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ABSTRACT

Aims: Modifiable lifestyle factors, as cardiorespiratory fitness (CRF) and body mass, may prevent hyper-
tension. However, it remains unclear whether blood pressure is associated with CRF, independently of body
mass index (BMI). Thus, the purpose was to study the relationship between CRF, body composition and
blood pressure among 40-44 year old men and women.

Methods: During 2007-2008, 12,900 men and women aged 30-85 years attended the sixth survey of the
Tromse study. Blood pressure (mm Hg), height (cm) and weight (kg) were measured and body mass index
(BMI kg/mz) was estimated. In a sub-study, the Tromsg Activity Study, CRF [VO;u. (ml/kg/min)] was ob-
jectively measured using a treadmill test among 313 healthy men and women aged 40-44 years.

Results: Among men and women participating in both studies, the mean BMI was 27.1 kg/m” for men and
25.1 kg/m” for women. Mean arterial blood pressure (MAP) was 92.4 mm Hg for men and 86.0 mm Hg for
women. The proportion defined as pre-hypertensive/hypertensive (systolic/diastolic blood pressure > 120/80)
were 33% and 56% for women and men, respectively. The proportion of low, medium and high CRF for both
sexes combined differed significantly (p < 0.0001) by BMI level (< 25 or > 25 kg/m?). Increased fitness ten-
ded to reduce blood pressure among overweight and obese men (p trend = 0.03), whereas increased fitness
tended to reduce blood pressure among normal weighted women (p trend = 0.01).

Conclusion: Among healthy 40-44 year old men and women in this study, BMI was positively associated
and CRF was negatively associated with blood pressure. Moreover, our results suggest that BMI may be a
more important factor than CRF in predicting systolic blood pressure in both sexes. However, cardiorespira-

tory fitness and weight control may both be important targets for prevention of hypertension.

INTRODUCTION

Hypertension is one of the most common medical
disorders and data from observational studies have
demonstrated increasing risk of stroke, myocardial in-
farction, cardiovascular death, site specific cancer and
all cause mortality associated with high blood pressure
(1-3).

High levels of leisure-time physical activity have
been associated with a reduced risk of hypertension,
independently of most common risk factors for hyper-
tension (4). Additionally, higher levels of cardiorespi-
ratory fitness (CRF), defined as maximal achieved
exercise capacity, have shown to be associated with re-
duced risk of developing hypertension among healthy
normo-tensive persons and higher incidences of hyper-
tension have been demonstrated among individuals
with low fitness compared with fit individuals (5-7).
Moreover, evidence from randomized controlled studies
shows that exercise (both endurance and resistance
exercise) has favorable effects on blood pressure (8).

However, not only physical activity and CRF, but
also other lifestyle factors are associated with hyper-
tension, most notably obesity (9,10). Obesity is also
linked to other chronic diseases and metabolic disor-

ders (11). Cross sectional and observational studies
have documented a positive association between blood
pressure and body weight (12) and blood pressure in-
creases over time among subjects who experience
weight gain (13).

The prevalence of obesity and obesity-related
diseases is increasing worldwide. Availability of high
fat, energy-dense food, large portion sizes and low cost
of fast food are main contributors to the observed in-
creased energy intake (14). A decline in work related
physical activity, and increase in sedentary behavior in
all types of daily living activities have been observed
and these changes tend to drive down daily energy
expenditure values (14). A review of secular trends
suggests that the prevalence of obesity is more strong-
ly related to decreases in energy expenditure than to
increases in energy intake (15). A recent Cochrane re-
view supports the use of exercise as a target for weight
loss, particularly when combined with dietary change,
and this review also found that exercise improved
health even if no weight is lost (16).

The proposed mechanisms for the blood pressure
lowering effects of exercise include neurohumoral,
vascular, and structural adaptations (17). Decreases in
catecholamines and total peripheral resistance, im-
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proved insulin sensitivity, and alterations in vasodila-
tors and vasoconstrictors are some of the postulated
explanations for the antihypertensive effects of exer-
cise (17). Thus, it is likely that the lowering of blood
pressure by exercise is multifactorial and further stu-
dies are needed to elucidate the mechanism (18).

A general assumption is that overweight or obese
individuals probably are physically inactive and unfit,
and that lean individuals probably are physically active
and fit. According to conclusions performed by experts
in the area (19,20), available evidence suggests that
overweight and obese adults who achieve adequate
levels of physical activity or CRF, have lower risk of
total and cardio-vascular morbidity and mortality than
do their normal-weight, but sedentary or unfit peers.

A key unanswered question is whether improve-
ment of CRF, independently of changes in body mass
index (BMI), is a more important first target for pre-
vention of hypertension than reduction in BMI. This
has significant implications for health-care providers
and patients in creating the most effective first strate-
gies to achieve optimal blood pressure control.

On this background, the main purpose of this study
was to examine the relationship between CRF, body
composition and blood pressure among 40-44 year old
men and women participating in the Tromse Activity
Study.

MATERIAL AND METHODS
Study population

Detailed information on the development and follow-
up of the Tromse Activity Study has been reported
previously (21). In brief, the study subjects were re-
cruited among men and women who participated in the
sixth population-based health screening survey of the
Tromse Study carried out in 2007-2008. Baseline in-
formation was obtained from clinical examinations and
questionnaires, including history of chronic diseases
and physical activity. A sample of 746 male and female
participants aged 40-44 years were invited by mail to
the Tromse Activity Study in 2008-2009. The partici-
pants were randomly selected from those who attended
during the last months of the core examination of the
sixth Tromse Study (Sept to Dec 2008), 391 (52%)
persons responded, and 313 persons were eligible to
participate. The mean time interval between the
measurements in the screening survey and the Activity
Study was 3.2 months.

Each subject gave written informed consent prior to
participation. The Regional Committee of Medical and
Health Research Ethics recommended the protocol, and
the Norwegian Data Inspectorate approved the study.

Anthropometric measurements and blood pressure

Antropometric measurements were assessed in the
screening survey with participants wearing light
clothing and no footwear. Height was measured to the
nearest half-centimeter and weight to the nearest 0.1
kg on an automatic electronic scale Jenix DS 102
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stadiometer (Dong Sahn Jenix Co., Ltd., Seoul, Korea).
BMI was calculated as a measure of body mass rela-
tive to height (kg/m”). Waist circumference was mea-
sured in a horizontal line 2.5 cm above umbilicus, hip
circumference was measured at the largest circumfer-
ence and both were measured to the nearest 0.5 cm.
Waist-to-hip ratio (WHR) was estimated.

Blood pressure was measured when the participants
were sitting (automated device Dinamap Pro care 300
Monitor). Three readings were taken, separated with a
one minute interval. The mean of the two latest blood
pressure readings was used in the present study.

Physical fitness assessments

To assess CRF, the participants in the Tromse Activity
Study completed an incremental VO, test performed
until total exhaustion, administered by two trained
study assistants (21). VOpnax is defined as the highest
rate of oxygen consumption attainable during maximal
exercise. Normally aerobic power (VOjpu.x) is ex-
pressed by dividing measured values by body mass
(ml/kg/min) making it possible to compare the fitness
level between individuals of different body mass. The
beginning pace varied by individual, starting with a
speed that elicited a heart rate of approximately 145
beats/min. Since running technique differs, partici-
pants could choose if they preferred having speed
increased, level of incline increased, or a combination
of both to enhance workload. Every minute the
workload was increased (1 km/h or two grades incline
increments). Towards the end of the test, workload
was increased individually to motivate test subjects to
continue when changing to a heavier stage. Heart rate
was monitored with a Polar S 610 I (Finland) wrist
watch. Expired air was analyzed continuously for O,
and carbon-dioxide (CO;) by an Erich Jaguar Oxycon
Pro (Jaeger—Viasys Healthcare, Hoechberg, Germany)
oxygen analyzer, calibrated with standardized gases
before each test. The subjects breathed through a Hans
Rudolph valve (2700 series) with registration of
ventilation, VO,, CO,, and respiratory exchange ratio
(VCO,/VO,, RER) at 30 seconds averages.

Subjects had to achieve at least one of the two fol-
lowing criteria; 1) the ability to demonstrate a VO,
plateau, defined as a failure of oxygen uptake to in-
crease by greater than 2.0 ml/kg/min with increasing
treadmill speed/incline, 2) respiratory exchange ratio
(RER) > 1.05. In addition, the test-administrator evalu-
ated the following characteristics of maximal perfor-
mance: Test subject expressed orally or in terms of
body language, that he or she was totally exhausted or
the test subject could not continue to run properly, was
blanching and in danger of falling due to exhaustion.
The highest oxygen uptake reached (30 seconds
average) was recorded as VO,uy.

Classification strategies and statistical analyses

BMI was stratified into two groups (< 25 and > 25
kg/m?). CRF levels were categorized into sex-specific
tertiles; low fitness, CRF I = VOyax < 32.4 ml/kg/min
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for women and < 39.6 ml/kg/min for men; medium
fitness, CRF II = VO, = 32.4-37.5 ml/kg/min for
women and 39.6-46.5 ml/kg/min for men, and high
fitness, CRF III = VOyp.x > 37.5 ml/kg/min for women
and > 46.5 ml/kg/min for men.

Mean arterial blood pressure (MAP) was estimated
as [(diastolic blood pressure * 2) + systolic blood pres-
sure]/3, the average arterial pressure during a single
cardiac cycle.

Means and standard deviations or frequencies and
percentages were used to describe the characteristics
of the study participants (Table 1).

In order to study the relationship between CRF,
body composition and blood pressure among 40-44
year old men and women participating in the Tromse
Activity Study in detail, multivariable linear regression
models were used to estimate changes in blood pres-
sure by one standard deviation increase in CRF and
BMI (Table 2). Analyses of variance were used to
assess the potential effect of fitness (three groups) on
blood pressure in two groups of BMI (Table 3), and
trends were estimated using regression models.

Data analyses were conducted using SAS version
9.2 (SAS Institute, Inc., Cary, NC).

Table 1. Descriptive characteristics of men and women, the
Tromse Activity study®. Values are means (SDs) or numbers
(percentages).

Men Women
(n=155) (n=158)

Demographics

Age, years 42.1(1.41) 42.3(1.38)

Higher education, n (%) 85 (54.8) 100 (63.3)
Anthropometric characteristics

Weight, kg 87.3(13.8)  68.6(10.7)

Height, cm 179.5 (6.76)  165.4 (5.96)

BMI, kg/m’ 27.1(3.66)  25.1(3.82)

Waist circumference, cm 95.8 (10.4) 86.4 (10.7)

Waist-to-hip ratio 0.92 (0.06) 0.86 (0.06)
Blood pressure

Systolic blood pressure, mm Hg 124.2 (13.6) 115.5(13.4)

Diastolic blood pressure, mm Hg 76.5 (8.88) 71.2 (8.90)

Mean arterial pressure (MAP®) 92.4 (9.68) 86.0 (9.74)

Pre- /hypertensive’, n (%) 87 (56.1) 52 (32.9)

Hypertensive’, n (%) 23 (14.8) 14 (8.86)

Heart rate, beats/min 63.2 (10.6) 64.4 (10.5)
Blood pressure medication, n (%) 7(5.52) 0
Lipid lowering medication, n (%) 4 (2.58) 0
Aerobic fitness

VO, max, ml/kg/min 43.2 (7.66) 35.5(6.45)

VO, max, /min 3.66 (0.56)  2.35(0.36)

*40-44 years. SD, standard deviation. Numbers may vary due to
missing information.

" MAP = [(Diastolic blood pressure * 2) + Systolic blood
pressure]/3.

“Pre-/ hypertensive: Systolic blood pressure > 120 and / or Diastolic
blood pressure > 80 mm Hg.

¢ Hypertensive: Systolic blood pressure > 140 and / or Diastolic
blood pressure > 90 mm Hg.
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RESULTS

All together, 158 women and 155 men participated in
the Tromse Activity Study. The sex-specific charac-
teristics of the participants are presented in Table 1.
Mean age was 42.1 years for men and 42.3 years for
women, and mean BMI was 27.1 kg/m* for men and
25.1 kg/m® for women. On average, MAP was 92.4
mm Hg for men and 86.0 mm Hg for women, and CRF
was 43.2 ml/kg/min and 35.5 ml/kg/min for men and
women, respectively. Among the participants, 87 men
(56.1%) and 52 women (32.9%) were classified as pre-
hypertensive/ hypertensive with a systolic blood pres-
sure > 120 mm Hg and/or a diastolic blood pressure >
80 mm Hg. While none of the participating women
used antihypertensive medication, 5.5% of men used
such medication (Table 1).

The sex specific distribution of CRF level (in terti-
les) within BMI level (< 25 or > 25 kg/m?), are pre-
sented in Figure 1. For men, the proportion of subjects
with high CRF level (CRF III) was 41 percentage points
lower in overweight/obese men (BMI > 25 kg/m?)
compared to normal weighted/lean men (BMI < 25
kg/m®) (18% versus 59%). The proportion of low CRF
level (CRF I) was 42 percentage points higher in over-
weight/obese men compared to leaner men 49% versus
7%). For women, the proportion of subjects with high
CREF level (CRF III) was 32 percentage points lower in
overweight/obese women (BMI > 25 kg/m”) compared
to normal weighted/lean women (BMI < 25 kg/m?)
(15% versus 47%), whereas the proportion of low CRF
level (CRF I) was 34 percentage points higher in over-
weight/obese women compared to leaner women (52%
versus 18%). Approximately 18% of men and 15% of
women were characterized as fit and fat (BMI > 25
kg/m® and CRF > 46.5 ml/kg/min for men and > 37.5
ml/kg/min for women). In comparison, 7% of men and
18% of women were characterized as normal weigh-
ted/lean and in the lowest fitness group (BMI < 25
kg/m® and CRF < 39.6 ml/kg/min for men and < 32.4
ml/kg/min for women, Figure 1).

Figure 2 presents sex-specific blood pressure (sys-
tolic, diastolic and MAP) in three groups of BMI (<25,
25-30 and > 30 kg/m®) and in tertiles of CRF (I-III).
Among men, systolic blood pressure, diastolic blood
pressure and MAP increased with increasing BMI. On
average, men with low CRF level had higher blood
pressures than men with higher CRF levels (I1I-11I), but
being in the highest CRF level was not associated with
further decrease in blood pressures compared to being
in the medium CRF level. Among women, systolic
blood pressure and MAP increased with increasing
BMI, and systolic blood pressure, diastolic blood pres-
sure, and MAP decreased with increasing CRF level.

The strength of an association between BMI and
CREF in relation to different measures of blood pressure
is presented in Table 2. For men and women, using
age-adjusted linear regression models, we found both
CRF and BMI to be associated with systolic blood
pressure, diastolic blood pressure and MAP (CRF
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Figure 1. Distribution of cardiovascular fitness level within levels of body mass index (BMI, kg/m?). The Tromsg Ac-
tivity Study. Cardiovascular fitness level was categorized in low fitness, CRF I, VO, max < 32.4 ml/kg/min for women
and < 39.6 ml/kg/min for men; medium fitness, CRF II, VO, max = 32.4-37.5 ml/kg/min for women and 39.6-46.5
ml/kg/min for men and high fitness, CRF III, VO, max > 37.5 ml/kg/min for women and > 46.5 ml/kg/min for men.

p < 0.02 for both sexes; BMI p < 0.002 for both sexes,
Model 1). When including both CRF and BMI in the
regression model (Model 2), CRF remained negatively
associated only with diastolic blood pressure (p =0.03)
and MAP (p = 0.03) among women, while there was a
pattern of an inverse association for MAP (p = 0.07)
among men.

Table 3 presents systolic blood pressure, diastolic
blood pressure, and MAP according to BMI (< 25 or >
25 kg/m”) and CRF level (in tertiles) for men and
women, separately. Fitness was negatively related to
blood pressure (p trend 0.02 for diastolic blood pres-
sure, 0.04 for systolic blood pressure, and 0.02 for
MAP) among overweight and obese men (BMI > 25
kg/m?), whereas fitness was negatively related (p trend
0.005 for diastolic BP, 0.008 for systolic BP and 0.003
for MAP) to blood pressure among lean and normal
weighted women (BMI < 25 kg/m?).

DISCUSSION

Among the healthy 40-44 year old men and women in
this study, we found a different distribution of cardio-

vascular fitness among normal weighted/lean and over-
weight/obese participants. In sex-specific age-adjusted
analyses, both BMI and CRF were associated with
blood pressure. Moreover, high fitness level was more
often observed among normal weighted/lean compared
to overweight/obese men and women, and our results
suggest that BMI may be a more important factor than
CREF in predicting systolic blood pressure.

We observed a higher proportion of high fitness
among the normal weighted/lean men and women than
among overweight/obese men and women. Other cross
sectional studies have found lower prevalence of obe-
sity to be associated with higher level of physical ac-
tivity (22,23). The association between fitness and BMI
observed in our study is cross sectional, and thus cau-
sality cannot be elaborated. Thus, low fitness can be
both a cause and a consequence of overweight/obesity.
High BMI has been associated with subsequent physi-
cal inactivity (24) and reduced physical activity may
be the main determinant of the rising prevalence of
obesity worldwide (25), and the ideal is to be normal-
weight and physically fit and active (26).

Epidemiological studies have shown that exercise
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Figure 2. Blood pressure (systolic, diastolic and MAP) in groups of BMI (kg/mz) and cardiovascular fitness
(CREF) categorized in low fitness, CRF I, VO, max < 32.4 ml/kg/min for women and < 39.6 ml/kg/min for men;
medium fitness, CRF II, VO, max = 32.4-37.5 ml/kg/min for women and 39.6-46.5 ml/kg/min for men and
high fitness, CRF III, VO, max > 37.5 ml/kg/min for women and > 46.5 ml/kg/min for men.
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Table 2. Estimated changes in blood pressure (systolic, diastolic and MAP*; mm Hg)
by one standard deviation increase in CRF® and BMI®. Multivariable linear regression
models. The Tromse Activity Study.

Model 1¢ Model 2°
B coeff p B coeff p
Women, n=158
Systolic blood pressure ~ CRF (ml/kg/min) -3.65 0.0006 -2.04 0.11
BMI (kg/m?) 3.98  0.0002 2.82 0.03
P int 0.86
Diastolic blood pressure ~ CRF (ml/kg/min) 244 0.0005 -1.89 0.03
BMI (kg/m?) 2.04  0.004 0.96 0.26
P int 0.71
MAP? CRF (ml/kg/min) -2.84  0.0002 -1.94 0.03
BMI (kg/m?) 2.69  0.0005 1.58 0.08
P int 0.76
Men, n=155
Systolic blood pressure ~ CRF (ml/kg/min) -2.55 0.02 -0.62 0.66
BMI (kg/m?) 337 0.002 2.98 0.03
P int 0.51
Diastolic blood pressure ~ CRF (ml/kg/min) -1.90 0.009 —-1.12 0.23
BMI (kg/m?) 1.91 0.008 1.20 0.19
P int 0.70
MAP? CRF (ml/kg/min) -2.12  0.007 —0.96 0.34
BMI (kg/m?) 240  0.002 1.80 0.07
P int 0.95

*MAP, mean arterial pressure= [(Diastolic blood pressure * 2) + Systolic blood pressure]/3.

® BMI, body mass index. “CRF, cardiorespiratory fitness.

4Model 1 Age-adjusted.
°Model 2 Included age, CRF and Body Mass Index (BMI).

P int = p value for interaction between BMI and CRF.
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Table 3. Systolic and diastolic blood pressure and MAP* according to BMI” and CRF®. Mean (SD?), the Tromsg

Activity Study.

BMI < 25 kg/m* BMI > 25 kg/m”

CRF 1 CRFII CRFIII Ptrend CRFI CRFII  CRFIII P trend

Men, n 4 19 33 48 33 18

Diastolic bp, mm Hg ~ 73.3 73.9 74.8 0.62 80.2 75.3 75.1 0.02
(9.46) (8.22) (6.36) (9.45) 9.57) (8.36)

Systolic bp, mm Hg 117.8 120.4 1225 0.40 129.0 122.6 122.6 0.04
(11.8) (12.2) (13.2) (14.6) (12.9) (12.3)

MAP?, mm Hg 88.1 89.4 90.7 0.47 96.5 91.0 90.9 0.02
(9.33) (8.71) (8.01) (10.3) (10.1) (8.50)

Women, n 15 30 40 38 24 11

Diastolic bp, mm Hg ~ 75.7 69.2 67.9 0.005 73.8 72.4 71.5 0.41
(6.95) (9.44) (7.42) (8.09) (10.4) (9.89)

Systolic bp, mm Hg 118.1 114.9 1095  0.008 1184 120.4 1145 0.65
(15.3) (11.5) (10.1) (13.6) (15.0) (16.7)

MAP?, mm Hg 89.8 84.4 81.8 0.003 88.6 88.4 85.8 0.49
(9.32) (9.15) (7.72) (9.36) (11.2) (11.9)

*MAP, mean arterial pressure = [(Diastolic blood pressure * 2) + Systolic blood pressure]/3.
° CRF, cardiorespiratory fitness. ° BMI, body mass index.
4SD = standard deviation. Numbers may vary due to missing information.

Cardiovascular fitness level was categorized in CRF I, low fitness= VO2 max < 32.4 ml/kg/min for women and
< 39.6 ml/kg/min for men; CRF II, medium fitness =VO2 max 32.4-37.5 ml/kg/min for women and 39.6-46.5
ml/kg/min for men, and CRF III, high fitness= VO2 max > 37.5 ml/kg/min for women and > 46.5 for men.
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and improved CRF are associated with lower risk of
hypertension independently of other risk factors (27,28).
Blair et al. (6) reported persons with low physical fit-
ness to have a relative risk of 1.5 for the development
of hypertension when compared with highly fit per-
sons. Sawada et al. (29) supported these findings in Ja-
panese men as they observed the relative risk of hyper-
tension to be 1.9 times higher in the least fit compared
with the more fit group. Prospective studies have ob-
served that higher level of physical activity is related
to reduced risk for hypertension in men (6,30,31), but
not in women (30,32).

We found CRF to be negatively associated with
blood pressure, both among men and women. Our re-
sults are in accordance with results from clinical trials
(18,33) and cross-sectional studies, which have shown
that physical activity is inversely associated with blood
pressure (34), and that more fit subjects have lower
blood pressure levels than less fit subjects (35). Addi-
tionally, in a meta-analysis including only randomized
controlled trials, subjects fulfilling chronic dynamic
aerobic endurance training are able to reduce their
blood pressure (17).

Obesity is a major independent risk factor for hyper-
tension (13,36). Results from our previous studies
using repeated assessments in the Tromse study (12)
showed that both BMI at baseline, and change in BMI,
were independent predictors of changes in systolic and
diastolic blood pressure in women. For a given BMI
increase, obese women had a greater systolic and
diastolic blood pressure increase than lean women. In
men, blood pressure change was associated with BMI
change, but the blood pressure increase was indepen-
dent of the BMI value at baseline (12).

In a recent publication by Fogelholm (37), he impor-
tantly asked whether the obesity-fitness interaction was
related to what extent physical activity or physical fit-
ness counterbalance health risks associated with obe-
sity? The main findings in his review of the area were
that subjects with a high BMI, combined with a high
physical activity level, were at greater risk of type 2
diabetes, of cardiovascular disease and type 2 diabetes
risk factors, compared with subjects having a normal
BMI and low physical activity level (37). In contrast,
two other reviews suggest that good aerobic fitness,
and perhaps also high physical activity, may be even
more important for cardiovascular health than avoiding
obesity (38,39). The Cooper Center Longitudinal Study
observed that only modest fitness levels among normal
weighted individuals were associated with the lowest
blood pressure estimates (40). In the HYPGENE study
Rankinen et al. (7) found CRF to be a significant
predictor of the risk of hypertension whereas in our
study, BMI seemed to be a more important factor than
CREF in predicting systolic blood pressure. Chen et al.
(40) observed BMI to be more important than CRF in
predicting systolic blood pressure only in the over-
weight range, in both men and women, which support
our results (Figure 2).
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We observed more men than women to be pre-
hypertensive (56% and 33%, respectively) and only
men in our study were on antihypertensive medication.
The use of antihypertensive medication can affect our
results, but when we excluded the seven men (5%) who
were users of antihypertensive medication, this did not
change our results (results not presented in tables).

Additionally, CRF was negatively related to blood
pressure among overweight and obese men (BMI > 25
kg/m?), whereas CRF was negatively related to blood
pressure among lean and normal weighted women
(BMI < 25 kg/m?). Our small number of participants (n
= 313) makes subgroup analyses challenging, and any
conclusions need to be balanced.

This study has strengths and limitations. The Tromse
Study has a very high attendance rate (80%) even
throughout repeated assessments during 30 years, and
the study design has been evaluated throughout these
years (41). Another strength of our study is the objec-
tive measurement of CRF assessed by two trained per-
sons. Maximum oxygen uptake (VO, max), which we
assessed in this study, is regarded as the “gold stan-
dard” for the assessment of cardiovascular fitness.
CREF reflects recent physical activity patterns, and it is
a better method than self-reported assessments. How-
ever, participation in the Tromse Activity Study may
be influenced by the participants' rating of their own
fitness, as fit individuals may be more likely to attend
such a study compared to unfit individuals. This possi-
ble selection bias would influence the results if the
associations of interest differ between those who atten-
ded and those who did not attend. Another possible
weakness is the difference in time points of measure-
ments for the main variables in the study; anthropo-
metric variables and blood pressure were measured in
the screening survey and CRF was measured in the
Tromse Activity Study. Mean time interval between
these measurements was 3.2 months. However, inclu-
sion of the time interval as a cofactor in the models did
not change our results. Importantly, previous reports
from the Tromse study support a strong tracking of
these variables among individuals followed for years
with repeated assessments (42).

CONCLUSION

Among the healthy 40-44 year old men and women
participating in this study, we found that high fitness
was more often observed among lean/normal weighted
compared to overweight/obese men and women. In
age-adjusted analyses, both BMI and CRF were asso-
ciated with blood pressure. When comparing BMI and
CRF and their associations to blood pressure, BMI
seemed to be a more important factor than CRF in pre-
dicting systolic blood pressure among both sexes, while
CRF predicted diastolic blood pressure and MAP
among women. Physical activity and CRF may both be
important targets for prevention of hypertension.
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