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ARTICLE INFO ABSTRACT

Objectives: High plasma creatine kinase (CK) activity is associated with hypertension in the general and pregnant
population. We hypothesize that women with a history of early-onset preeclampsia are prone to hypertension
due to a high CK activity level.

Study design: Nine to 16 years after pregnancy, serum CK activity and blood pressure were measured in 117
women with a history of early-onset preeclampsia and 50 women with a history of an uncomplicated pregnancy.
Main outcome measures: CK activity levels of the two groups were compared using the Mann-Whitney U test. The
association between CK activity and blood pressure was evaluated by means of multivariable regression analysis.
Results: There was no significant difference in median (interquartile range) CK activity between women with a
history of early-onset preeclampsia and an uncomplicated pregnancy (59.00 [47.00-85.00] vs. 58.00
[46.50-75.25], respectively, p = 0.774). The association between CK and systolic blood pressure was significant
in women with a pregnancy history of early-onset preeclampsia (regression coefficient [95% confidence in-
terval]: 0.123 mmHg [0.020-0.226], p = 0.019), and a trend was found for diastolic blood pressure (p = 0.069).
CK and blood pressure were not significantly associated in women with a history of an uncomplicated preg-
nancy.

Conclusions: Median CK did not significantly differ between the two groups. Serum CK activity was significantly
associated with systolic blood pressure in women with a history of early-onset preeclampsia. These data suggest
that CK is not a predominant factor in the increased risk of hypertension in women with a history of early-onset
preeclampsia.
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1. Introduction

Women with a history of preeclampsia have an increased risk of
cardiovascular disease later in life [1,2]. Compared to women with an
uncomplicated pregnancy, women with a history of preeclampsia have
an almost fourfold risk of developing hypertension [3]. Moreover,
cardiovascular events occur 8-10 years earlier than in women without a
history of preeclampsia [3,4]. The risk of cardiovascular events is even
more pronounced in women with early-onset preeclampsia, a condition
that is diagnosed when women with preeclampsia deliver before
34 weeks of gestation [5]. Compared to 25% of the women with late-

onset preeclampsia, 45% of women with early-onset preeclampsia de-
veloped hypertension already within the first years postpartum [6].

Despite these observations, the underlying mechanism of these long-
term cardiovascular effects of preeclampsia still remains unclear.

In both the general and pregnant population, high plasma creatine
kinase (CK) activity is associated with hypertension [7-9]. By facil-
itating vascular contractility and renal sodium retention, the adenosine
tri-phosphate (ATP)-generating enzyme CK contributes to a higher
blood pressure [10]. The different risks of hypertension between ethnic
groups, especially in people of African ancestry, the subgroup known to
have the highest CK activity levels, is considered indicative for the role
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of CK in blood pressure [11,12]. Similarly suggestive for the role of CK
is the racial difference in blood pressure observed during pregnancy.
Women from African ancestry have higher rates of preeclampsia com-
pared to Caucasian women [13], and this higher prevalence of pre-
eclampsia is not completely attributable to the higher rate of chronic
hypertension that is present in that population [14]. Furthermore,
compared to Caucasian women, preeclampsia in women of African
ancestry is more dominated by hypertension than liver enzymes ab-
normalities and a low platelet count [13]. Next to this, the effect of L-
arginine supplementation is indicative for the role of CK in pre-
eclampsia [15]. L-arginine is the precursor of creatine and nitric oxide
(NO). A high CK activity raises the demand for creatine [16] and may
reduce the rate of NO synthesis by lowering the available L-arginine. In
a large randomized controlled trial of women at risk of preeclampsia, L-
arginine supplementation decreased the risk of preeclampsia [15].
Supplementation of L-arginine may shift the vascular tone towards re-
laxation and lower the blood pressure by balancing the relative
shortage of NO due to the high CK activity level. Lastly, ex vivo CK
inhibition reduced vascular contractility of resistance arteries of preg-
nant women [12].

We hypothesize that high CK activity is a continuously present risk
factor for hypertension throughout life, and that hypertension is more
prevalent in women with a history of early-onset preeclampsia by the
mechanism of high CK activity.

In this study, we first investigated whether the serum CK activity
differs between women with a history of early-onset preeclampsia and
women with a history of an uncomplicated pregnancy 9-16 years
postpartum. Secondly, we assessed whether serum CK activity is asso-
ciated with blood pressure in women with a history of early-onset
preeclampsia.

2. Methods
2.1. Study population

This study is a sub study of the Hyprecare cohort, previously de-
scribed in detail [17]. The objective of this study was to assess cardi-
ovascular risk factors and established cardiovascular disease in the fifth
decade of life, in women with a history of early-onset preeclampsia
compared to women with a history of an uncomplicated pregnancy.
Women were studied in this decade of life as it is suggested that
screening in this time period would offer a window of opportunity to
optimize preventive care before established cardiovascular disease have
developed.

In brief, potentially eligible patients from two tertiary medical
centers in the Netherlands were consecutively reviewed based on their
obstetrical medical charts. Women with a medical history of early-onset
preeclampsia were screened and all eligible women were asked to
participate. Based on the International Society for the Study of
Hypertension in Pregnancy 2001 criteria, early-onset preeclampsia was
defined as delivery before 34 weeks’ gestation, blood pressure =140/
90 mmHg and new-onset proteinuria =300mg/24h in a previous
normotensive woman [18].

The early-onset preeclampsia group was matched, based on ma-
ternal age (range * 5years) and date of delivery (range * 1 year),
with a group of women with a history of an uncomplicated pregnancy.
Women were classified as having had an uncomplicated pregnancy
when they gave birth after a normotensive pregnancy with absence of
intrauterine growth restriction between 37 and 42 weeks of gestation.

Exclusion criteria for both women with a history of early-onset
preeclampsia and uncomplicated pregnancy were: blood pressure
measured in first trimester =140/90 mmHg, use of antihypertensive
medication before index pregnancy; diabetes mellitus, gestational dia-
betes, cardiovascular diseases, or the use of cardiovascular related
medication before index pregnancy; multiple pregnancy or congenital
abnormalities in index pregnancy; pregnant at, or the last six months
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before, assessment; breastfeeding at time of assessment; and unreliable
CK assessment due to a hemolytic or lipemic sample.

All participants gave birth between 1998 and 2005. Between 2014
and 2016, all participants that gave written informed consent were
invited to the VU University Medical Center for a cardiovascular risk
assessment. Of the 187 participants in the Hyprecare study, 167 gave
consent to reuse their stored serum for sub-studies. The study was ap-
proved by the medical ethics committee of the VU University Medical
Center in Amsterdam and locally by the hospital board of the Academic
Medical Center Amsterdam (protocol approval: NL38972.029.12; Dutch
trial registration: NTR5297).

2.2. Data collection

Before risk assessment, participants were asked to fill in a ques-
tionnaire in order to obtain information about demographic variables
such as age, ethnicity and education, medical conditions and use of
medication. Blood pressure was measured manually, twice in a sitting
position. The average value of the two blood pressure measurements
was calculated. Body height was measured using a wall-mounted sta-
diometer at 0.5 cm precision and weight was determined using a me-
chanical scale at 0.5 kg precision without shoes in light indoor clothing.
Using a rigid tape-measure, the waist circumference was measured on
uncovered skin at the slimmest point of the waist to the nearest 0.5 cm.

Hypertension was defined as either current use of antihypertensive
medication and/or blood pressure =140/90 mmHg measured at risk
assessment [19]. According to the Adult Treatment Panel III criteria,
metabolic syndrome was diagnosed when three or more of the fol-
lowing characteristics were present: waist circumference > 88 cm, tri-
glyceride levels =1.7 mmol/L, high-density lipoprotein cholesterol <
1.29 mmol/L, blood pressure =130/85 mmHg, and/or fasting glucose
levels =5.7 mmol/L [20].

Venous blood samples were obtained and stored at minus 80 de-
grees Celsius. Total CK activity was analyzed using the stored serum by
the ‘NAC activated’ method using the Cobas C8000 analyzer (Roche
Diagnostics, Almere, the Netherlands) in the Laboratory for Clinical
Chemistry of the VU University Medical Center in Amsterdam. With this
method, total CK activity is indirectly determined by detecting an in-
crease in nicotinamide adenine dinucleotide levels through an increase
in ATP formation. The intra-assay and inter-assay coefficient of varia-
tion for CK were respectively 0.7% and 0.9%.

2.3. Statistical analysis

As this study is a sub study of the existing Hyprecare cohort, no
sample size calculation was performed. Differences in demographic and
clinical characteristic between women with a history of early-onset
preeclampsia and women with an uncomplicated pregnancy were
tested with the unpaired two sample t-test and Chi-square test when
appropriate.

Serum CK activity levels of the two groups were compared using the
Mann-Whitney U test. Differences in systolic blood pressure (SBP) and
diastolic blood pressure (DBP) between women with a history of early-
onset preeclampsia and an uncomplicated pregnancy were evaluated
using the unpaired two sample t-test. Univariable and multivariable
linear regression analyses were used to assess the association between
CK activity and blood pressure in women with a history of early-onset
preeclampsia and in women with a history of an uncomplicated preg-
nancy. Next to this stratified analysis, we evaluated this association in
the whole cohort and we added the interaction term of pregnancy
history and CK.

The following possible confounding variables were investigated
using forward selection: ethnicity (Caucasian or non-Caucasian), age at
time of cardiovascular risk assessment (in years), educational level
(low: no schooling or elementary schooling only, lower vocational
schooling or lower secondary schooling; intermediate: intermediate
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Table 1
Demographic and clinical characteristics of participating women during index
pregnancy and 9-16 years after index pregnancy by type of pregnancy history.

Characteristic Early-onset Uncomplicated p-value
preeclampsia pregnancy
(n=117) (n = 50)
During index pregnancy
Age in years mean * SD 30.8 = 5.0 325 = 4.1 0.041
Primiparous n (%) 90 (76.9) 27 (54.0) 0.003
At time of cardiovascular assessment 9-16 years after index pregnancy
Age in years mean * SD 44.0 = 5.6 46.8 = 4.8 0.002
Ethnicity
Caucasian n (%) 104 (88.9) 44 (88.0) 0.868
Non-Caucasian n (%) 13 (11.1) 6 (12.0)
Educational level 0.068
Low n (%) 28 (23.9) 5 (10.0)
Intermediate n (%) 43 (36.8) 18 (36.0)
High n (%) 45 (38.8) 27 (54.0)
Current n (%) 46 (39.3) 6 (12.0) < 0.001
hypertension
BMI in kg/m? mean + SD 26.6 * 5.2 241 + 3.8 0.002
Metabolic n (%) 20 (17.1) 1(2.0) 0.007
syndrome
Family history of n (%) 81 (69.2) 31 (62.0) 0.286
hypertension
Alcohol use 0.451
No n (%) 42 (35.9) 14 (28.0)
< 14 units per n (%) 73 (62.4) 34 (68.0)
week
=14 units per n (%) 2(1.7) 2(4.0)
week

Abbreviations: n: number; SD: standard deviation; BMI: body mass index.

vocational schooling or intermediate/higher secondary schooling; high:
higher vocational schooling or university), parity (number of previous
deliveries), metabolic syndrome (yes or no) and alcohol consumption
(no, < 14 units per week or =14 units per week). A change-in-estimate
of =10% of the unadjusted exposure-outcome effect was considered
significant confounding.

In all the analyses regarding blood pressure, women that used an-
tihypertensive medication during cardiovascular risk assessment were
excluded.

A p-value < 0.05 was considered statistically significant. Statistical
analyses were performed with SPSS 22 software (IBM Corp, Armonk,
NY).

3. Results
3.1. Study population

Of the 167 participating women, 117 had a history of early-onset
preeclampsia and 50 a history of an uncomplicated pregnancy. In
Table 1 demographic and clinical characteristics are summarized.
Women with a history of early-onset preeclampsia were relatively
younger (p = 0.041) and more often primiparous (p = 0.003) at index
pregnancy. Nine to 16 years after index pregnancy, women with a
history of early-onset preeclampsia were younger (p = 0.002), had a
higher body mass index (BMI) (p = 0.002), more often hypertension
(p < 0.001) and metabolic syndrome (p = 0.007) than the women
with a history of an uncomplicated pregnancy (Table 1).

3.2. Serum CK activity

Median serum CK activity levels did not differ significantly between
women with a history of early-onset preeclampsia and in women with
an uncomplicated pregnancy 9-16 years after index pregnancy (59.00
[interquartile range (IQR) 47.00-85.00] vs. 58.00 [IQR 46.50-75.25],
respectively, p = 0.774).
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Table 2
Association between creatine kinase and blood pressure.
Outcome  Regression 95% confidence  Adjusted for” p-value
coefficient” interval
Early onset preeclampsia (n = 95)
SBP 0.123 (0.020; 0.226) None 0.019
DBP 0.052 (—0.004; 0.108) None 0.069
Uncomplicated pregnancy (n = 50)
SBP 0.011 (—0.060; 0.091) ethnicity, metabolic 0.784
syndrome, alcohol
use
DBP 0.006 (—0.033; 0.044)  metabolic syndrome, 0.776

alcohol use

Abbreviations: n: number; SBP: systolic blood pressure; DPB: diastolic blood
pressure; none: none of the confounders remained significant.

@ Showing regression coefficients of blood pressure in mmHg per 1-unit
serum CK activity (IU/L) increase.

> Adjusted for the confounders identified as significant using forward se-
lection (see methods).

3.3. Association between serum CK activity and blood pressure

Twenty-two subjects, all from the early-onset preeclampsia group,
that used antihypertensive medication were excluded from the analyses
on blood pressure.

Nine to 16 years after the index pregnancy, the mean SBP and DBP
of women with a history of early-onset preeclampsia were 125.2
(SD =+ 18.8) and 81.0 (SD = 10.2) mmHg, respectively. The mean
SBP and DBP of women with a history of an uncomplicated pregnancy
were 114.6 (SD *= 17.2) and 73.3 (SD * 9.5) mmHg, respectively.
Both the mean SBP and mean DBP differed significantly between the
two groups (p = 0.001 and p < 0.001 respectively).

In the pregnancy-history specific analyses, serum CK activity and
SBP were significantly associated in women with a pregnancy history of
early-onset preeclampsia (regression coefficient 0.123 mmHg [95%
confidence interval (CI) 0.020 to 0.226], p = 0.019), but not sig-
nificantly associated in women with a history of an uncomplicated
pregnancy (regression coefficient 0.011 mmHg [95% CI —0.069 to
0.091], p = 0.784) (Table 2). For the association between CK and DBP,
a trend was found in women with a history of early-onset preeclampsia
(regression coefficient 0.052mmHg [95% CI —0.004 to 0.108],
p = 0.069), and no association was found in women with a history of an
uncomplicated pregnancy.

Studying the whole study population, the multivariable analysis
showed a significant association between CK activity and SBP (regres-
sion coefficient 0.071 mmHg [95% CI 0.011 to 0.131], p = 0.020), and
a trend for CK and DBP (regression coefficient 0.025 mmHg [95% CI
—0.006 to 0.055], p = 0.100). However, the test for interaction of CK
and pregnancy history was not significant in the association between
CK and SBP (p = 0.159).

4. Discussion

We found that women with a history of early-onset preeclampsia
and women with a history of an uncomplicated pregnancy, had no
significantly different serum CK activity. Serum CK activity was asso-
ciated with systolic blood pressure 9-16 years postpartum in women
with a history of early-onset preeclampsia. In these women, systolic
blood pressure increased 0.123 mmHg (CI 0.020-0.226, p = 0.019) per
1-unit serum CK activity (IU/L). Likewise, a 100-unit increase in the CK
activity would correspond to a 12.3 mmHg increase in systolic blood
pressure. Putting this into a clinical perspective, a difference of
20 mmHg in systolic blood pressure at age 40-69 years is associated
with a twofold increase in cardiovascular death rate [21].

As described earlier by Sattar et al., pregnancy can be regarded as a
stress test for cardiovascular disease later in life [22]. In line with this
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theory, the hypertension prone nature associated with high CK would
first become apparent during pregnancy as a hypertensive pregnancy
disorder, and later in life in its associated increased risk of hyperten-
sion.

4.1. Strengths and limitations

Serum CK activity was not significantly associated with systolic nor
diastolic blood pressure in women with a history of an uncomplicated
pregnancy. However, this non-significance could be due to the small
sample size of the subgroup. Larger studies are needed to clarify the
association between CK and blood pressure in women with a history of
an uncomplicated pregnancy. The strength of this cohort lies in its large
number of women with a history of early-onset preeclampsia, which is a
relatively rare and severe disease, who underwent cardiovascular risk
assessment in their fifth decade of life.

This cohort mainly concerns Caucasian women (> 80%), which
most likely explains the narrow range of the serum CK activity
(19-4941U/L) compared to two previous multi-ethnic cohorts in the
general population (14-57831U/L and 10-159411U/L) [7,8]. It is
possible that in a multi-ethnic study most likely with a wider range of
CK, a significant difference in CK activity between women with a his-
tory of preeclampsia and a normotensive pregnancy would be found.

Exercise is known to be a common cause of elevated serum CK ac-
tivity levels [23]. In this study, participants were not asked to refrain
from exercise the days prior to blood drawl. Therefore, it cannot be
excluded that the higher CK activity levels found in certain participants
reflects recent muscle damage rather than being a marker of steady
state tissue CK activity.

Regarding blood pressure analyses, excluding women that used
antihypertensive medication results in a more reliable estimate of the
influence of CK on blood pressure. However, not finding an effect of CK
may be the result of excluding the highest blood pressures needing
medical intervention. Furthermore, multiple reports suggests that cor-
rection for BMI leads to an overadjustment of the effect of CK on blood
pressure [9,24,25]. CK is independently associated with BMI and waist-
to-hip ratio [26]. A high CK is considered a reflection of a type II ske-
letal muscle fibre predominance, which is associated with obesity
[27,28]. In this study we did not correct for BMI in the analyses, as BMI
is seen as a mediator and thus in the causal chain of CK and blood
pressure.

The limitations as described by Bokslag et al. [17] also apply to this
sub study. Measuring blood pressure twice during one visit instead of in
multiple visits might have led to higher blood pressures in the study
sample. The response rates were low; 53% in the early-onset pre-
eclampsia group and 26% in the uncomplicated pregnancy group re-
spectively. Hereby, selection bias could have occurred, if assumed that
women with the most severe disease in pregnancy were willing to
participate as they are known to have a higher cardiovascular risk. The
same selection bias could have occurred with the inclusion of women
with a relatively high risk to experience cardiovascular disease.

Inherent to the observational nature of this study, the association
found between CK and blood pressure does not prove causality.
Furthermore, no studies have been performed treating hypertension by
altering the CK metabolism. In other words, this study confirms the
association between CK and blood pressure in women with a history of
early-onset preeclampsia, but evidence supporting the role of CK in the
pathophysiology of hypertension is still lacking.

4.2. Clinical implication

As high CK could pose persistent hypertension burden it could have
a role in identifying women with an increased risk for hypertension and
cardiovascular disease. More frequent blood pressure screening in in-
dividuals with a high serum CK activity could be advocated. However,
its role as a potential predictor has not been addressed in this study.
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Next to this, it is unclear whether this test might add significantly to
blood pressure screening based on obstetric and medical history alone.
Given the fact there was no significant difference in serum CK activity
between women with a history of early-onset preeclampsia and an
uncomplicated pregnancy, we assume that CK will not be a eligible
biomarker.

5. Conclusion

Serum CK activity was not different between women with a history
of early-onset preeclampsia compared to women with history of an
uncomplicated pregnancy. Yet, serum CK activity and systolic blood
pressure 9-16 years postpartum were significantly associated in women
with a history of early-onset preeclampsia.
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