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The correlation between creatine kinase (CK) and blood
pressure (BP) was examined prospectively in 120 patients
with persistent high CK and 130 individuals with normal CK.
Hypertension was defined as systolic BP (SBP) ≥140 mm Hg
or diastolic BP (DBP) ≥90 mm Hg or current use of
antihypertensive medication. Baseline CK was weakly cor-
related with SBP (r=0.11, P=.07) and DBP (r=0.16, P=.01) at
follow-up. Persons with persistent high CK had higher SBP
(140.8 mm Hg vs 138.2 mm Hg) and DBP (83.2 mm Hg vs
81.0 mm Hg, P=.06) values and were more likely to have
hypertension (66.7% vs 55.5%, P=.05) than individuals with

normal CK. In age- and sex-adjusted analysis, a 1-unit
change in logCK was associated with a 4.9-mm Hg higher
SBP, a 3.3-mm Hg higher DBP, and a 2.2-higher odds for
having hypertension at follow-up (P=.1, .07, and .06,
respectively). When including body mass index (BMI) to
the model, BMI was a strong and independent predictor for
SBP, DBP, and hypertension at follow-up and the CK effect
on blood pressure was substantially attenuated. This study
showed that the CK effect on blood pressure is clearly
modified by BMI. J Clin Hypertens (Greenwich).
2014;16:820–826. ª 2014 Wiley Periodicals, Inc.

Hypertension is a global burden, affecting more than a
quarter of the adult population worldwide, which often
goes undiagnosed.1 It has been hypothesized, in a
biological plausible manner, that high creatine kinase
(CK) activity could be a genetic factor responsible for
primary hypertension.2 Two large cross-sectional, pop-
ulation-based studies have demonstrated an indepen-
dent dose-response association between CK and blood
pressure (BP).3,4 High CK has also been associated with
failure of antihypertensive therapy.5 In addition, a low
CK level was associated with lower BP and an increased
prevalence of fainting.6 Cross-sectional studies, how-
ever, make causal inferences impossible because of the
lack of temporality between exposure and outcome.
Whether the observed relationship between CK and BP
is causal or confounded is still unresolved.7,8 In the
present prospective study, we measured CK and BP
simultaneously at two points in time and examined
whether BP at follow-up was correlated with CK at
baseline. In addition, we examined CK in persons with
and without hypertension at follow-up and whether CK
was a long-term predictor of hypertension.

METHODS

Study Population
Figure 1 shows a diagram of the flow of participants. All
study participants were recruited from the sixth survey of

the Tromsø Study in 2007–2008.9 CK and BP were
analyzed cross-sectionally in 12,828 participants aged
30 to 87 years (mean 58 years), 6834 women and 5994
men, 65% of those eligible. A total of 686 participants
had high CK according to references given by the Nordic
Reference Interval Project (NORIP)10 andwere invited to
a second visit for CK control. Of the 686 persons with
high CK, 562 attended the second visit (baseline), andCK
was measured after 3 days of refraining from alcohol
and muscular load, leisure physical activity, muscular
training, physiotherapy, acupuncture, or any muscular
damage. Of the 562 persons who attended the second
visit, 169 had persistent high CK and were invited to the
follow-up study; 120 accepted to participate. Another
130 participants, balanced for sex and 5-year age groups
and CK within the 30% to 50% of CK distribution at
screening and after the standardized CK measurement at
baseline (persistent normal CK) were included, leaving a
total study population of 250 persons (134 women and
116 men). Participants with normal CK were instructed
to refrain from use of alcohol and muscular load, leisure
physical activity, muscular training, physiotherapy,
acupuncture, or any muscular damage 3 days before
CK measurement.

Measurement of CK
CK was analyzed by photometry using an enzymatic
method (CK-NAC, Roche Diagnostics, Mannheim,
Germany) at the Department of Medical Biochemistry,
University Hospital of North Norway, Tromsø. The
samples were consecutively analyzed in an automated
clinical chemistry analyzer (Modular P, Roche) within
6 hours from withdrawal. The analytical coefficient of
variation was ≤1.6%, and the reference interval (2.5%–
97.5%) for this method was elaborated by NORIP:
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women aged 18 years and older, 35 U/L to 210 U/L;
men aged 18 to 50 years, 50 U/L to 400 U/L; and men
50 years and older, 40 U/L to 280 U/L.10 When the CK
level in a sample was beyond the upper limit, the sample
was diluted according to recommendation given by the
manufacturer.

Follow-Up Visit and Measurement of BP
The follow-up examination took place 69 (mean) weeks
later. Information about statin use, diabetes mellitus,
and leisure physical activity was obtained through
personal interview and medical records. The alcohol
use disorders identification test (AUDIT) was used to
evaluate alcohol consumption.11 Strenuous leisure phys-
ical activity was defined as activity with presence of
sweating or breathlessness ≥3 hours per week in the past
month. Height was measured and weight was registered
by a validated digital scale (Weighingblock VB3-
200-EC, Class III; Vetek, V€add€o, Sweden) to calculate
body mass index (BMI). BMI was defined as weight (kg)
divided by the square of height (m2).
BP was measured with the A&D Model UA-779

device (A&D Instruments Ltd, Abingdon, Oxon, UK).12

BP was taken while the participants were sitting in a
resting position. The cuffs were chosen after measure-
ment of the circumference of the upper arm. After the
participants rested for 2 minutes, three readings on the
upper right arm were taken, separated with a 1-minute
interval. The average of the last two measurements was
used in the analyses.13 Hypertension was defined as
systolic BP (SBP) ≥140 mm Hg or diastolic BP (DBP)
≥90 mm Hg or current use of antihypertensive medica-
tion. Uncontrolled hypertension was defined as SBP
≥140 mm Hg or DBP ≥90 mm Hg in spite of antihy-
pertensive treatment.
The study was approved by the Regional Ethical

Committee for Research and the Norwegian Data
Inspectorate (approval number: REK NORD
11/2008). Written consent was obtained from all
participants.

Statistical Analyses
As a result of the skewed distribution, CK was log
transformed in the analyses. First SBP and DBP at
follow-up were plotted against baseline logCK values
(Figure 1) and Pearson correlation coefficients were
calculated. Mean values of SBP, DBP, proportions of
hypertension, and possible confounders in persistent
high CK and persistent normal CK were calculated and
the differences were tested by analysis of variance
(Table I). Similarly, age- and sex-adjusted mean values
of CK levels and proportions of persistent high CK were
estimated in persons with and without hypertension at
follow-up (Table II). Age- and sex-adjusted means were
then calculated in quartiles of SBP and DBP at follow-up
(Table III). Linear trends across quartiles were tested by
linear and logistic regression. Physical activity and BMI
were included in the regression analyses for adjustment
(Table IV). The SAS System version 9.2 (SAS Institute,
Inc, Cary, NC) was used for all statistical analyses. A
two-sided P value of at least .05 was considered
statistically significant.

RESULTS
In Figure 2, the correlations between baseline logCK
and SBP and DBP at follow-up are shown in scatter
plots. Baseline CK was significantly correlated with DBP
at follow-up (r=0.16, P=.01). For SBP, the correlation
was borderline significant.
Table I shows clinical characteristics of the study

participants stratified by CK level. All participants
reported to be of Caucasian ethnicity. Persons with
persistent high CK used more antihypertensive drugs at
baseline and had higher BMI levels, and had higher
systolic and diastolic BP values at follow-up than
patients with normal CK. Among patients with persis-
tently high CK, 66.7% were hypertensive at follow-up,
compared with 55.5% among patients with normal CK
(P=.05).
In Table II, the study participants are stratified

according to hypertension at follow-up. Hypertensive
persons were older and more likely to be male and had

Invited persons to the 6th

Tromsø Study
N =19 762

10137 women      9625 men

Screening: Unstandardized CK test

Available for CK analysis                    
n= 12 828 (65 %)
(age 30 -87 years)

6834 women   5994 men

HyperCKemia                
n = 686

295 women 391 men 

Persistent high CK                                  
n = 120

66 women     54 men

Persistent high CK           
n =169

89 women        80 men

Non-responders                          
3207 women    3571 men  

No blood samples                    
96 women       60 men

Baseline vist:
Standardized CK control

n = 562

Normalized CK value 
n =393 (69.9 %)

160 women  233 men

Non-responders                                     
n =124

46 women    78 men

Persistent normal
n = 130

68 women     62 men

Follow-up cohort, n = 250

Normal CK
(within 30-50 percen les)

n = 130
68 women 62 men

Baseline vist: 
Standardized CK control

n =130

Non-responders                                     
n =49                       

FIGURE 1. Flow chart of the study population. CK indicates
creatine kinase.
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higher BMI levels. CK levels at both baseline (P=.06)
and follow-up (P=.009), as well as the proportion of
persistent high CK (P=.05), were higher compared with
those in normotensive persons. In Table III, baseline
CK, proportions of persistent high CK, and possible
confounders are displayed in quartiles of SBP and DBP.
Age- and sex-adjusted estimates of baseline CK
increased linearly across strata of both SBP and DBP
and the P values for linear trends were borderline
significant. The proportion of patients with persistent
high CK increased significantly across quartiles of DBP
(P=.04). BMI was the only additional risk factor
associated with BP.

In age- and sex-adjusted analysis (Table IV, model I),
a 1-unit change in logCK was associated with a 4.9 mm
Hg higher SBP, a 3.3 mm Hg higher DBP, and a 2.2
higher odds for having hypertension at follow-up (P=.1,
.07, and .06, respectively). Having persistent high CK
was associated with a 2.6 mm Hg higher SBP, a 2.2 mm
Hg higher DBP, and a 1.7 higher odds for having
hypertension at follow-up (P=.2, .06, and .05, respec-
tively). When including physical activity (model II) and
BMI (model III), BMI was a strong and independent
predictor for SBP, DBP, and hypertension. Whereas
introduction of physical activity had no impact on CK
estimate, adding BMI to the model substantially weak-
ened the CK effect on BP.

A total of 86 persons (35%) were treated with at least
one antihypertensive drug at follow-up. The baseline
logCK level among these was 2.29 U/L, compared with
2.21 U/L among the untreated (P=.08). When restrict-
ing the analyses to the untreated subgroup only, there
were significant attenuations of all CK estimates.

Among the 153 persons with hypertension at follow-
up, baseline logCK was 2.27 U/L compared with
2.19 U/L in patients without hypertension (age-and
sex-adjusted P=.06). There were 89 patients who
currently used antihypertensive medication. Among
these, 59 (66%) were still hypertensive in spite of
treatment. Their logCK was 2.32 U/L, similar to those
who were normotensive.

TABLE I. Clinical Characteristics in Persistent High
CK and Persistent Normal CK (N=250)

Persistent

High

CK (n=120)

Persistent

Normal

CK (n=130) P Value

Baseline

logCK, U/L 2.55 1.94

Age, y 61.0 61.3 .8

Men, % 45.0 47.7 .8

Weight, kg 81.8 77.7 .009

Height, cm 170.2 169.5 .4

Body mass index, kg/m2 28.1 27.0 .03

Waist-hip ratio 0.92 0.92 .3

Systolic blood pressure,

mm Hg

139.8 140.0 .9

Diastolic blood pressure,

mm Hg

80.2 78.4 .1

Hypertension, %a 68.5 60.1 .1

Use of antihypertensive

drugs, %

40.1 30.0 .08

Follow-up

Systolic blood pressure,

mm Hg

140.8 138.2 .2

Diastolic blood pressure,

mm Hg

83.2 81.0 .06

Hypertension, %a 66.7 55.5 .05

Use of antihypertensive

drugs, %

44.0 45.0 .7

Uncontrolled

hypertension, %b

66.7 66.0 .9

Body mass index, kg/m2 28.0 27.1 .06

AUDIT score 2.8 2.7 .8

Use of statins, % 23.2 23.8 .9

Diabetes mellitus, % 1.7 3.1 .5

Strenuous leisure physical

activity, %c

38.6 30.9 .2

Abbreviations: AUDIT, alcohol use disorder identification test; CK,

creatine kinase. Values are age- and sex-adjusted. Age was adjusted

for sex and sex was adjusted for age. aHypertension was defined as a

systolic blood pressure value ≥140 mm Hg or diastolic blood

pressure value ≥90 mm Hg or use of antihypertensive medication. bOf

patients taking antihypertensive drugs. cStrenuous leisure physical

activity was defined as activity with the presence of sweating or

breathlessness ≥3 hours per week in the past month.

TABLE II. CK Levels and Persistent High CK in
Persons With and Without Hypertension at Follow-
Up (N=250)

Hypertension at

Follow-Upa

P Value

Yes

(n=153)

No

(n=97)

Systolic blood pressure, mm Hg 147.7 126.6

Diastolic blood pressure, mm Hg 85.8 76.3

Baseline logCK, U/L 2.27 2.19 .06

Follow-up logCK, U/L 2.23 2.13 .009

Persistent high CK, % 54.0 40.3 .05

Age, y 63.8 57.1 <.0001

Male sex, % 53.6 35.7 .003

Body mass index, kg/m2 28.4 26.2 <.0001

Statin use, % 24.6 21.7 .6

Diabetes, % 3.8 0.0 .9

AUDIT score 2.8 2.5 .4

Strenuous leisure physical activity, %b 34.0 35.7 .8

Abbreviations: AUDIT, alcohol use disorder identification test; CK,

creatine kinase. All values were age- and sex-adjusted. Age was

adjusted for sex and sex was adjusted for age. aHypertension was

defined as a systolic blood pressure value ≥140 mm Hg or diastolic

blood pressure value ≥90 mm Hg or current use of antihypertensive

medication. bStrenuous leisure physical activity was defined as

activity with the presence of sweating or breathless ≥3 hours per

week in the past month.
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DISCUSSION
In the present study, baseline CK was weakly correlated
with SBP and DBP at follow-up. In multivariable

analyses, the CK effect on BP was about the same as
demonstrated in the cross-sectional study.4 We also
found a higher proportion of persistent high CK in

TABLE III. CK and Possible Confounders in Quartiles of Blood Pressure (N=250)

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P Trend

SBP range, mm Hg 90.5–127.5 128.5–137.5 138.5–149.5 150.0–209.0

Baseline logCK, U/L 2.14 2.28 2.25 2.29 .07

Persistent high CK, % 33.1 56.1 49.3 55.5 .08

Body mass index, kg/m2 25.6 27.6 27.9 29.0 <.0001

Statin use, % 17.3 32.3 21.3 23.0 .9

Diabetes, % 0.4 1.5 4.7 2.9 .3

AUDIT score 2.5 2.5 2.9 3.0 .2

Strenuous leisure physical activity, % 34.0 42.3 34.1 28.4 .3

DBP range, mm Hg 59.0–76.0 76.5–81.0 81.5–87.5 88.0–122.0

Baseline logCK, U/L 2.19 2.22 2.25 2.30 .06

Persistent high CK, % 39.5 47.9 47.6 59.2 .04

Body mass index, kg/m2 26.7 26.7 28.4 28.3 .005

Statin use, % 30.9 20.1 24.7 18.3 .3

Diabetes, % 2.0 3.0 3.4 1.2 .8

AUDIT score 2.6 2.4 3.2 2.7 .4

Strenuous leisure phys. activity, % 39.4 31.6 36.1 31.7 .5

Abbreviations: AUDIT, alcohol use disorder identification test; CK, creatine kinase; DBP, diastolic blood pressure; SBP, systolic blood pressure. Values

are age- and sex-adjusted.

TABLE IV. Baseline LogCK and Persistent High CK as Predictors for Blood Pressure and Hypertension at Follow-
Up (N=250)

Model I Model II Model III

ba (SE) P Value ba (SE) P Value ba (SE) P Value

Systolic blood pressure

Baseline logCK 4.9 (3.2) .1 5.0 (3.2) .1 3.1 (3.2) .3

Physical activity – – �1.0 (2.3) .7 �0.7 (2.2) .8

Body mass index – – – – 1.1 (0.3) <.0001

Persistent high CK 2.6 (2.1) .2 2.6 (2.1) .2 1.6 (2.1) .4

Physical activity – – �0.9 (2.3) .7 �0.6 (2.2) .8

Body mass index – – – – 1.2 (0.3) <.0001

Diastolic blood pressure

Baseline logCK 3.3 (1.8) .07 3.2 (1.8) .07 2.6 (1.8) .15

Physical activity – – 0.3 (1.3) .8 0.4 (1.2) .7

Body mass index – – – – 0.4 (0.2) .01

Persistent high CK 2.2 (1.2) .06 2.1 (1.2) .07 1.8 (1.2) .1

Physical activity – – 0.3 (1.3) .8 0.4 (1.2) .7

Body mass index – – – – 0.4 (0.2) .009

ORb (95% CI) P Value ORb (95% CI) P Value OR (95% CI) P Value

Hypertension

Baseline logCK 2.2 (0.9–5.1) .06 2.3 (1.0–5.3) .06 1.9 (0.8–4.5) .2

Physical activity – – 0.9 (0.5–1.6) .7 0.9 (0.5–1.6) .7

Body mass index – – – – 1.2 (1.1–1.3) .0002

Persistent high CK 1.7 (1.0–3.1) .05 1.8 (1.0–3.1) .048 1.6 (0.9–2.8) .1

Physical activity – – 0.9 (0.5–1.6) .7 0.9 (0.5–1.6) .7

Body mass index – – – – 1.2 (1.1–1.3) .0002

Abbreviations: CI, confidence interval; OR, odds ratio. Model I was adjusted for age and sex. Model II was adjusted for age, sex, and physical activity.

Model III was additionally adjusted for BMI. aValues are regression coefficients (SE) expressed in mm Hg for a 1-unit change in logCK, physical activity or

body mass index (BMI), or for having persistent high creatine kinase (CK). bOdds for hypertension for a 1-unit change in logCK, physical activity or BMI,

or for having persistent high CK.
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hypertensive vs normotensive persons (P=.05). How-
ever, after adjustment for BMI, an independent long-
term effect of CK on BP or hypertension was no longer
demonstrated. This conflicts with findings from previous
cross-sectional reports.3,4

SerumCKactivity is thought to reflect CKactivity from
striated skeletal muscle, in particular type II fibers (fast-
twitch), which are less densely vascularized and have a
higher vascular resistance than muscles rich in slow-
twitch fibers (type I), postulating that fiber type in skeletal
muscles might be of importance in hypertension.14,15

Patients with high CK activity have been reported to
display increased vascular contractility.16 Most recent,
the first and most direct evidence suggesting that resis-
tance artery CK mRNA levels relate to BP has been
published.17 High CK activity is proposed to enhance
pressor responses via increased adenosine triphosphate
(ATP) availability for cardiovascular contractility.2 In the

arteries, CK is tightly bound near vascular smoothmuscle
contractile proteins, including myosin adenosine triphos-
phatase (ATPase) and myosin light chain kinase, where
the enzyme provides ATP for smooth muscle contrac-
tion.18 The resultant vasoconstriction of small arteries
and arterioles increases the total peripheral resistance of
blood vessels. In the kidney, CK is functionally coupled
with renal Na+/K+-ATPase and the ATP produced by
co-localized CK is preferentially used for the high and
fluctuating ATP demand of sodium transport across the
tubular epithelial cells.19 Thus, high CK activity in the
kidney tubule cells may lead to increased availability of
ATP and greater sodium retention. In addition, increased
sodium retention caused by increased renal vascular
resistancewill raise BP. The heart comprises 20% to 40%
of skeletal muscle CK activity,20 and the CK system is of
particular importance to maintain local ATP levels
constant and contribute to myocardial contractile

FIGURE 2. Correlation between creatine kinase (CK) at baseline and blood pressure at follow-up.
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capacity. Myofibrillar CK, functionally coupled with
myosin ATPase, maintains high ATP/ADP ratios and
limits the rate of ADP release, which prevents a decline in
maximum shortening velocity of the myofibrils.
Increased CK activity has been demonstrated in the left
ventricle and aorta of spontaneous hypertensive rats.21,22

In the present study, when BMI was adjusted for, the
association between CK and BP was substantially
weakened. It has been argued that the observed asso-
ciation between CK and BP is not a causal one, but
caused by different physiological and metabolic effects
between the different types of muscle fibers.7 Skeletal
muscle accounts for about 75% of insulin-stimulated
glucose uptake and is the major site of insulin resis-
tance.23 High CK activity is typically found in type II
fibers with cytosolic CK tightly coupled with glycolysis,
whereas mitochondrial fatty acid oxidation and glucose
uptake are limited. Type II fibers tend to be less insulin-
sensitive than type I fibers.24 This is thought to lead to
storage of fatty acids and glucose as lipids in adipose
tissue instead of utilization in skeletal muscle, making
individuals with type II fiber dominance more prone to
gain weight, to be obese, and to develop insulin
resistance and type 2 diabetes.25–27 It is well known
that the prevalence of high BP and mean levels of SBP
and DBP increases as BMI increases.28 On the other
hand, BMI and obesity are also strongly and indepen-
dently associated with CK, and it has been proposed
that a high CK phenotype (muscle fiber type II) is the
biological factor that predisposes to both hypertension
and obesity.29 In animal studies it has been demon-
strated that inhibition of the CK system leads to a shift
from type II to type I fiber predominance, with
mitochondrial proliferation and increased oxidative
phosphorylation, weight loss, and increased insulin
sensitivity.30–32 However, a recent review evaluating
existing therapeutic strategies that target the CK system
in hypertension and cardiovascular diseases was incon-
clusive.33 Given the heterogeneity and small sample size
of the trials, the authors stated that larger clinical
studies are needed to confirm these observations.

STUDY STRENGTHS AND LIMITATIONS
To our knowledge, this is the first prospective study to
describe the relationship between CK and BP in humans.
Baseline CK was measured standardized after 3 days to
avoid bias caused by muscular damage of other causes.
In the absence of overt tissue damage, serum CK activity
after 3 days of rest is thought to mainly reflect skeletal
muscle cytosolic CK activity.34 Three days may still be
too short an interval since the half-life of CK is
considered to be more than 7 days.35,36 For SBP, DBP,
and hypertension, the associations with CK were all
high but did not reach significance. However, the study
number was somewhat limited and this may be one
explanation for the negative results. Another weakness
of the study is that BP was measured after only
2 minutes of resting, and the average BP was obtained
from only two recordings. Especially for SBP, which has

a wider range of variability than DBP,37 random error in
BP monitoring may have attenuated the associations.
We used only BMI for assessment of body composition.
However, BMI does not distinguish lean mass from fat
mass and it may not accurately reflect total body fat in
all individuals, particularly in those who are very
muscular, have high bone density, or are elderly. Even
highly correlated with BMI,38 inclusion of skinfold
thickness would improve the relative contribution of
lean mass and fat mass to BP level.
Although we lack a distinct clinical measure of muscle

mass, waist-hip ratio might help to differentiate abdominal
(central) adiposity from muscle mass. There was no
difference inwaist-hip ratiobetweenpatientswithpersistent
high CK and normal CK. In a previous study in the same
population,wecouldneitherfindanydifference inwaist-hip
ratioordifference inmuscle strength fordominanthandgrip
or knee extension inmen,39whichmay indicate thatmuscle
mass was relatively equal in the groups.
In line with previous reports,3,4 we found that hyper-

tensive individuals had significantly higher CK levels than
normotensive individuals both at baseline and at follow-
up. However, the CK level in uncontrolled hypertensive
persons was equal to treatment-responsive patients. This
contrasts with previous findings.5 An explanation for this
could be a drug effect on CK. It is known that b-blockers,
angiotensin-converting enzyme inhibitors, and angioten-
sin II antagonists can increaseCK level. If highCKactivity
is a genetic factor for primary hypertension, itwould be of
interest to know whether CK falls or remains high when
BP is lowered. This should be addressed in future studies.

CONCLUSIONS
Our study provides some new information on the
temporal correlation between CK and BP. However,
the CK effect is clearly modified by BMI. The proposed
biological link between muscle fiber phenotype and CK
activity with hypertension and obesity are intriguing but
need further confirmation. Based on these findings and
previous observational studies, future research should
focus on causal modeling in animal studies to assess
whether vascular CK overexpression leads to hyperten-
sion and whether CK inhibition lowers BP indepen-
dently of BMI. Another interesting hypothesis is
whether CK may be a prognostic marker in antihyper-
tensive treatment.
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