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What does this work add to what is already known? 

It is debated whether anti-hypertensive treatment causes impaired fetal growth. No effect of anti-

hypertensive treatment on fetal growth or fetal hemodynamics was identified in this cohort of 

women with diabetes. 

What are the clinical implications of this work? 

In pregnant women with diabetes, anti-hypertensive treatment for pregnancy-induced hypertension 

can be initiated when indicated, without clinically significant impairment of fetal growth or fetal 

hemodynamics.
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Abstract 

Objectives: To explore the impact of anti-hypertensive treatment of pregnancy-induced 

hypertension on fetal growth and hemodynamics in women with pre-existing diabetes.  

Methods: A prospective cohort study of 247 consecutive pregnant women with pre-existing diabetes 

(152 type 1 diabetes; 95 type 2 diabetes), where tight anti-hypertensive treatment was initiated and 

intensified (mainly with methyldopa) when office blood pressure (BP) ≥135/85 mmHg and home 

BP  ≥130/80 mmHg. Fetal growth was assessed by ultrasound at 27, 33 and 36 weeks and fetal 

hemodynamics were assessed by ultrasound Doppler before and 1-2 weeks after initiation of anti-

hypertensive treatment. 

Results: In 215 initially normotensive women, anti-hypertensive treatment for pregnancy-induced 

hypertensive disorders was initiated in 42 (20%), while 173 were left untreated. Chronic 

hypertension was present in 32 (13%). Anti-hypertensive treatment for pregnancy-induced 

hypertensive disorders was not associated with fetal growth deviation (linear mixed model, 

p=0.681). At 27 weeks, mainly before initiation of anti-hypertensive treatment, the prevalence of 

small fetuses with an estimated fetal weight <10th percentile was 12% in women initiating anti-

hypertensive treatment compared with 4% in untreated women (p=0.054). These numbers were 

close to the prevalence of birth weight ≤10th percentile (small for gestational age (SGA)) (17% vs 

4%, p=0.003). Pulsatility index in the umbilical and middle cerebral artery remained stable after 

onset of anti-hypertensive treatment in a representative subgroup (n=12, p=0.941 and p=0.799, 

respectively).

 

Conclusion: There is no clear indication that antihypertensive treatment causes harm in this 

particular at-high-risk group of pregnant women with diabetes, such that a larger well-designed 

study to determine the value of tight antihypertensive control would be worthwhile.
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Abbreviations

BP Blood pressure

LGA Large for gestational age

RCTs Randomized controlled trials

SD Standard deviation

SGA Small for gestational age

Introduction

Anti-hypertensive treatment in people with diabetes reduces the development of severe 

hypertension and proteinuria (1). Hypertension in pregnancy is a leading cause of maternal and fetal 

morbidity and mortality (2) and tight blood pressure (BP) control results in reduced risk of severe 

hypertension in pregnancy (3). 

In pregnant women with diabetes, hypertensive disorders are four times more frequent than in the 

background population (4, 5). Our group previously found that tight control of BP during pregnancy 

in women with diabetes complicated by microalbuminuria was associated with a reduction in early 

preterm delivery (6). A cohort study of almost 500 pregnant women with pre-existing diabetes with 

tight BP control reported a low prevalence of preeclampsia and preterm delivery compared with 

earlier studies (7). 

The prevalence of small for gestational age (SGA) infants is high in women with hypertensive 

disorders and whether impaired fetal growth is a consequence of the hypertensive disorder per se, or 

merely secondary to anti-hypertensive treatment has been debated (8-10). The placentation in 

women with pre-existing diabetes is impaired (11) and fetal hemodynamics may therefore be more 

susceptible to changes in maternal BP than in healthy women. Randomized controlled trials (RCTs) 

investigating the effect and safety of tight antihypertensive treatment in pregnant women with 

diabetes are not available. Documenting that antihypertensive treatment is unlikely to make 

significant harm is important prior to initiation of such RCTs. Thus, a cohort of women with 
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diabetes offered tight BP control where repeated ultrasound assessments of fetal growth were 

performed provides a unique opportunity to study possible fetal growth deviations after initiation of 

anti-hypertensive treatment. 

At onset of antihypertensive treatment, a sudden impairment of fetal hemodynamics is often feared. 

Thus it is reassuring, that stable fetal hemodynamics after initiation of anti-hypertensive treatment 

has been reported in pregnant women without diabetes (12-15), however this has only been 

investigated in eight women with pre-exiting diabetes (16). 

The aim of the current study was to explore the impact of tight BP control of pregnancy-induced 

hypertension on fetal growth and hemodynamics in women with pre-existing diabetes. 

Methods

Study design

A prospective observational cohort study of consecutive pregnant women with pre-existing diabetes 

where tight BP control was implemented and fetal growth was assessed by ultrasound at 27, 33 and 

36 weeks. The cohort was stratified according to anti-hypertensive treatment given for pregnancy-

induced hypertensive disorders or not, with those having chronic hypertension in a separate group. 

Fetal hemodynamics were evaluated with Doppler before and 1-2 weeks after onset of anti-

hypertensive treatment.

Study population

All consecutive pregnant women with pre-existing diabetes were included from two referral centers 

in Denmark between September 2015 and February 2018. Inclusion criteria were: pre-existing 

diabetes and a singleton pregnancy before 20 weeks. Exclusion criteria were: age <18 years, 

concomitant severe medical diseases (n=11), insufficient Danish language skills, and recurrent 

pregnancy in the inclusion period. 

Of the 393 eligible women, 305 (78%) women accepted to participate. Subsequently, 58 women 

were excluded due to abortion (n=18), moving out of uptake area (n=1) or withdrawn consent 

(n=39), leaving 247 women in the cohort (figure 1).
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Routine diabetes and pregnancy care

Office BP, glycemic control, body weight and presence of proteinuria on a sterile urine dipstick 

were registered at routine diabetes visits every second week. At baseline albumin /creatinine ratio 

was measured in all women. Obstetric visits occurred at 8, 12, 20, 27, 33 and 36 weeks and weekly 

thereafter. Antenatal diabetes care was given according to the Danish National guidelines (17), 

mainly as previously described (7, 18, 19). 

The anti-hypertensive treatment strategy

In addition to office BP measurements every second week the women were advised to measure 

home BP if office BP was ≥135 mmHg systolic and/or ≥85 mmHg diastolic and to bring home BP 

recordings to every pregnancy visit thereafter. Anti-hypertensive treatment was initiated or titrated 

if office BP ≥135 mmHg systolic and/or ≥85 mmHg diastolic and home BP ≥130 mmHg systolic 

and/or ≥80 mmHg diastolic or albumin creatinine ratio >300 mg/g. Anti-hypertensive treatment 

could also be initiated based on office BP measurements only, on the local obstetrician’s decision, 

mainly during hospital admission and delivery (19). Methyldopa was the primary anti-hypertensive 

agent used, with labetalol and slow-release nifedipine added when necessary. Women already on 

antihypertensive treatment prior to pregnancy were changed to methyldopa. 

Prophylactic aspirin treatment was recommended from 10-12 weeks until 36-37 weeks to women 

with additional risk factors for development of preeclampsia, i.e. a history of preeclampsia in a 

previous pregnancy, kidney involvement (defined as microalbuminuria or diabetic nephropathy) or 

chronic hypertension. Until January 2017 75 mg/day was used, while 150 mg/day was 

recommended thereafter. 

Definitions of hypertensive disorders

Pregnancy-induced hypertensive disorders: Development of hypertension defined as office BP ≥140 

mmHg systolic and/or ≥90 mmHg diastolic measured at least twice with four hours apart after 20 

weeks (20). When available, home BP ≥135 mmHg systolic and/or ≥85 mmHg diastolic excluded 

white coat hypertension (19). Pregnancy-induced hypertensive disorders include preeclampsia and 

gestational hypertension, defined according to international guidelines (20).
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In women with prior kidney involvement, preeclampsia was defined as above, and included an 

increase in either systolic or diastolic BP of ≥15%, regardless of changes in the degree of 

proteinuria. The diagnosis of preeclampsia or gestational hypertension was evaluated by MV and 

the senior obstetrician PD. 

Categorizing of women according to anti-hypertensive treatment during pregnancy

The women were categorized into three groups. The initially normotensive women were divided in 

those initiating anti-hypertensive treatment for pregnancy-induced hypertensive disorders (PI-HT 

group) and women remaining normotensive throughout pregnancy and not receiving treatment  

(normotensive group). The chronic-HT group consisted of women with chronic hypertension 

diagnosed before or in early pregnancy (<20 weeks) and included women with kidney involvement 

regardless of BP level (figure 1). 

Fetal biometric measurements

Fetal biometrics at 27, 33 and 36 weeks (±1 week) were obtained. Head circumference, abdominal 

circumference and femur length were used to estimate the fetal weight (21). Estimated fetal weight 

deviation was given as percent deviation from the mean of a normal population adjusted for 

gestational age (21) An estimated fetal weight deviation of minus 15% corresponds to the 10th 

percentile and minus 22% corresponds to 2 standard deviations (SD) under the mean or the 2.3th 

percentile. The SD-score adjusted for gestational age (22) was recorded for the individual measures.

Fetal hemodynamic measurements

In women who initiated anti-hypertensive treatment Doppler evaluation before and 1-2 weeks after 

initiation of anti-hypertensive treatment between 27 and 36 weeks was performed in 45% (14 out of 

31) of the eligible women by a fetal medicine specialist. Hereof the majority (n=13) had developed 

PI-HT, while one women initiated treatment for chronic-HT (figure 1). Non-attendance was mainly 

due to challenges in organizing the Doppler examinations before initiation of anti-hypertensive 

treatment. Two women delivered before the second Doppler examination, leaving 12 women with 

both ultrasound examinations available. The pulsatility index of the uterine, umbilical and middle 

cerebral arteries and the ductus venosus was measured and given as an SD-score adjusted for 

gestational age (23). For the uterine artery the mean value of the two arteries was used. Pulsatility 

index of the umbilical artery is primarily an estimation of the vascular resistance in placenta and 
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high values denote impaired flow to the fetus. In case of increased placental resistance with 

impaired oxygenation of the fetal blood, compensatory mechanisms in the flow to the fetal brain 

will occur to ensure a sufficient oxygen supply to the brain and the pulsatility index of the middle 

cerebral artery will drop. The cerebro-placental ratio was calculated as the ratio of the pulsatility 

index of the middle cerebral artery and the umbilical artery and given as an SD-score with a low 

cerebro-placental ratio reflecting fetal redistribution (24). 

Definitions of maternal and neonatal outcomes

Preterm delivery was delivery <37 weeks. Infant birth weight SD-score was defined as the deviation 

from the mean of a Nordic population, corrected for gestational age and gender (25). SGA and large 

for gestational age (LGA) were defined as birth weight ≤10th percentile and ≥90th percentile, 

respectively (25).  

Statistical analysis

Data was given as mean ± SD or number (%), non-normally distributed continuous data as median 

(interquartile range). The PI-HT group and the chronic-HT group were compared to the 

normotensive group, respectively. Skewed data were logarithmically transformed before Student’s t 

test was used. Categorical variables were analyzed by χ2-test or Fisher’s exact test, where 

appropriate. 

Taking changes in the fetal growth rate during pregnancy and the ability to adjust for growth 

deviations prior to onset of antihypertensive treatment into account a linear mixed model was built 

on the longitudinal fetal growth data to assess whether anti-hypertensive treatment influenced fetal 

growth. Estimated fetal weight deviation was the outcome measure and anti-hypertensive treatment 

(yes/no) at week 27, 33 and 36 was the exposure measure. Correction for repeated measurements 

was not performed because there were only three measurements over time.

Due to the explorative nature of the study no formal power calculations were performed.

Statistical analyses were performed using SPSS Statistics 22.0, except for the linear mixed model, 

which was performed using SAS Enterprise Guide 7.1. A two-sided p value <0.05 was considered 

significant.
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The protocol was in accordance with the Helsinki declaration and approved by the local ethical 

committee (H-15019186) and the local data agency (2012-58-0004, RH-2015-289, I-Suite: 04305), 

ClinicalTrials.gov (ID: NCT02890836). Written informed consent was obtained from all 

participants.

Results

The total cohort consisted of 247 women (152 with type 1 diabetes and 95 with type 2 diabetes) 

(table 1). Among 215 women, who were initially normotensive, the majority (n=173) were left 

untreated (normotensive group) while anti-hypertensive treatment for pregnancy-induced 

hypertensive disorders was initiated in 20% (PI-HT group, n=42) (figure 1, table 1 and table 2). 

Thirteen women in the normotensive group developed pregnancy-induced hypertensive disorders 

without being treated with anti-hypertensive treatment. The chronic-HT group consisted of 32 

women. 

 

HbA1c in early pregnancy was comparable between the three groups (table 1). Women in the PI-HT 

group were more often nulliparous (p=0.006) and characterized in early pregnancy by higher office 

systolic BP (p <0.001), office diastolic BP (p <0.001) and home diastolic BP (p=0.037) compared 

to the normotensive group (table 1). 

In the PI-HT group, anti-hypertensive treatment was initiated at 34 weeks +5 days (32 weeks +1 

day-36 weeks) and given for a period of 2 weeks +2 days (1-5 weeks). At onset of anti-hypertensive 

treatment office BP was 140 ±12/91 ±5 mmHg (table 2). At 36 weeks the BP was significantly 

higher in the PI-HT group than in the normotensive group (136 ±16/87 ±7 mmHg versus 119 

±10/77 ±7 mmHg (p <0.001/0.001)) (table 2). 

The percentage of women on anti-hypertensive treatment gradually increased from 27 to 36 weeks 

(figure 2). At 27 weeks 2% (1/41) women in the PI-HT group received anti-hypertensive treatment 

with 34% (14/41) at 33 weeks and 77% (30/39) at 36 weeks (figure 2 and table 3). Initiation of anti-

hypertensive treatment for pregnancy-induced hypertensive disorders was not associated with 
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estimated fetal growth deviation (p=0.681) when evaluated in the linear mixed model of fetal 

growth including the 215 initially normotensive women.

The mean estimated fetal weight deviation in the PI-HT group in comparison to the normotensive 

group was -1.96 ±11% vs. -0.43 ±10%, p=0.386 at 28 weeks; 1.5 ±14 % versus. 5.5 ±13%, p=0.087 

at 33 weeks and 3.7 ±15% versus 8.37 ±15%, p=0.056 at 36 weeks, respectively (figure 2 and table 

3). At delivery the mean birthweight SD-score was 0.57 ±1.8 versus 1.00 ±1.4, p=0.085 (table 2). 

At 27 weeks, mainly before onset of anti-hypertensive treatment in the PI-HT group, the prevalence 

of SGA fetuses was 12% compared to 4% in the normotensive group (p=0.054). These numbers 

were close to the prevalence of SGA infants at delivery (17% versus 4%, p=0.003) (table 2 and 3). 

The prevalence of SGA infants in the PI-HT group and chronic-HT group was comparable despite a 

large difference in the duration of anti-hypertensive treatment during pregnancy (table 2). 

In the subgroup of 12 women (eight with type 1 diabetes) where Doppler examinations before and 1 

week +2 days (1 week -1 week +5 days) after initiation of anti-hypertensive treatment were 

performed (table 4), baseline characteristics including maternal age as well as HbA1c in early and 

late pregnancy and pregnancy outcome were comparable to the total cohort of women (data not 

shown). Significant reduction in BP was obtained during treatment (table 4). SD-scores of 

pulsatility index in the uterine, umbilical and middle cerebral arteries and the ductus venosus as 

well as the cerebroplacental ratio remained stable after onset of treatment (table 4).

During pregnancy, mild side effects were reported in four (5%) of the 74 women receiving anti-

hypertensive treatment.

Discussion

In this prospective cohort of pregnant women with pre-existing diabetes initiation of anti-

hypertensive treatment for pregnancy-induced hypertensive disorders was not associated with fetal 

growth deviation or compromised fetal hemodynamics. Impaired fetal growth tended to be more 

prevalent already before initiation of anti-hypertensive treatment when compared to women 

remaining normotensive. 
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Our study is the first estimating the impact of anti-hypertensive treatment on fetal growth deviations 

using repeated fetal growth evaluations in women with diabetes. The findings of stable fetal 

Doppler parameters after initiation of anti-hypertensive treatment supports our previous findings of 

stable Doppler parameters in eight women with diabetes (16) and are in line with findings of stable 

fetal Doppler parameters after onset of anti-hypertensive treatment in the pregnant population 

without diabetes (12-15). However, it is a limitation, that we only have these fetal Doppler 

parameters on a small number of women.

The prevalence of SGA infants tended to be higher in women with chronic hypertension. The 

tendency towards a higher prevalence of SGA fetuses already prior to initiation of anti-hypertensive 

treatment for pregnancy-induced hypertensive disorders suggests that it is probably the hypertensive 

disorder per se rather than the anti-hypertensive treatment that induces the increased number of 

SGA infants. 

In the women with chronic and those developing hypertension the mean estimated fetal weight 

deviation and the prevalence of SGA infants were at the same level despite a much longer duration 

of treatment in women with chronic hypertension. This also supports that the hypertensive disorder 

per se, and not the anti-hypertensive treatment, increases the risk of impaired fetal growth. 

However, numbers are small and statistical analysis was not performed. 

In women without diabetes a large RCTs demonstrated that tight treatment of mild hypertension is 

associated with a lower incidence of severe hypertension without impact on the prevalence of SGA 

infants or neonatal outcomes (3). In a post hoc analysis, the use of methyldopa was related to more 

appropriate fetal growth than labetalol (26). Our study includes methyldopa as the first line drug 

and whether the use of labetalol have resulted in different findings remains speculative. Although 

the women were not specifically questioned regarding tiredness and dizziness (27), it is reassuring 

that a low rate of side effects to the anti-hypertensive treatment was reported by the women. 

A strength of the current study is the prospective design representing real world data with serial 

fetal growth assessments in a cohort of women with diabetes given that RCTs are not available. 

Furthermore tight anti-hypertensive treatment was given based on a protocol including both office 

BP and home BP measurements, to secure that white coat hypertension was left untreated in 

accordance with international guidelines (20, 28). Further chronic hypertension including kidney 
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involvement was assessed separately given the higher prevalence of SGA infants regardless of anti-

hypertensive treatment in these pregnancies (7, 29). 

The linear mixed model takes advantages of the serial measurements of fetal growth and time of 

onset of anti-hypertensive treatment but has some limitations due to the relatively small number of 

women initiating treatment for a relative short time. In addition, duration of treatment was not 

included in the model. Furthermore, a relatively short follow up time was used when evaluating the 

possible changes in fetal hemodynamics after onset of anti-hypertensive treatment, but the actions 

of methyldopa are known to occur within hours of treatment (30), and a significant reduction in 

diastolic BP was documented without measurable changes in maternal or fetal hemodynamics. 

The findings of this explorative study are reassuring and RCTs investigating the efficacy and safety 

of tight antihypertensive control in pregnant women with diabetes are warranted. 

Conclusion

There is no clear indication that antihypertensive treatment causes harm in this particular at-high-

risk group of pregnant women with diabetes, such that a larger well-designed study to determine the 

value of tight antihypertensive treatment would be worthwhile.
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Table 1: Baseline characteristics in 247 pregnant women with pre-existing diabetes categorized 

according to development of pregnancy induced hypertensive disorders and treated with 

antihypertensive treatment (PI-HT group) or not (normotensive group) and presence of chronic 

hypertension (chronic-HT group)

Normotensive 

group

n=173

PI-HT 

group

n=42

Chronic HT 

group

n=32

p-value 

between 

PI-HT 

and 

normo-

tensive

p-value 

between 

chronic- 

HT and 

normo-

tensive

Type 1/ type 2 

diabetes

110(64)/63(36) 27(64)/15(36) 13(41)/19(59) 0.988 0.015

Maternal age (years) 32±6 31±5 34±5 0.394 0.054

North-European 

origin 

136 (79) 34 (81) 26 (81) 0.580 0.496

Smoking 10 (6) 2 (5) 7 (22) 1.000 0.010

Kidney involvement

   Microalbuminuria

   Nephropathy

- - 8 (25)

5 

3 

- -

Nulliparous 82 (47) 30 (71) 20 (63) 0.006 0.117

Gestational age 

(week +days)

10+1

(8+5-12+5)

10+1 

(8+3-12+2)

9+4 

(8+4-13+2)

0.891 0.611

Pre-pregnancy 

weight (kg)

74 (65-87) 84 (64-104) 92 (74-108) 0.074 <0.001

Pre-pregnancy BMI 

(kg/m2)

26.3 (22.7-

31.4)

28.8 (23.4-

35.9)

34.4 (26.1-

36.8)

0.062 <0.001

HbA1c (mmol/mol)/

HbA1c (%)

49±11

6.6

49±9

6.6                     

51±12

6.8

0.847 0.471

Office systolic BP 

(mmHg)

118±10 126±11 130±13 <0.001 -
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Office diastolic BP 

(mmHg)

74±7 80±8 84±10 <0.001 -

Home systolic BP 

(mmHg)

109±14 114±8 126±9 0.103 -

Home diastolic BP 

(mmHg)

67±9 71±6 77±7 0.037 -

Data is given as mean ±SD (standard deviation), as median (interquantile range) or as number (%).  HT: hypertension, 

BMI: Body mass index, HbA1c: Hemoglobin A1c and BP: Blood pressure.

Table 2: Maternal characteristics in late pregnancy and pregnancy outcome in 247 women with pre-

existing diabetes divided according to development of pregnancy-induced hypertensive disorders 

and treated with antihypertensive drugs (PI-HT group) or not (normotensive group) and presence of 

chronic hypertension (chronic-HT group)

Normotensive

group

 n=173

PI-HT

group

n=42

Chronic-HT

group

n=32

p-value 

between 

PI-HT and 

normo-

tensive

p-value 

between 

chronic-

HT and 

normo-

tensive

Gestational age at 

initiation of AH treatment 

(week + days)

-
34+5 (32+1-

36+0)

Before 

pregnancy 

(before-16+5)

- -

Treatment duration (days) - 16 (7-35) 237 (149-262) - -

Office BP at initiation of 

AH treatment (mmHg)a
- 140±12/91±5 142±18/88±9 - -

Home BP at initiation of 

AH treatment (mmHg)b
- 136±12/88±6 129±4/82±5 - -

Office BP at 36 weeks 

(mmHg)
119±10/77±7 136±16/87±7 128±14/83±8

<0.001/ 

<0.001

<0.001/

<0.001
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Home BP at 36 weeks 

(mmHg)c
116±9/75±6 130±8/84±6 126±11/77±8

<0.001/

<0.001

<0.001/

0.136

HbA1c at 36 weeks 

(mmol/mol)/

HbA1c at 36 weeks (%)d

43±6

6.1

44±6

6.2

40±5

5.8

0.128 0.026

Preeclampsia 4 (2) 16 (38) 9 (28) <0.001 <0.001

Gestational weight gain 

(g/week)

359±175 420±164 269±215 0.063 0.022

Gestational age at delivery 

(week +days)

37+6 

(37+1-38+3)

37+1 

(36+3 -37+3)

37+2 

(36+1-38+2)

<0.001 0.031

Preterm delivery <37 

weeks

39 (23) 16 (38) 14 (44) 0.038 0.012

Birth weight (g) 3447±559 3174±727 2919±717 0.008 <0.001

Birthweight SD-score 1.00±1.4 0.57±1.8 0.02±1.5 0.085 <0.001

Small for gestational age 7 (4) 7 (17) 6 (19) 0.003 0.007

Large for gestational age 68 (39) 13 (31) 5 (16) 0.205 0.010

Placental weight (g) 713±166 666±195 604±179 0.122 0.001

Data is given as mean ±SD, as median (interquartile range) or as number (%). HT: hypertension, AH: antihypertensive, 

BP: blood pressure, GWG: gestational weight gain, SD: standard deviation.

aData is available in 37 in the PI-HT group and in 10 in the chronic-HT group. bBased on 31 women in the PI-HT group 

and on 7 women with chronic-HT who initiated antihypertensive treatment during pregnancy. c Data is available in 124, 

35 and 19 in the normotensive, PI-HT and chronic-HT groups, respectively. dData is available in 157, 35 and 23 in the 

normotensive, PI-HT and chronic-HT group.

Table 3: Fetal biometrics in 247 pregnant women with pre-existing diabetes categorized according 

to development of pregnancy-induced hypertensive disorders and treated with antihypertensive 

drugs (PI-HT group) or not (normotensive group) and presence of chronic hypertension (chronic-

HT group).

Normotensive

group

 n=173

PI-HT

group 

n=42

Chronic-HT

group

 n=32

p-value 

between 

PI-HT and 

normotensive

p-value 

between 

chronic-HT 

and 
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normotensive

27 weeks

Number* 173 (100) 41 (98) 31 (97)

On AH 

treatment

0 (0) 1 (2) 25 (81) - -

HC SD-score 0.13±0.95 -0.17±0.91 -0.19±0.95 0.065 0.086

AC SD-score 0.34±1.03 0.23±1.10 0.24±1.06 0.574 0.620

EFW (g) 1153±151 1148±168 1120±113 0.860 0.242

EFWD (%) -0.43±10 -1.96±11 -2.84±10 0.386 0.216

EFW <10th 

percentile

7 (4) 5 (12) 2 (6) 0.054 0.651

33 weeks

Number* 169 (98) 41 (98) 30 (94)

On AH 

treatment

0 (0) 14 (34) 25 (83) - -

HC SD-score 0.29±1.00 0.03±1.05 0.15±1.09 0.140 0.478

AC SD-score 1.20±1.29 0.85±1.30 0.83±1.14 0.199 0.144

EFW (g) 2341±320 2274±310 2237±263 0.230 0.095

EFWD (%) 5.5±13 1.5±14 0.5±12 0.087 0.058

EFW <10th 

percentile

7 (4) 5 (13) 2 (7) 0.061 0.641

36 weeks

Number* 154 (89) 39 (93) 26 (81)

On AH 

treatment

0 (0) 30 (77) 26 (100) - -

HC SD-score 0.35±1.05 0.015±1.19 0.06±0.99 0.088 0.193

AC SD-score 1.69±1.25 1.31±1.34 0.91±1.30 0.097 0.004

EFW (g) 3100±355 2930±432 2843±388 0.012 0.001

EFWD (%) 8.37±15 3.7±15 0.60±13 0.056 0.005

EFW <10th 

percentile

3 (2) 3 (8) 2 (7) 0.098 0.216

Data is given as mean (±standard deviation (SD)), median (interquartile range) or number (%). 
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AC: abdominal circumference, AH treatment: antihypertensive treatment, EFW: estimated fetal weight, EFWD: 

estimated fetal weight deviation from the mean, FL: femur length, HC: head circumference. 

*One woman in the PI-HT group and one in the chronic-HT group did not reach the ultrasound at 27 weeks, further one 

wom

en in 

the 

chro

nic-

HT 

grou

p did 

not 

reac

h the 

ultra

soun

d at 

33 

week

s and  

two 

wom

en in 

the 

PI-

HT group and four women in the chronic HT group  did not reach the ultrasound at 36 weeks due to preterm delivery.

Estimated fetal weight deviation was given as percent deviation from the mean of a normal population adjusted for 

gestational age (21) An estimated fetal weight deviation of minus 15% corresponds to the 10th percentile and minus 

22% corresponds to 2 standard deviations (SD) under the mean or the 2.3th percentile. The SD-score adjusted for 

gestational age (22) was recorded for the individual measures.

Table 4. Clinical characteristics, fetal biometrics and Doppler flow parameters before and 9 (7-12) 

days after initiation of antihypertensive treatment in 12 pregnant women with pre-existing diabetes.

Before 

antihypertensive 

treatment 

During 

antihypertensive 

treatment

p-value

Gestational age (week +days) 33+0  

(31+3 -34+4)

34 +1 

(32+4-35+5)

-

Office systolic BP (mmHg) 138±10 133±9 0.125

Office diastolic BP (mmHg) 90±4 87±7 0.037

Home systolic BP (mmHg) 132±13 127±7 0.146

Home diastolic BP (mmHg) 87±5 82±7 0.037

AH-treatment and median dose

- Methyldopa only (n, (mg/day))

- Nifedipine only (n, (mg/day))

- 11 (750 (563-938))

1 (30)

-

Umbilical artery PI SD-score 0.35 (-0.78-1.32) 0.17 (-0.82-1.34) 0.941

Middle cerebral artery PI SD-score -1.30 (-1.72-0.19) -0.62 (-1.32-1.34) 0.799

Cerebro-placental ratio SD-score -0.50 (-2.46-0.12) -0.50 (-1.21-0.13) 0.678

Ductus venosus PI SD-scorea 0.10 (-1.42-0.56) -0.79 (-1.41-0.29) 0.093

Mean uterine artery SD-scorea -0.10 (-0.98-1.36) 0.03 (-0.99-0.22) 0.889
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Data is given as mean (±SD), as median (interquartile range) or as number. BP: Blood pressure, AH-treatment: 

antihypertensive treatment, PI: Pulsatility index, SD: standard deviation. aData is available in 7/12 women. 
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