribution as median (IQR) and categorical data as number (%)

Pregnancy-induced hypertensive disorders: development of gestational hypertension or preeclampsia
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Our findings that almost half of the pregnant women with
diabetes and white coat hypertension later progressed to hy-
pertensive disorders is also in line with one observational
study of 76 women without diabetes [7] describing that ap-
proximately half of the women with white coat hypertension
in early pregnancy developed pregnancy-induced hyperten-
sive disorders.

We followed the international guidelines using 140/90mmHg
as the level for diagnosing hypertension [4, 5], but planned to
initiate antihypertensive treatment at a slightly lower level.
However, most of the women were diagnosed with hypertension
at onset of antihypertensive treatment. Due to our tight antihy-
pertensive goal, the threshold for white coat hypertension was at
a slightly lower level in women with diabetes compared with
women without diabetes. However, if the same criteria for white
coat hypertension was used for womenwith diabetes as for those
without diabetes (≥ 140/90 mmHg for office BP and < 135/
85mmHg for home BP), the percentage of womenwith elevated
office BP having white coat hypertension was similar (91% [10/
11]). If the criteria were for office BP to be elevated on two
separate days, the percentage of white coat hypertension was still
high (82% [14/17]).

The current international recommendations to leave preg-
nant women with white coat hypertension untreated [4, 5]
reduces the exposure of their fetuses to antihypertensive
drugs. Whether or not pregnant women with white coat hy-
pertension may benefit from antihypertensive treatment from
early pregnancy remains speculative. We were unable to iden-
tify any clinically recorded variable in early pregnancy that
could distinguish between women with white coat hyperten-
sion who developed pregnancy-induced hypertensive disor-
ders and women who did not apart from a higher prevalence
of prophylactic aspirin in women who did not develop
pregnancy-induced hypertensive disorders, but numbers were
small. Therefore, when white coat hypertension in early preg-
nancy is left untreated as current guidelines recommend, it is
recommended that elevated office BP later in pregnancy is
supplemented with home BP measurements to detect devel-
opment of elevated home BP and a need for antihypertensive
treatment. How newly detected white coat hypertension later
in pregnancy should be managed needs to be explored in
future studies. More widely used aspirin prophylaxis for preg-
nant women with diabetes than that seen in this study may be
beneficial [23].

Based on our positive experience of treating pregnant
women with diabetes with and without kidney involvement
to the present tight office BP goal [13], this tight antihyper-
tensive treatment strategy was chosen for the present study.
The tight antihypertensive treatment strategy also included a
target of home BP of ≤ 130/80 mmHg. It is reassuring that
130/80 mmHg is close to the upper reference limit for home
BP of 123/78 mmHg in late pregnancy in healthy pregnant
women of European origin without diabetes [17], and to the

upper reference limits of Japanese women [16, 24, 25]. The
overall incidence of hypertensive disorders in the current
study was high (36%) and in line with what has previously
been reported (40%) in pregnant women with pre-existing
diabetes [2].

Univariate analysis identified white coat hypertension as a
possible risk marker for developing pregnancy-induced hy-
pertensive disorders. The adjusted analysis suggested approx-
imately double the risk of developing pregnancy-induced hy-
pertensive disorders if white coat hypertension was present in
early pregnancy, indicating that white coat hypertension is a
useful risk factor for development of pregnancy-induced hy-
pertension. However, this was a post hoc analysis and the
adjusted analysis yielded only a borderline significant result,
therefore the findings need to be evaluated with a larger sam-
ple in other studies.

In women with white coat hypertension, the birthweight z
score was lower compared with the birthweight z score of wom-
en with normotension, despite similar glycaemic control.
Whether white coat hypertension per se or the increased rate of
pregnancy-induced hypertensive disorders affect the birthweight
due to some degree of vasculopathy remains speculative. Onset
of antihypertensive treatment may play a role, but the median
duration of hypertensive treatment was only a few weeks.
Studies exploring the impact of antihypertensive treatment on
fetal growth in women with pre-existing diabetes are warranted.

It is a strength of the study that a relatively large unselected
cohort from a large geographical area is included. Chronic
hypertension, diabetic nephropathy and microalbuminuria in-
dicate an increased risk of pregnancy complications including
preeclampsia and preterm delivery, so these cases were
excluded before estimating the prevalence and pregnancy
outcome in women with white coat hypertension. Further,
all data were carefully validated, and all patient records were
reviewed with focus on development of hypertensive disor-
ders and antihypertensive treatment.

Prior to the study, a sample size estimation showed that
approximately 400 women with pre-existing diabetes were
needed to estimate the prevalence of white coat hypertension
with a precision of 5%. The study was not powered to detect
differences in pregnancy outcome among women with and with-
outwhite coat hypertension in early pregnancy, nevertheless, as it
is presently the only study of its kind, we found it clinically
meaningful to report pregnancy outcome, despite a small number
of women with white coat hypertension and many variables
tested, which makes the statistical evaluation less strong.

Further strengths of our study include using the device
Microlife® BP 3A Plus, which is validated for use in preg-
nancy including if preeclampsia develops [18]. We used a
comprehensive protocol for measuring home BP and all 18
measurements were available for most of the women in both
early and late pregnancy. Home BP measurements were pre-
ferred to 24 h BP measurements for convenience and cost of
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the repeated measurements needed. It is a limitation that not
all initially included women reported home BP measurements
and that not all women received antihypertensive treatment or
prophylactic aspirin as indicated. It is possible that use of
telemonitoring or smartphone applications might have led to
increased compliance.

In conclusion, white coat hypertension is prevalent in
women with pre-existing diabetes and may indicate a high
risk of later development of pregnancy-induced hypertensive
disorders. To distinguish between persistent white coat hyper-
tension and onset of pregnancy-induced hypertension, repeat-
ed home BPmonitoring is recommendedwhen elevated office
BP is detected.
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