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Stiffness of the arterial wall, joints and skin in women with a
history of pre-eclampsia
Ayten Elvan-Taşpınara, Michiel L. Botsb, Arie Franxa,d, Hein W. Bruinsea and
Raoul H.H. Engelbertc

Objective The epidemiology of pre-eclampsia suggests a

constitutional component for the disorder. We have

recently shown an association for blood pressure (BP) with

stiffness of joints and skin in adolescents, suggesting that

constitutionally determined stiffness of body tissues is

associated with blood pressure. Therefore, we compared

stiffness of the arterial wall, joints and skin between

women with a history of pre-eclampsia and women with an

uncomplicated pregnancy.

Design Cases were 44 women with a history of early onset

pre-eclampsia and controls were 46 women with a history

of uncomplicated pregnancy. Arterial stiffness was

determined non-invasively with pulse wave velocity

measurement. As a measure of capsule and ligament

stiffness, the active range of motion of various joints was

measured. Skin stiffness was measured using a tissue

compliance meter. Analysis of variance (ANOVA) multiple

comparison tests were used for comparison of the study

groups. Linear regression models were used to determine

the associations between stiffness parameters and

possible confounders.

Results For the cases, body mass index (BMI) was

significantly higher and age and parity were significantly

lower. BP was significantly higher for the cases. Stiffness

of the arterial wall, joints and skin were significantly higher.

After adjustment for mean arterial pressure, stiffness of

the joints and skin were significantly higher, but no

difference remained for arterial stiffness.

ConclusionsWomen with a history of pre-eclampsia had a

significantly higher stiffness of the arterial wall, joints and

skin compared with controls. This suggests a

constitutionally determined stiffness of connective tissues

in former pre-eclamptic cases. J Hypertens 23:147–151 &
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Introduction
Pre-eclampsia is a disorder complicating 2 to 5% of all

pregnancies [1]. It is commonly defined as hypertension

and proteinuria occurring after the 20th week of gesta-

tion in a previously normotensive woman [1]. The past

10 years have witnessed a dramatic increase in the

understanding of pre-eclampsia as a complex multi-

system disorder. It is widely accepted that inadequate

placentation plays a key role in the development of

pre-eclampsia. Inadequate remodelling of the spiral

arteries that perfuse the placenta results in placental

ischemia. The diverse pathophysiologic changes of the

maternal syndrome of pre-eclampsia can be explained

by a generalized endothelial dysfunction [1]. The link

between the reduced perfusion of the placenta and the

maternal syndrome still remains unknown.

The epidemiology of pre-eclampsia suggests a genetic

or constitutional component for the disorder. The risk

of recurrence of pre-eclampsia in subsequent pregnan-

cies, the association of risk between sisters and the

increased occurrence of pre-eclampsia in daughters of

mothers who had pre-eclampsia support the role of an

inherited susceptibility in the maternal genes [2,3].

Several medical conditions such as hypertension, dia-

betes and collagen vascular disease increase the risk of

pre-eclampsia [4,5]. Interestingly, these conditions also

predispose to cardiovascular disease in later life [6–8].

In accordance, recent studies have shown that women

with a history of pre-eclampsia have an increased risk

of future hypertension and cardiovascular disease [9–

11]. It has been shown that even a modest elevation in

blood pressure (BP) is associated with a substantial rise

in cardiovascular risk [12]. An increase in BP is an

important determinant of arterial wall stiffness [13]. On

the other hand, arterial stiffness may precede manifest

hypertension [14]. The latter may be mediated by

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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alterations in the extracellular matrix of the arterial

wall. Collagen is an important constituent of extracel-

lular matrix and present in connective tissues and

arterial walls [15,16]. Brull et al. reported an association

between collagen gene polymorphism and arterial stiff-

ness [17]. Our group has recently shown an association

for BP with stiffness indicators of joints and skin in

healthy children and adolescents, suggesting that con-

stitutionally determined stiffness of body tissues is

associated with higher BP levels [18,19]. This

prompted us to compare BP, stiffness of the arterial

wall, joints and skin between women with a history of

pre-eclampsia and women with a history of uncompli-

cated pregnancy. We hypothesized that women with a

history of pre-eclampsia have a higher stiffness of the

arterial wall, joints and skin.

Methods
Study population

The cases were 44 women with a history of early onset

pre-eclampsia, recruited from the obstetrics outpatient

clinic of the University Medical Centre Utrecht,

Utrecht, Netherlands. Pre-eclampsia was defined as de
novo appearance of hypertension (systolic BP (SBP)

of > 140 mmHg or diastolic BP (DBP) of > 90 mmHg)

with proteinuria (> 0.3g/24 h) in the second half of

pregnancy [1]. All women had an onset of pre-eclamp-

sia before 34 weeks of pregnancy and were only in-

cluded when early onset pre-eclampsia occurred in

their first pregnancy per se. All women were at least

4 months postpartum and normotensive at the time of

the study.

As controls, 46 consecutive women with a history of

uncomplicated pregnancy with normal course and out-

come were recruited from the low-risk outpatient clinic

of the University Medical Centre, Utrecht. These

women too were all at least 4 months postpartum at the

time of the study. None of these women had a history

of cardiovascular disease, diabetes mellitus, chronic

hypertension, hypertensive disorders or fetal growth

restriction in pregnancy.

None of the women in the cases and control group used

medication affecting BP.

At regular testing in the course of pregnancy, haemo-

globin and glucose levels had been within the normal

range for all women in both groups. Age, actual weight,

height, parity and BP were recorded for all women.

Approval for the study was obtained from the Institu-

tional Review Board of the hospital and written in-

formed consent was obtained from all women before

enrolment.

Measurements of BP and arterial stiffness

The measurements were performed after a period of

rest of at least 10 min. During the measurements, the

patients did not move or speak. Subjects refrained from

caffeine on the day of the study. Auscultatory Riva-

Rocci-Korotkoff (RRK) measurements were performed

with a calibrated standard mercury sphygmoman-

ometer. SBP was defined by the first Korotkoff sound

and DBP was defined by the fifth Korotkoff sound.

Mean arterial pressure (MAP) was defined as

(SBP + 2 3 DBP)/3 and pulse pressure (PP) was de-

fined as SBP minus DBP. PP is considered a measure

for arterial stiffness [20].

As a measure for large artery stiffness, pulse wave

velocity (PWV) was determined non-invasively in the

carotid-femoral segment using the SphygmoCor device

(PWV Medical, Sydney, Australia), which involves the

applanation tonometry technique developed by

O’Rourke et al. [20–22]. PWV was determined by

sequential acquisition of pressure waveforms from the

carotid and the femoral artery. The timing of these

waveforms was compared with that of the R-wave on

the simultaneously recorded electrocardiogram [20].

The time delay was measured automatically by the

computer software. The distance travelled by the pulse

wave between the carotid artery and the femoral artery

was measured in a straight line using pair of compasses

to reduce the influence of body contours. The proximal

distance was measured from the sternal notch to the

sampling site on the carotid artery and the distal

distance was measured from the sternal notch to the

sampling site on the femoral artery. The carotid to

femoral path length was estimated by subtracting the

proximal from the distal distance. Pulse wave velocity

was then calculated as the ratio of the distance travelled

by the pulse wave and the foot-to-foot time delay

between the pulse waves and expressed in metres per

second [20,22]. PWV varies with respiration as respira-

tion modifies the intra-thoracic pressure, the vessel wall

tensions and thus the arterial blood pressure. There-

fore, the average of 10 successive measurements was

used in the analyses to cover a complete respiratory

cycle. This procedure was repeated three times per

subject and the average PWV value was used for

analysis. The same observer (A.E.T.) performed all

measurements. To evaluate the observer’s reproducibil-

ity of PWV we performed PWV measurements at two

separate occasions in 18 women. The intraclass correla-

tion coefficient of duplicate measurements for PWV

was 0.94.

Measurements of joint and skin stiffness

As a measure of capsule and ligament stiffness, the

active range of joint motion of the shoulder (ante

flexion), elbow (flexion and extension), wrist (palmar

and dorsal flexion), metacarpo-phalangeal joint (flexion

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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and extension), hip (flexion), knee (flexion and exten-

sion) and ankle (plantar and dorsal extension) were

measured bilaterally to the nearest 58. The measure-

ments were performed with a standard two-legged 360

degrees goniometer, using the ‘anatomical landmark’

method [23]. The women were asked to actively stretch

or bend the joint maximally without interference by

the investigator. No significant differences were found

between the joint motion measurements of the left and

right extremities, therefore the mean range of motion

was calculated for each of the six joints. The total range

of motion is the sum of all joint motion measurements

and expressed in degrees. To evaluate the observer’s

reproducibility of joint motion measurements, the range

of joint motion was measured at two separate occasions

in six women regarding 84 joints. The intraclass

correlation coefficient of duplicate measurements for

joint motion was 0.90.

As a measure of skin stiffness, skin extensibility was

measured bilaterally at the ventral part of the forearm

and at the medial part of the upper leg using a vacuum

tissue compliance meter [18,19,24]. The amount of skin

displacement was indicated in millimetres using a

standard negative pressure of 10 kPa. The total skin

extensibility is the sum of all the skin measurements

and expressed in millimetres. The reliability of this

instrument was previously shown to be high [24].

Preceding the present study, the observer’s reproduci-

bility was determined in 10 women. The intraclass

correlation coefficient of duplicate measurements for

skin extensibility was 0.85.

A validated questionnaire provided information about

the physical activity level [25]. The commuting traffic

activities, leisure time activity, household activities and

activity at work were taken into account. Activities

were classified into three intensity categories with the

help of Ainsworth’s compendium of physical activity

[26].

Statistical analysis

For comparison of the characteristics between the study

group’s analysis of variance (ANOVA) multiple com-

parisons tests were used. To account for large differ-

ences in distributions and ranges between the various

measurement locations for skin extensibility and joint

motion, individual Z-scores of measurements at each

location were calculated [Z-score ¼ (observed value

�mean value)/SD]. Subsequently, mean Z-scores were

calculated for each participant and used for further

analysis. Data were expressed as mean � SD or per-

centage.

Linear regression models were used to determine the

associations between PWV, PP, joint motion and skin

extensibility with possible confounders. As possible

confounders we considered age, body mass index,

parity, mean arterial pressure, time interval between

pregnancy and testing and total physical activity. Linear

regression models were also used for comparison of the

stiffness parameters between the study groups after

adjustment for age, body mass index (BMI) and parity.

Data were expressed as mean � SE.

There is a strong relationship between PWV and BP

[13,20]. Mean arterial pressure is the preferred measure

to use for BP correction, because MAP is assumed to

be constant throughout the arterial tree [20]. Finally,

we adjusted for MAP in linear regression models. P
values , 0.05 were considered to indicate statistical

significance.

Results
The baseline characteristics of the two study groups are

shown in Table 1. There were no significant differ-

ences for height, heart rate, time interval between

pregnancy and testing and physical activity. The wo-

men with a history of pre-eclampsia had significantly

higher body mass index and were significantly younger

than women in the control group. The pre-eclampsia

group contained more primiparae. SBP, DBP, PP and

MAP were significantly higher in the pre-eclampsia

group.

After adjustment for age, BMI and parity, PWV and PP

were significantly higher in the pre-eclampsia group,

and skin extensibility and joint motion were signifi-

cantly lower as shown in Table 2.

In linear regression models significant determinants of

PWV were age (linear regression coefficient 0.055 m/s

per year, P , 0.001) and MAP (0.041 m/s per mmHg,

P , 0.001). Significant determinants of PP were age

(linear regression coefficient �0.35 mmHg per year,

P ¼ 0.027), MAP (0.18 mmHg per mmHg, P ¼ 0.022)

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 1 Baseline characteristics for the study groups. Data are
expressed as mean6 SD, range or percentage

Cases Controls

n 44 46
Age (years) 32.4 � 4.8* 35.1 � 4.1
Body height (cm) 168 � 6 169 � 7
Body weight (kg) 75 � 14* 68 � 12
Body mass index (kg/m2) 26.3 � 4.5* 23.5 � 3.5
Parity . 1 (%) 22.7* 56.5
Time interval between pregnancy and testing
(months)

13 (4–52) 12 (5–46)

Physical activity score 7452 (3215) 6790 (2895)
Systolic blood pressure (mmHg) 121 � 10* 113 � 7
Diastolic blood pressure (mmHg) 77 � 9* 72 � 6
Mean arterial pressure (mmHg) 92 � 9* 86 � 6
Pulse pressure (mmHg) 45 � 7* 40 � 6
Heart rate (beats/min) 65 � 8 64 � 7

*P , 0.05 compared with the controls.
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and parity (�2.5 mmHg per parturition, P ¼ 0.04). Sig-

nificant determinants of joint motion were age (linear

regression coefficient 9.18 per year, P ¼ 0.002) and

MAP (�5.58 per mmHg, P , 0.001). Obesity was not

an independent determinant of joint motion. Skin

extensibility was not associated with the possible con-

founders we considered.

Skin extensibility and joint motion were significantly

associated (linear regression coefficient 15.68/mm,

P ¼ 0.03). Finally, after adjustment for MAP there was

no significant difference between cases and controls for

PWV and PP. Skin extensibility and joint motion were

significantly lower and the MAP adjusted data were

similar to the data as shown in Table 2.

Discussion
In the present study, we found a significantly higher

stiffness of the arterial wall, joints and skin in women

with a history of early onset pre-eclampsia as compared

to women with a history of uncomplicated pregnancy.

This may suggest a constitutionally determined general

stiffness of connective tissues in women with a history

of early onset pre-eclampsia.

Women with a history of pre-eclampsia have an in-

creased risk to develop hypertension and cardiovascular

disease later in life [9–11]. Vascular endothelial func-

tion is impaired in former pre-eclamptic women inde-

pendent of known vascular risk factors [27]. Women

with pre-eclampsia have a higher incidence of familiar

hypertension [11]. Familial patterns of occurrence of

pre-eclampsia strongly support the role of an inherited

susceptibility in the maternal genes [3].

Larkin et al. reported restricted joint mobility in a

diabetic and hypertensive population [28]. Our study

group has shown an association for BP with stiffness of

joints and skin in healthy children and adolescents

suggesting that constitutional stiffness of connective

tissues may be associated with BP levels and eventually

cardiovascular risk [18,19]. Similarities of collagen types

in connective tissue structure of ligaments, tendons,

capsules and arterial walls may explain our findings

with respect to increased stiffness of connective tissue

in women with a history of pre-eclampsia [16].

Arterial stiffness is determined by BP, endothelial func-

tion, vascular tone and connective tissue structure of

the arterial wall. It is well established that hypertension

increases arterial stiffness by inducing several structural

alterations in the arterial wall including hypertrophy

and changes in the extracellular matrix, mainly an

increase in collagen [13,29]. On the other hand, struc-

tural changes in resistance arteries may be due to a

genetically determined property of fibroblasts to prolif-

erate and synthesize collagen [30]. Increased prolifera-

tion of fibroblasts and collagen deposition may be a

pathogenetic factor in hypertension [30]. Moreover,

increased arterial stiffness has been identified as an

antecedent factor of hypertension in a population-based

prospective study, independent of established risk

factors for hypertension [14]. This suggests that geneti-

cally determined stiffness of connective tissue may

increase cardiovascular risk, manifesting as pre-eclamp-

sia in pregnancy and atherosclerosis in later life.

Although our data suggest an increased general stiffness

in former pre-eclamptic cases, confounding mechanisms

may have interfered with these observations. First,

measurements were performed at least 4 months after

delivery and the former pre-eclamptic cases might still

have sub-clinical tissue oedema. Second, it cannot be

excluded that stiffness of joints and skin may be a

temporary consequence of pre-eclampsia, or that other

unknown confounders may play a role.

In summary, we explored stiffness of the arterial wall,

joints and skin in women with a history of early onset

pre-eclampsia and women with a history of uncompli-

cated pregnancy. Stiffness was significantly higher in

women with a history of early onset pre-eclampsia.

This suggests that constitutional stiffness of connective

tissues may be associated with pre-eclampsia and

eventually cardiovascular risk. Future studies of the

changes in the extracellular matrix are needed to

determine the mechanisms involved.
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