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Abstract

There is no consensus on the definition of an exaggerated increase in systolic blood pressure
(SBP) during exercise. The aim was to explore a potential threshold for exercise SBP
associated with increased risk of coronary heart disease (CHD) in healthy men, using repeated
exercise testing.

2,014 healthy Caucasian male employees were recruited into the Oslo Ischemia Study
during early 1970s. At follow-up seven years later, 1,392 men were still considered healthy.
A bicycle exercise test at 100W workload was performed at both visits. Cox regression
analyses were performed with increasing cut-off levels of peak SBP during 100W workload
(SBP100W) from 160 mmHg to 200 mmHg, adjusted for cardiovascular risk factors and
physical fitness. Participants with SBP100W below cut-off level at both baseline and first
follow-up were compared to participants with SBP100W equal to or above cut-off level at
both visits.

Compared to participants with SBP100W below all cut-off levels between 165-195
mmHg, CHD risk was increased amongst participants with SBP100W equal to or above cut-
off at all levels. There was no evidence of a distinct threshold level for CHD risk, and the
relation between SBP100W and CHD appears linear.

When investigating exercise SBP at moderate workload measured at two exercise tests
in healthy middle-aged Caucasian men, there is increasing risk of coronary disease with
increasing exercise SBP independent of SBP at rest. The association is linear from the low
range of exercise SBP and there is no sign of a distinct threshold level for increased coronary

disease risk.



Introduction
Previous studies have shown an association between exercise systolic blood pressure (SBP)
and cardiovascular (CV) disease (1). The risk of CV disease and mortality has been
investigated with increasing follow-up time (2-4), with particular interest regarding coronary
heart disease (CHD) (5), showing an association between exaggerated exercise SBP and
increased risk. The association may, however, be confounded by other CV risk factors.
Exercise SBP has predicted future hypertension in normotensive individuals (6-8), and low-
intensity exercise has revealed masked hypertension (9). Further, exaggerated exercise SBP is
associated with increased risk of hypertensive end-organ damage in well-treated patients
assessed with office blood pressure (10, 11), suggesting additional prognostic information
from exercise SBP beyond the traditional CV risk factors.

There is no current consensus on the definition of a pathological increase in SBP
during exercise (1, 12). Definitions of exaggerated exercise SBP are often arbitrary (13, 14),
exemplified by the use of age- and sex-specific 90" or 95! percentiles (7, 15) or >210 mmHg
for men and >190 mmHg for women (9, 16, 17). The observation of exaggerated SBP under
exercise has limited clinical relevance until evidence and consensus on definition and
treatment thresholds for exercise blood pressure is made (15). Hence, the purpose of the
present study was to thoroughly study the relationship between a sustained elevation of
exercise SBP at moderate workload, and CHD risk, by testing our previous hypothesis (18)
that there could be a distinct threshold level above which exercise SBP indicates increased
CHD risk. Studies on exercise SBP and CV risk have usually been performed with single

measurements only, except for a previous work of ours that showed an increased risk of CHD



with an increase in exercise SBP over time (19). In the present study we further investigate
the use of multiple exercise tests, using tests from baseline and first follow-up after seven
years, to investigate the effects of sustained elevation of exercise SBP in participants who

remained healthy over a significant timespan.

Methods

During 1972-75, 2014 Caucasian men aged 40-59 years, living in Oslo, Norway, gave their
informed consent to participate, and were included into the Oslo Ischemia Study. They were
then followed until January 1% 2007. The participants were employees from five companies,
representing both office and factory workers, and had to be free from chronic diseases or
disorders, including CV disease and diabetes mellitus, and without pharmacologically treated
hypertension. They also had to be free of any other long-term pharmacological treatment, and
be fit enough to perform an exercise test on a stationary ergometer bicycle. In the present
study, only participants remaining healthy and fulfilling the second exercise test at first
follow-up visit seven years later were included. Further details on selection methods and
exclusion criteria for this cohort have been presented earlier (20, 21). Due to the sensitive
nature of our dataset, the dataset will not be made available. In dire needs, this may be

discussed with the Corresponding author.

Follow-up, Exercise Testing and Endpoints

After initial enrolment in 1972, three follow-up visits were performed, in 1979-82, 1989-90
and 1994-95 (Figure 1). A postal questionnaire was sent to survivors, inquiring about diseases
and medication, of which 99% responded. In 1995-96 and 2005-07, hospital medical records
and data from the Norwegian Cause of Death Registry were cross-matched. Lengths of

hospital admissions and up to three diagnoses for each stay were registered, with particular



focus on registration of CV disease, pulmonary disease, diabetes mellitus and cancer. No
participant was lost to follow-up.

At each of the four visits, identical disease history assessment, clinical examination
and supplementary investigations were performed, consisting of chest x-ray, spirometry,
blood sample laboratory testing, resting electrocardiography (ECG) and resting supine blood
pressure. Auscultatory blood pressure was measured with a mercury column
sphygmomanometer after five minutes of supine rest in a quiet room. The second
measurement of a total of three measurements was used, as this was the lowest measurement
(2, 3). Non-invasive blood pressure measurements were deemed sufficient for SBP due to its
high reproducibility in this cohort (2). Investigations were performed between 7:30 and 10
a.m. after 12 hours of fasting. Participants had to be free from intercurrent illness; otherwise
exercise testing and investigations were postponed at least 14 days. Questionnaires were used
to collect information on previous medical history, family history of CHD, and also
symptoms of angina pectoris. Further details on the investigations have previously been
published (22).

The exercise test at each visit was performed under ECG monitoring on a stationary
bicycle with ergometer and adjustable resistance. The test was initiated at 100W, and the
workload was increased by 50W every sixth minute until near exhaustion. The participants
continued until next increase when 90% of predicted maximal heart rate based on age was
reached, or when reaching 10 beats per minute more than 90% of predicted maximal heart
rate. If exhaustion or symptoms or ECG signs of cardiac ischemia occurred, the test was
terminated. SBP during exercise was measured manually using a mercury
sphygmomanometer and performed every second minute throughout the test. The highest
SBP measured during the initial six minutes of the exercise test (SBP100W) was used in the

multivariate analyses in the present study. SBP at maximal workload (SBPmax) for each



participant was also obtained, and represents the maximal SBP during the whole test in almost
all participants.

The endpoint was the first occurrence of CHD, including angina pectoris and fatal and
non-fatal myocardial infarction, defined in accordance with diagnostic criteria at the time of
diagnosis. Angina pectoris was defined as having a written diagnosis in the hospital records,
in combination with documented ischemia on ECG and/or use of short- or long-acting

nitrates.

Statistical Methods

For the purpose of the present analysis, only participants considered healthy at both Visit 1
(1972-75) and Visit 2 (1979-82) were included. As the aim of the study was to investigate
threshold levels for increased risk of CHD, we performed stepwise incremental analyses with
cut-off level increasing from 160 mmHg to 200 mmHg with increments of 5 mmHg.
Participants were divided into groups defined by SBP100W at Visit 1 and Visit 2 (Figure S1).
Group 1 includes participants with SBP100W below cut-off level at both Visit 1 and Visit 2.
Group 3 includes participants with SBP100W equal to or above cut-off level at both Visit 1
and 2, and Group 2 includes participants with SBP100W equal to or above cut-off level at
only one of the two visits, regardless of which. To investigate the risk of CHD, we performed
Cox regression analyses adjusted for age, resting SBP, total serum cholesterol, smoking status
and family history of CHD. We also performed additional analyses adjusting for physical
fitness. Physical fitness was defined as total workload during the exercise test measured in
kilojoules divided by body weight. Due to the increases in cut-off levels, the number of
participants in each group successively changed in each analysis, as Group 1 expanded and

Group 3 diminished.



An alternative and supplementary way of examining the existence of thresholds was
performed by first subdividing the cohort into groups of increasing SBP100W at Visit 2 and
then evaluate the increase in CHD with increasing SBP100W, using the lowest group with
cut-off at 165 mmHg as reference. The rest of the participants were divided into groups of
SBP100W of 10 mmHg. The rationale for this grouping, which was guided by a histogram of
the SBP100W values, was to make larger groups of participants in order to increase the
statistical power. The same multivariate analysis as described above was then performed with
this grouping. Hazard ratios for CHD were plotted against SBP100W to investigate whether
there was a linear association between SBP100W and CHD risk. SBP100W was also used in
the above-mentioned Cox regression analysis as a second-degree term, making a polynomial
function of second degree, in order to further investigate linearity.

The multivariate tests are two-sided, and significance was defined as 0<0.05.
Differences in baseline variables were tested with Chi-square test for categorical data and
Students t-test for continuous variables. Variance is presented as standard deviation (SD).
Statistical analyses were performed with JMP 13.0.0, SAS Institute Inc. (Cary, NC, United

States).

Results

Of the 2,014 participants, 1,392 participants were able to complete the initial six minutes of
the exercise tests at Visits 1 and 2 and were still healthy and not on any long-term
pharmacological treatment at both visits. The 622 participants excluded where not considered
healthy at Visit 2 (n=607) or did not complete the exercise test at Visit 1 (n=15), hence not
included in this study. Baseline characteristics for this cohort of 1,392 participants have been
presented earlier (19, 22) (Table 1). Mean age of the participants at Visit 2 was 56.5 (SD 5.4)

years, mean resting blood pressure 131/84 (SD 18/10) mmHg and their serum cholesterol



averaged 6.4 mmol/l. One-third of the participants were smokers at Visit 2, which was a
small, but significant reduction since enrolment into Oslo Ischemia Study. There were also
significant, but marginal, differences in other baseline parameters. The time from Visit 2 until
end of follow-up was 28 years, and median follow-up time was 20.8 years. During follow-up,
452 events of the combined endpoint of CHD occurred, of which 186 were fatal events. There
were a total of 715 deaths during follow-up.

As cut-off level was adjusted in incremental steps, the number of participants in each
group differed at each step (Table 2). There was also increasing mean SBP100W at each step,
hence, Group 3 was always compared with increasing mean SBP100W in Group 1 (Table 2).

When performing the stepwise multivariate analyses adjusting for Visit 2 variables,
there was a significant increase in risk of CHD in Group 3 compared to Group 1 at all levels
from 165 until 195 mmHg (Table 3, Figure 2, Table S1). HR ranged between 1.3 and 3.0
(mainly between 1.3 and 1.6). The analyses were also performed with cut-off level at 150 and
155 mmHg, as presented in Online Supplement, Table S1 and S2, but the number of
participants in Group 1 was too low to justify inclusion in our discussion. When including
physical fitness in the multivariate analyses, the same pattern occurred, with only minor
differences in HR. In the multivariate analyses, resting SBP became insignificant when
including SBP100W. Also SBP at maximal workload (SBPmax) lost its significant impact in
a combined analysis with SBP100W. SBPmax and SBP100W appear to be widely correlated,
but SBP100W has far greater impact in the multivariate analyses. The same analyses were
also performed with variables from Visit 1 (Table S2 and Table S3), giving essentially the
same results, and only minor differences in HR. When including high-density lipoprotein
cholesterol levels, fasting blood glucose, development of diabetes mellitus and body mass

index in the multivariate analyses, separately, only minor changes occurred (data not shown).



The analyses showed no sign of a distinct threshold level regarding increased risk of
CHD. Additional analyses on SBP100W suggest a linear association between exercise SBP
and CHD risk. Also when SPB100W was used in the multivariable Cox analysis as a second-
degree term, the results did not reveal any threshold level. Further analyses showed increasing
risk of CHD when comparing groups of 10 mmHg increments of SBP100W with a larger
group in the low range of SBP100W at Visit 2, representing an arbitrary group of low
exercise SBP (Table S4). This analysis also suggests a linear relationship (Figure S2). When
performing these analyses with Visit 1 parameters, the results are in line with previous results

of this study; the comparisons were not statistically significant at all levels.

Discussion

In the present study, we aimed to investigate the existence of a threshold level for exercise
SBP at moderate workload, above which there is an association between exercise SBP and
elevated risk of CHD in healthy middle-aged Caucasian men. We compared presumed healthy
males with sustained elevation of exercise SBP during a seven-year, disease-free period, with
men with repeated exercise SBP measurements below a given cut-off. When the predictive
power of an elevated SBP at moderate work-load was tested at increasing cut-off levels,
exercise SBP was a strong, independent predictor of CHD at all levels, with an approximately
linearly increasing effect.

Our additional analysis comparing elevated SBP100W against an arbitrarily defined
group of ‘normal exercise SBP’ provides evidence in line with the rest of the results of this
study. The two main analyses in this study complement each other and support in different
ways the finding of what appears to be a linear relationship between exercise SBP at moderate
workload and CHD, supporting the hypothesis of an inexistence of thresholds. To our

knowledge, this has not been demonstrated before. Our results support the usefulness of SBP



as a strong predictor for CHD, as SBP measured with two different methods independently
predicts CHD in the same cohort of healthy people. The finding of a linear association differs
from previous research suggesting a threshold level for increased risk with high exercise SBP
(3,18, 22)

In our analyses, the association between resting SBP and CHD becomes non-
significant when including SBP100W. This is also the exact point of our meticulous selection
of disease-free, normotensive participants in this study. By excluding participants with
pharmacologically treated hypertension at two examinations with a rather long observation
time in between, we aimed to eliminate the confounding effect of hypertension, thereby
enabling us to investigate exercise SBP. The observation period also makes it possible to
investigate participants without other subclinical CV disease. The excluded participants had
significantly higher levels of risk factors (data not shown) and also presented with CV disease
shortly after Visit 1 (22).With a homogenous and normotensive cohort, it is not surprising that
SBP at rest does not manage to impact the CHD risk in the different groups in our study. We
believe that exercise SBP is a subtle predictor, often becoming clinically insignificant when
comparing to strong risk factors like heritage, resting blood pressure, smoking and
cholesterol, and also after end-organ damage from hypertension already has occurred. We
have shown increased CV risk at exercise blood pressure around 200 mmHg (3, 4, 23), and
most recently as low as 180 mmHg (22). The established risk factors for CHD usually show
linearly increasing risk, without distinct thresholds. The design of the present study permitted
such analysis also for SBP100W, and the finding that even lower values herald adverse
prognosis, may be clinically important. The seven-year observation period is based on the
design of Oslo Ischemia Study, and shorter observation periods, or none, may prove sufficient
if exercise SBP is implemented in clinical practice. Bicycle exercise tests are extensively used

worldwide during ECG stress tests in CHD assessments. The exercise test in our study was



designed specifically for Oslo Ischemia Study and differs from today’s protocol. Therefore,
the use of exercise SBP in clinical risk assessment must await the development of
standardized protocols.

Like resting SBP, exercise SBP at maximal workload, SBPmax, which in almost all of
the participants represented the maximal SBP during the exercise test, loses impact in
combination with SBP100W. Still, all of these variables are highly correlated (data not
shown), and one should be careful to imply loss of impact of other SBP measurements based
on this study solely.

Exaggerated exercise SBP has been correlated to sub-clinical hypertension, including
masked hypertension (9, 15, 24, 25). In our study, we have selected participants without
hypertension through seven years of observation. Considering that, as well as the statistical
adjustment for resting SBP, the risk of CHD is increased. Exercise SBP enables further risk
estimations beyond the well-known risk factors, and also predicts end-organ damage in
treated hypertensive patients reaching treatment target (8). One may therefore argue that
elevated exercise SBP is not merely a sign of sub-clinical hypertension, but may instead be
considered an entity of its own, namely ‘exercise hypertension’. Still, many of the same
underlying mechanisms may be common for essential hypertension and ‘exercise
hypertension’. Research from our group has previously shown a correlation between
increasing moderate-exercise SBP and total vascular resistance, indicative of structural
changes in resistance vasculature (26, 27), and also changes in vasodilation of larger arteries
have been shown in participants with exaggerated SBP during exercise (28), contributing to
the hypothesis that many of the same mechanisms are underlying both forms of high blood
pressure. The theory regarding endothelial dysfunction is supported by more recent research
(29) and a recent review article (30), in which also dysfunction in the renin-angiotensin-

aldosterone pathway is present with increased levels of angiotensin 11 during exercise (31).



Even though forearm vasculature, endothelial dysfunction and renin-angiotensin-aldosterone
pathway dysfunction represent an oversimplified surrogate of central arterial stiffness, it is
likely that arterial stiffness play a significant role in the association between exercise SBP and
CHD, as it is well known that arterial stiffness is a major contributor to hypertension (32).
The clinical relevance of separating these two presentations of high SBP becomes apparent
when it comes to treatment. There is overwhelming evidence regarding treatment of essential
hypertension, whereas high exercise SBP has no recommendations regarding treatment,
although it is often empirically regarded a sign of sub-clinical hypertension, and treated
thereafter. Future research may focus on intervention on exercise SBP, in order to investigate
the optimal level of exercise SBP and whether intervention results in reduced risk of CHD.

In our study, physical fitness is defined as total workload in kilojoules during the test
divided by body weight. The rationale for adjusting for this variable has been discussed in
detail before (4); physical fitness makes a significant impact on CV risk prediction in our
cohort (4, 33, 34). The standard for measuring exercise capacity and fitness is maximal
oxygen uptake (VO2max). Given the equipment available at the time of the exercise tests,
possible application in routine clinical practice and correlation to VO2max (33), our definition
of physical fitness appears to be the best possible measure in our study. The exercise test was
not performed until utmost exhaustion, which might underestimate actual exercise capacity,
possibly greater in fit than unfit participants. This might have underestimated the protective
benefits of being fit on the predictive value of exercise SBP.

The novelty of this study is that when able to select healthy participants, and data from
two exercise tests, as well as performing an exercise test in a highly standardized situation
with the same level of physical activity, exercise SBP is strongly associated with CHD. The
moderate workload used in this study, may very well correspond to physical activity

performed during the day, as running to the bus, walking in stairs, housekeeping etc. A



hypertensive response to this physical stressor will not necessarily be revealed during rest in
seated or supine position. Nonetheless, it will contribute to the overall ‘hypertensive load’ and
hence contribute to the CHD risk.

The main limitation of this study is its observational design. Neither can the results be
directly used in risk estimation in women, very young or elderly patients nor patients of other
ethnicities. The adjustments are also only made with baseline variables, and development of
the known risk factors such as resting SBP, cholesterol or smoking habits during follow-up
has not been taken into account, and may therefore confound our results. The investigation of
temporal changes beyond the initial seven years in other cardiovascular risk factors, as well as
exercise SBP, would further enlighten the association found in our study. Our measurements
are performed manually and non-invasive. The use of invasive methods would probably
increase the accuracy of our measurements, and also provide reliable diastolic blood pressure
during exercise, though with uncertain benefit. Previous studies on this cohort presents
excellent reproducibility of exercise SBP (2), and we believe that the high accuracy of the
SBP measurements in this study rather strongly contributed to the visualizing of the present
findings with two SBP taken in the same study as independent predictors of CHD. High-
density lipoprotein cholesterol (HDL) has shown a strong and inverse correlation to CHD in
this cohort earlier (35), but was not included in our main analyses. When additionally
investigating the impact of HDL in our study, there were only minor changes in risk
suggesting a small protective effect of high levels of HDL (data not shown). Also when
adjusting for development of diabetes mellitus (n=139) and body mass index through 28 years
of follow-up, there is only a negligible effect on the results (data not shown). We have a
moderate number of participants in our study, and when divided into groups, the numbers and
subsequent power for statistical analyses decrease further. This renders the study susceptible

to the play of chance, and our results do not reach statistical significance at certain levels, as



exemplified by the result of the analyses with cut-off at 160 mmHg and 200 mmHg. The
study compensates for this by its long follow-up and relatively large number of events. The
overall lethality from CHD (26%) was as expected for this population. The definition of CHD
and myocardial infarction has in some degree changed during the follow-up period, and may
have influenced our results. Nonetheless, the detection and criteria for myocardial infarction
have generally become more sensitive, and the assessment of CHD has for years been fairly
standardized amongst Norwegian physicians. Hence this may at best result in an

underestimation of the impact on CHD risk implied by exercise SBP.

Conclusion

When investigating exercise SBP at moderate workload measured at two exercise tests in
healthy middle-aged Caucasian men, there is increasing risk of CHD with increasing exercise
SBP. Exercise SBP appears to be strongly associated with CHD, independent of SBP at rest
and other CV risk factors. The association is linear from the low range of exercise SBP and
there is no sign of a distinct threshold level for increased CHD risk, further strengthening SBP

as a predictor for CHD.

Perspectives

Increased risk of CHD has been acknowledged only at very high blood pressures during

moderate workload. The results of our study are the first to imply increased risk from the
normotensive range, hence providing rationale for performing studies on intervention on

normotensive men with a hypertensive response to moderate exercise.
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Novelty and Significance

1) What is new?

When using sustained elevation of exercise systolic blood pressure after seven
years of disease-free observation, elevated exercise systolic blood pressure is a
strong predictor of coronary heart disease and with an approximately linearly
increasing effect over the studied SBP interval.

The association is independent of the classical cardiovascular risk factors

including systolic blood pressure at rest, and also physical fitness.

2) What is relevant?

This study paves the way for future interventional trials seeking to investigate
the potential of intervention on exercise hypertension in order to decrease risk

of coronary heart disease

3) Summary

In the present study, we have investigated the association between elevated
exercise systolic blood pressure and coronary heart disease in a selected cohort
of healthy, middle-aged, Caucasian men performing repeated exercise tests on
100W workload. We found a strong and linear association between exercise
systolic blood pressure and coronary heart disease, and the association is
independent of classical cardiovascular risk factors including systolic blood
pressure at rest. The results provide evidence for increased risk at far lower

exercise systolic blood pressure than earlier acknowledged.



Figure legends

Figure 1.
Flowchart showing follow-up surveys from the Oslo Ischemia Study (left) and the present

study (right). SBP100W: peak exercise systolic blood pressure at 100W workload.

Figure 2.

Hazard ratio with 95 % confidence interval for coronary heart disease in Group 3 (SBP100W
equal to or above cut-off level at both surveys) compared to Group 1 (SBP100W below cut-
off level at both surveys) at each level of SBP100W from 160 mmHg to 200 mmHg, adjusting
for age, resting systolic blood pressure, total serum cholesterol, smoking status and physical
fitness at Visit 2, and family history of coronary heart disease obtained at Visit 1. SBP100W:
peak exercise systolic blood pressure at 100W workload; n: number of participants in Group 3
at current threshold level. CI: confidence interval. *p-value <0.05; **p-value <0.01; ***p-

value <0.001.

Online Supplement, Figure S1.
Grouping of participants based on SBP100W at Visit 1 and Visit 2. SBP100W: peak systolic

blood pressure at 100W workload.

Online Supplement, Figure S2.
Hazard ratios for each Group 1-6 with Group 1 as reference in a multivariate analysis
adjusting for age, resting systolic blood pressure, total serum cholesterol, smoking status and

physical fitness at Visit 2, and family history of coronary heart disease obtained at Visit 1.



SBP100W: peak exercise systolic blood pressure at 100W workload; n: number of

participants (%). Dotted line represents linear regression line.



Table 1. Baseline Characteristics

All participants, n=1392 Visit 1 Visit 2 P-value
(Baseline)

Age, years (SD) 49.2 (5.4) 56.5 (5.4) <0.0001
SBP at rest, mmHg (SD) 127.3 (15.7) 130.7 (17.7) <0.0001
SBP100W, mmHg (SD) 177.3 (21.9) 180.3 (25.4) <0.0001
Family history of CHD, % (SD)” 21.0 (0.4) 21.0 (0.4) N/A

Current smokers, n (%) 546 (39.2) 452 (32.5) <0.0001
Serum cholesterol, mmol/I (SD) 6.6 (1.2) 6.4 (1.2) <0.0001
Physical fitness, kJ/kg (SD) 1.5 (0.6) 1.4 (0.6) <0.0001
Maximal SBP, mmHg (SD) 213.7 (20.7) 216.9 (23.9) <0.0001
Resting DBP, mmHg (SD) 85.6 (9.2) 84.1 (10.2) <0.0001
Resting heart rate, bpm (SD) i 60.9 (9.4) 62.9 (10.2) <0.0001
Fasting blood glucose, mmol/l (SD)§ 4.4 (0.5) N/A N/A

Body mass index, kg/m? (SD) 24.4 (2.6) 24.7 (2.7) <0.0001

Values are presented as number (%) or mean (standard deviation (SD)). Comparisons between Visit 1 and Visit 2 variables are tested with Chi-
square test for smoking and Students t-test for the other variables. “Data collected at Visit 1 only. ¥ n= 1390 at Visit 2.  n= 1391. § n=1382.



Table 2. Mean Peak Systolic Blood Pressure at 100W Workload (SBP100W) in Each Group at Every Cut-off Level of SBP100W

Group 1 Group 2 Group 3
SBP100W 160 mmHg, n (%) 124 (8.9) 229 (16.5) 1039 (74.6)
Visit 1, mmHg (SD) 145.8 (7.4) 160.0 (12.7) 184.9 (19.0)
Visit 2, mmHg (SD) 144.8 (8.2) 160.0 (15.8) 189.1 (21.9)
SBP100W 165 mmHg, n (%) 213 (15.3) 309 (22.2) 870 (62.5)
Visit 1, mmHg (SD) 150.4 (8.7) 164.6 (13.2) 188.4 (18.2)
Visit 2, mmHg (SD) 149.0 (9.6) 165.4 (15.6) 193.2 (21.0)
SBP100W 170 mmHg, n (%) 300 (21.6) 325 (23.3) 767 (55.1)
Visit 1, mmHg (SD) 153.7 (9.5) 166.8 (13.5) 191.0 (17.6)
Visit 2, mmHg (SD) 152.0 (10.2)  170.0 (15.6) 195.9 (20.6)
SBP100W 175 mmHg, n (%) 448 (32.2) 366 (26.3) 578 (41.5)
Visit 1, mmHg (SD) 157.5(10.3) 171.8(14.1) 196.1 (16.6)
Visit 2, mmHg (SD) 156.0 (11.2)  177.2 (16.5) 201.1 (19.7)
SBP100W 180 mmHg, n (%) 547 (39.3) 350 (25.1) 495 (35.6)
Visit 1, mmHg (SD) 159.7 (11.1)  174.6 (14.6) 198.7 (16.2)
Visit 2, mmHg (SD) 158.4 (11.9)  180.5(16.1) 204.4 (19.1)
SBP100W 185 mmHg, n (%) 673 (48.3) 341 (24.5) 378 (27.2)
Visit 1, mmHg (SD) 162.1 (11.9) 178.9 (15.0) 202.9 (15.7)
Visit 2, mmHg (SD) 161.3 (13.1) 185.7 (15.9) 209.3 (18.3)
SBP100W 190 mmHg, n (%) 784 (56.3) 306 (22.0) 302 (21.7)
Visit 1, mmHg (SD) 164.3 (13.0)  181.6 (14.9) 206.8 (14.9)
Visit 2, mmHg (SD) 163.5(13.9) 191.6 (16.0) 212.4 (18.1)
SBP100W 195 mmHg, n (%) 897 (64.4) 274 (19.7) 221 (15.9)



Visit 1, mmHg (SD) 166.2 (13.8)  186.7 (16.3) 210.7 (14.4)
Visit 2, mmHg (SD) 166.2 (15.3)  196.0 (16.0) 217.8 (17.0)
SBP100W 200 mmHg, n (%) 992 (71.3) 230 (16.5) 170 (12.2)
Visit 1, mmHg (SD) 167.8 (14.5)  190.6 (16.5) 214.5 (13.9)
Visit 2, mmHg (SD) 168.5 (16.4)  200.9 (17.5) 220.9 (16.9)

Mean peak systolic blood pressure at 100W workload at Visit 1 and 2 for each group at each cut-off level. SD: standard deviation.



Table 3. Multivariate Analysis Comparing Group 1, 2 and 3 at Different Cut-off Levels

Cut-off level of Group 1 (SBP100W  Group 2 (SBP100W  Group 3 (SBP100W  p-value, compared to

SBP100W <cut-off level at both  >cut-off level atone  >cut-off level at both  Group 1: Group 2;
Visit 1 and 2) Visit) Visit 1 and 2) Group 3

160 mmHg 1.00 1.31 (0.84-2.10) 1.25 (0.84-1.94) 0.23;0.29

165 mmHg 1.00 1.41 (0.99-2.04) 1.40 (1.00-1.99) 0.06; 0.05

170 mmHg 1.00 1.44 (1.05-1.98) 1.50 (1.11-2.04) 0.02; 0.007

175 mmHg 1.00 1.05 (0.80-1.38) 1.45(1.11-1.87) 0.72; 0.006

180 mmHg 1.00 1.09 (0.84-1.41) 1.41 (1.09-1.83) 0.53; 0.009

185 mmHg 1.00 1.08 (0.84-1.38) 1.41 (1.08-1.83) 0.54; 0.01

190 mmHg 1.00 1.20 (0.93-1.54) 1.64 (1.25-2.15) 0.15; 0.0004

195 mmHg 1.00 1.09 (0.82-1.40) 1.35 (1.00-1.81) 0.51; 0.05

200 mmHg 1.00 1.31 (1.00-1.69) 1.28 (0.93-1.75) 0.05; 0.13

Hazard ratio and p-values comparing Group 1, 2 and 3 in a multivariate analysis adjusting for family history of coronary heart disease and Visit 2
values of age, resting systolic blood pressure, serum cholesterol, smoking status and physical fitness. SBP100W: peak exercise systolic blood
pressure at 200W workload.



