1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

/ HHS Public Access

Author manuscript
Am J Med. Author manuscript; available in PMC 2023 July 01.

Published in final edited form as:
Am J Med. 2022 July ; 135(7): 906-914. doi:10.1016/j.amjmed.2022.01.048.

Non-exercise estimated cardiorespiratory fitness and incident
hypertension

Palakben Hasmukhbhai Patel?,
Mitchell Gates?,

Peter KokkinosP<c,

Carl J. Lavied,

Jiajia Zhang®,

Xuemei Sui?

aDepartment of Exercise Science, Arnold School of Public Health, University of South Carolina,
Columbia

bDepartment of Kinesiology and Health, Rutgers University, New Brunswick
®Veterans Affairs Medical Center, Washington, DC

dDepartment of Cardiovascular Diseases, John Ochsner Heart and Vascular Institute, Ochsner
Clinical School- The University of Queensland School of Medicine, New Orleans

eDepartment of Epidemiology and Biostatistics, University of South Carolina, Columbia

Abstract

BACKGROUND: The purpose of the current study is to examine the association between non-
exercise estimated cardiorespiratory fitness and incident hypertension by gender.

METHODS: A total of 5513 participants (4403 men and 1110 women) free of hypertension

from the Aerobics Center Longitudinal Study, were followed for incident hypertension, which was
determined as resting systolic or diastolic blood pressure at least 130/80 mm Hg or physician
diagnosis. Non-exercise estimated cardiorespiratory fitness was estimated in METs (metabolic
equivalent) with sex-specific algorithms which was developed by Jackson. Age, body mass index,
waist circumference, and resting heart rate were used as continuous variable whereas being
physical active and current smoking were dichotomous variable. Multivariable Cox regression
models were used to examine the association between cardiorespiratory fitness and risk of
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developing hypertension. Hazard ratios (HRs) and 95% confidence intervals (Cls) were reported as
an index of strength of association.

RESULTS: During an average follow up of 5 years, 61.7% men and 39.5% women developed
hypertension. In men, the upper and middle tertiles of cardiorespiratory fitness had 22% (95%

Cl 0.71-0.86) and 10% (95% CI 0.82-0.99) lower risk of developing hypertension compared to
those in the lower tertile, respectively. In women, the upper and middle tertiles of cardiorespiratory
fitness had 30% (95% CI 0.55-0.88) and 6% (95% CI 0.74-1.18) lower risk of developing
hypertension. Each one-MET increment was associated with an 10% lower risk of incident
hypertension in the overall sample.

CONCLUSION: Cardiorespiratory fitness estimated using a non-exercise algorithm is inversely
associated with risk of developing hypertension in men and women.
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INTRODUCTION

Primary hypertension prevention remains a global public health challenge; 116 million
(47%) Americans live with hypertension which make it a primary or contributing cause for
nearly half a million deaths in the United States annually!, and worldwide the prevalence
of hypertension is projected to increase around 60% by 20252. Existing data from large
perspective studies such as the Aerobics Center Longitudinal Study (ACLS), Coronary
Avrtery Risk Development in Young Adults (CARDIA) study, and others demonstrate

that cardiorespiratory fitness, an objective indicator of recent habitual physical activity, is
inversely associated with the development of hypertension3-5.

Cardiorespiratory fitness is a strong predictor of cardiovascular morbidity and mortality6-2
and has been shown to improve classification and discrimination of cardiovascular disease
events beyond conventional risk factors®10. The voluminous evidence provides scientific
rationale for the statement released from the AHA proposing that cardiorespiratory

fitness be considered a clinical vital sign1!. However, access to cardiorespiratory fitness

is limited, primarily due to the cost and burden of exercise testing'2 and accordingly

it is not included in common risk algorithms. Non-exercise algorithms that estimate
cardiorespiratory fitness using readily available clinical and self-reported variables, have
been proposed as a promising alternative that overcomes the practical issues of directly
measured cardiorespiratory fitness in healthcare settings®13-15, Recent studies have
documented significant associations between estimated cardiorespiratory fitness algorithms
and a variety of outcomes, such as fatal and non-fatal cardiovascular disease events

and all-cause mortality®13:16, showing relative risk reductions comparable to directly
measured cardiorespiratory fitness. No existing study has associated non-exercise estimated
cardiorespiratory fitness with incident hypertension and therefore, the purpose of the current
study is to examine the relationship between non-exercise estimated cardiorespiratory fitness
and incident hypertension in an ACLS cohort of men and women. The non-exercise
estimated cardiorespiratory fitness formula utilized readily available data from patients’
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health records and could be a valid alternative in risk assessment of hypertension. We
also chose to conduct sex-specific analyses due to the significant interaction between non-
exercise estimated cardiorespiratory fitness and sex (P for interaction < 0.0001).

Study design and participants

Assessment

We analyzed data from the ACLS of men and women who have been examined at the
Cooper Clinic in Dallas, TX. The ACLS is a longitudinal observational study where patients
visited the clinic for periodic preventive medical examinations and for counseling regarding
health and lifestyle habits including, but not limited to exercise, nutrition, and stress
management between 1979 and 200517, Patients came from all 50 states; were unpaid
volunteers sent by their physicians or employers or were self-referred. At the time of their
clinic examination, the ACLS was described to patients who then provided written informed
consent for enrollment in the follow-up study. The Cooper Institute Institutional Review
Board annually reviewed and approved the study protocol.

All participants included in this study were free of hypertension during the first examination
and were followed for incident hypertension (primary outcome) from the follow up
examinations. The frequency of these examinations ranged from 2 to 29. The mean
(interquartile range) interval between two adjunct examinations was 2.1 (1.0 to 2.2) years
with a minimum of 5 months. We included all participants who had complete data to
calculate the non-exercise estimated cardiorespiratory fitness. We then excluded individuals
who met the following criteria: myocardial infarction (n=50), stroke (n=4), cancer (n=157),
body mass index (BMI)<18.5 (n=100), age<20 or age>90 (n=53). Among the eligible
participants, 5513 individuals who had at least two follow-up visits in order to identify
incident hypertension, and therefore became the final analytical sample for the current study.
A flow chart was developed to further illustrate the selection of the study sample (Figure 1).

of non-exercise estimated cardiorespiratory fitness

Non-exercise cardiorespiratory fitness at baseline was estimated in METs (3.5 mL
0,-kg~1-min~1) with the following sex-specific algorithms:14

Cardiorespiratory fitness in men (METs) =21.2870 + (0.1654*age) — (0.0023*age?)
- (0.2318*BMI) - (0.0337*waist circumference) — (0.0390*resting heart rate) +
(0.6351*physically active) — (0.4263*current smoker)

Cardiorespiratory fitness in women (METSs) =14.7873 + (0.1159*age) - (0.0017*age?)
- (0.1534*BMI) - (0.0085*waist circumference) — (0.0364*resting heart rate) +
(0.5987*physically active) — (0.2994*current smoker)

Age, BMI, waist circumference, and resting heart rate are entered as continuous variables,
whereas being physically active and being a current smoker are dichotomous variables with
a value of 1 when present and 0 when absent.
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BMI was calculated from measured height and weight in accordance with standard
procedures during participants’ clinical visit. Waist circumference was measured level with
the umbilicus. Resting heart rate was determined with the participants recumbent after
5-minute rest before the test and was obtained from the resting ECG. Physical activity

was assessed with a five-level physical activity index 1418 based on a formerly validated
questionnaire!®. Physically active was defined as walking or jogging 10 miles or more per
week that was equal to the PA index levels 3 and 4; inactive was defined as walking or
jogging less than 10 miles per week, participating in some other regular physical activity
such as bicycling, swimming, racquet sports, and other strenuous sports, but not walking or
jogging, or no regular activity that was equal to the physical activity index levels 0 to 2.
Participants also reported their smoking status (never smoked, former smokers, or current
smokers). Once the algorithms were implemented, participants” METS value were calculated
as a continuous variable. We then classified all participants into lower, middle, and upper
tertiles of estimated cardiorespiratory fitness groups based on age-specific (20-30, 40-49,
50-59, or =60 years) thirds of the estimated METSs distribution and separated by sex. The
thresholds that defined the three fitness categories were presented in Table 1.

Identification of incident hypertension

Following a standard protocol, resting blood pressure was measured in the seated position
using auscultatory methods with a mercury sphygmomanometer. Systolic and diastolic
pressure was recorded as the first and fifth Korotkoff sounds after at least 5 minutes of
rest. Two readings separated by 2 minutes were averaged. If the first 2 readings differed by
more than 5 mm Hg, additional readings were obtained and averaged.

Incident hypertension was defined as resting systolic or diastolic blood pressure at least
130/80 mm Hg or self-reported, physician-diagnosed hypertension?0. We previously verified
the accuracy of self-reported, physician-diagnosed hypertension in this cohort and observed
98% sensitivity and 99% specificity?L. This method of case ascertainment is similar to

those used in other established epidemiologic studies on hypertension22:23, We used the first
examination as the baseline measure and followed up participants for incident hypertension
from the second through their final examinations. Follow-up was calculated from baseline
examination to the first event of hypertension for those participants who developed
hypertension or the last examination through 2005 for those who were hypertension free.
This method of case identification has been used and described in our previous papers?.

Potential confounders

Potential confounding variables include age, sex, alcohol consumption, diabetes,
hypercholesterolemia, and parental history of hypertension. This information was collected
during baseline examinations according to the Cooper Clinic’s standardized manual of
operation. After an overnight fast of at least 12 hours, an extensive physical examination and
preventive health evaluation were performed. The examination included measures of blood
pressure, blood for chemistry analyses, personal health history, and lifestyle habits. Diabetes
mellitus was defined as a physician diagnosis, insulin use, or fasting glucose =7 mmol/L
(126mg/dL). Hypercholesterolemia was defined as a physician diagnosis or total cholesterol
>6.2 mmol (240 mg/d).
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Statistical analysis

RESULTS

Baseline characteristics of the study population were characterized by estimated
cardiorespiratory fitness tertiles in men and women. Differences in covariates were

tested using /~tests. Sex-specific Cox regression models were used to examine the
association between non-exercise estimated cardiorespiratory fitness and risk of developing
hypertension. Hazard Ratios (HRs) and 95% confidence intervals (CIs) were reported as
an index of the strength of association. Two models were tested: 1) age-adjusted model;

2) multivariable-adjusted model including the following covariates: age (in years), year

of baseline examination, heavy alcohol intake (>14 drinks/week in men, or >7 drinks/
week in women), presence of diabetes or hypercholesterolemia (yes/no for each), and
parental history of hypertension (yes/no). We assessed linear trends in the association

of non-exercise estimated cardiorespiratory fitness with the risk of hypertension. We

also examined non-exercise estimated cardiorespiratory fitness as a continuous variable

so that each HR represents the risk associated with a 1-MET increase in the exposure
variable. We then performed stratified analyses across components of non-exercise estimated
cardiorespiratory fitness, as follows: age (<median, >median), BMI (<median, =median),
waist circumference (<median, =median), resting heart rate (<median, =median), physical
active (inactive, active), and smoking status (current smoker, nonsmoker). The proportional
hazards assumptions were met by comparing the log-log survival plots. Analyses were
conducted in 2021 using SAS, version 9.4, with alpha set at /<.05.

At baseline, the mean (SD) age of the study participants was 42.8 (9.0) yr for men and

42.9 (9.0) yr for women. Men in the upper tertile fitness group were more likely to have

a lower BMI and waist circumference, to have a more favorable lipid and blood pressure
profile, to have a healthier lifestyle (as reflected by smoking and physical activity), and to
have a lower rate of chronic conditions (as reflected by hypercholesterolemia and diabetes)
as compare with lower tertile cardiorespiratory fitness (Table 2). Women in the upper tertile
fitness group were more likely to have a lower BMI, waist circumference and resting heart
rate, to have more favorable blood pressure profile, were less likely to be a current smoker,
and less likely to have hypercholesterolemia and family history of hypertension as compare
with lower tertile cardiorespiratory fitness (Table 3).

During a mean 5 years of follow-up, 61.7% men and 39.5% women developed hypertension.
In the fully adjusted model, there was an inverse association between incremental tertiles

of cardiorespiratory fitness and incident hypertension in the entire cohort and when men

and women were considered separately (Table 4). In the overall sample, upper and middle
cardiorespiratory fitness had 23% (95% C1 0.70-0.84) and 9% (95% CI 0.83-0.99) lower
risk of developing hypertension compared to those in the lower tertiles, respectively. The
risk of hypertension was 10% lower for each 1-MET increase in cardiorespiratory fitness.
The pattern of the association between cardiorespiratory fitnessand incident hypertension

in men was similar as the overall sample. However, only the upper fitness tertile was
statistically different from the referent in women.
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Across strata of the variables in the non-exercise equation in the overall sample (Figure 2),
an inverse association between higher cardiorespiratory fitness and incident hypertension
was observed across age, BMI, waist circumference, and resting heart rate groups (All P for
linear trend < 0.05). In addition, higher level of cardiorespiratory fitness was associated with
lower risk of hypertension among those who were active and those who were not current
smoker.

DISCUSSION

Non-exercise estimated cardiorespiratory fitness demonstrated a graded inverse association
with incident hypertension during follow-up in both men and women in a large cohort with a
wide age range. Various studies have shown that, higher level of cardiorespiratory fitness is
associated with lower risk of hypertension. A recent meta-analysis2® summarized 9 original
studies*17:26-32 from 8 different cohorts and identified a 37% (95% Cl: 30—44%) reduction
in hypertension risk among individuals with high versus low cardiorespiratory fitness and
15% (95% CI: 9-20%) risk reduction with moderated versus low cardiorespiratory fitness
and each 1-MET increment of cardiorespiratory fitness was associated with an 8% risk
reduction of hypertension. Our results are comparable to the Veterans Affairs Medical
Centers Study3® where the authors also reported a 42% lower risk of progression to
hypertension in the High-Fit category (>10 METSs) compared to the Least-Fit category (<6.5
METSs) among 2303 male veterans with prehypertension. The 10% risk reduction per 1-MET
increment of non-exercise estimated cardiorespiratory fitness was consistent with the recent
meta-analysis where cardiorespiratory fitness was objectively measured via maximal or
submaximal exercise test?. To the best of our knowledge there is no study demonstrating an
inverse association between cardiorespiratory fitness estimated from a non-exercise equation
and incident hypertension.

The inverse association between non-exercise estimated cardiorespiratory fitness and
incident hypertension generally was consistent in strata of men and women as well as
across the four components of non-exercise equation (age, BMI, waist circumference, and
resting heart rate). There were no significant gender differences in the hypertension risk
by estimated cardiorespiratory fitness. For both men and women, an inverse association
was observed between higher levels of cardiorespiratory fitness and risk of developing
hypertension and remained significant for model 2. The inverse association between
estimated cardiorespiratory fitness and hypertension was consistent regardless of BMI, but
this is not consistent with the meta-analysis from Cheng et al?®> which showed that the
protective effect of cardiorespiratory fitness in lean subjects (BMI < 25 kg/m?2) was probably
stronger than in overweight/obese participants (BMI > 25 kg/m?). The consistency of our
findings with others reinforces the hypothesis that higher fitness, whether it is indicated
by physical activity level17:33:34 exercise test determined cardiorespiratory fitnessl’ or
algorithm estimated cardiorespiratory fitness is associated with lower blood pressures.

Physical activity is the main determinant of cardiorespiratory fitness3® and although
genetics are a significant contributor, most individuals can raise their fitness through
participation in moderate and vigorous physical activities, such as brisk walking, bicycling,
and jogging, for 30 minutes or more on most days of the week3®. Several mechanisms
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may explain the beneficial impact of physical activity on hypertension. Firstly, some
evidence from randomized control trial and observational studies show that exercise has
favorable effects on SBP/DBP, glucose homeostasis, blood, lipids, body fatness, and
endothelial function, which are affecting factors for hypertension in the body34. Second,
high physical activity is associated to the decreased secretion of pro-inflammatory cytokines,
improved insulin sensitivity, and reduced oxidative stress which can modify the risk

of developing hypertension34-3¢, Furthermore, low physical activity is associated with
increased sympathetic nervous system activity and high levels of cardiometabolic risk
factors including body fat, insulin resistance, inflammation, oxidative stress, and poor lipid
profile3”.

The present study has several limitations. Firstly, we used the 2017 guideline to define
hypertension which significantly limited our sample size since many individuals were
classified with baseline hypertension therefore were removed from the analysis. Secondly,
the number of women in the study were relatively low which limited further subgroup
analyses across sex and the six components of non-exercise estimated cardiorespiratory
fitness. Thirdly, the study was conducted among a group of highly educated non-Hispanic
white participants with middle-to-upper social economic status and limited number of
women which limits the external validity. However, the homogeneity of our sample
strengthens the internal validity of our findings by reducing potential confounding by
unmeasured factors related to socioeconomic status, such as income, education, or

prestige. Medication data were not available in our records. However, we used both
measured blood pressure and physician-diagnosed hypertension based on patients’ report to
identify hypertension events during follow-up examinations, and hopefully some medication
information such as beta blocker, a commonly used blood pressure lowering drug, might be
incorporated into physician’s diagnosis. We did not have sufficient information on dietary
habits to include in our analysis and we did not assess familial fitness or hypertension. It

is possible that residual confounding by these factors may exist, although it seems unlikely
that it would account for all the observed association between estimated cardiorespiratory
fitnessand hypertension. Lastly, the non-exercise equation was chosen based on our previous
work, therefore, we do not know if the key findings might be influenced by cardiorespiratory
fitness estimated from other non-exercise equations. Future studies with larger samples of
women, more diverse population, and estimated cardiorespiratory fitness produced from
other non-exercise equations are warranted to provide a better picture of the relationship
between estimated cardiorespiratory fitness and hypertension.

The current study is the first to examine the association between estimated cardiorespiratory
fitness and incident hypertension. Our result supports the existing literatures in concluding
that fitness determined by a variety of methods is inversely associated with the risk of
developing hypertension. Knowing a patient’s cardiorespiratory fitness level might help
health care providers identify those high-risk patients with low fitness levels for primary
prevention of hypertension such as physical activity counseling. Though we note some
limitations of the study, it has laid a comparative groundwork for future non-exercise
estimated fitness equations to predict incident hypertension in other cohorts which should
include larger numbers of women and more diverse populations.
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Clinical Significance

Access to cardiorespiratory fitness is limited due to the cost and burden of
exercise testing.

Non-exercise algorithms utilizing patients’ health records data can be used to
estimate cardiorespiratory fitness.

This study linked non-exercise estimated cardiorespiratory fitness to incident
hypertension.

Knowing a patient’s fitness level might help health care providers identify
those high-risk patients with low fitness levels for primary prevention of
hypertension.
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Figure 1.

ACLS men and women with complete data to calculate
the non-exercise estimated cardiorespiratory fitness at
baseline and during follow-ups
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Study flow and Aerobics Center Longitudinal Study (ACLS) inclusion criteria depicting

final sample size and incident hypertension frequency. BMI, body mass index.
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Components of the Non-exercise

estimated cardiorespiratory fitness HR and 95% CI P for linear trend
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Figure 2.
Multivariable*-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) of incident

hypertension by tertiles of estimated cardiorespiratory fitness across strata of the variables
in the non-exercise equation in the overall sample. *Adjusted by age, sex, year of baseline
examination, heavy alcohol intake, presence of diabetes and hypercholesterolemia, and
parental history of hypertension. T1 (lower tertile) is the referent. BMI, body mass index;
WC, waist circumference; RHR, resting heart rate.
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The thresholds of the three fitness categories in men and women.

TABLE 1.

Age Groups

20-30year  40-49year  50-59 year >60 year
Non-exercise estimated cardiorespiratory fitness in METSs in men
T1 (Lower third) <13.38 <13.10 <12.47 <11.38
T2 (Middle third) 13.38-14.31 13.10-14.01 12.47-13.36  11.38-12.46
T3 (Upper third) >14.31 >14.01 >13.36 >12.46
Non-exercise estimated cardiorespiratory fitness in METS in women
T1 (Lower third) <10.84 <10.59 <9.90 <9.23
T2 (Middle third) 10.84-11.44 10.59-11.13 9.90-10.62  9.23-9.91
T3 (Upper third) >11.44 >11.13 >10.62 >9.91
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TABLE 2.

Baseline characteristics by fitness categories in men.

Non-exercise estimated cardiorespiratory fitness tertiles

All T1 (lower) T2 (middle) T3 (upper) Plinear Trend
Characteristic (N=4403)  (N=1466) (N=1469) (N=1468)
Age (yr) 42.8(9.0) 43.1(9.2) 42.7 (9.1) 424 (8.7) 0.11
Body mass index 25.1(27) 27.7(25) 24.9 (1.5) 22.9 (1.4) <0.0001
Waist circumference (cm) 89.9(8.5) 97.4(7.4) 89.5(5.1) 82.9(5.7) <0.0001
Resting heart rate 56 (9) 62 (9) 56 (8) 51 (7) <0.0001
Total cholesterol (mmol/L) 53(1.2) 5.5(1.0) 53(1.4) 5.0(0.9) <0.0001
Triglycerides (mmol/L) 1.3(0.9) 1.6 (1.2) 1.2(0.7) 1.0 (0.5) <0.0001
Systolic blood pressure (mmHg) 112 (8) 113 (8) 111 (8) 111 (8) <0.0001
Diastolic blood pressure (mmHg) 72 (5) 73 (4) 72 (5) 71 (5) <0.0001
Fasting blood glucose (mmol/L) 5.4(0.7) 5.5(0.7) 5.4(0.7) 5.3(0.5) <0.0001
Estimated cardiorespiratory fitness (METs) 13.4 (1.2) 12.2(0.9) 13.5(0.5) 14.5 (0.6) <0.0001
Current smoker (%) 14.7 239 13.8 6.4 <0.0001
Heavy alcohol drinker * (%) 58 6.5 5.9 50 0.25
Physically active f'(%) 84.0 66.4 88.6 97.1 <0.0001
Hypercholesterolemia (%) 1a.7 204 15.0 8.7 <0.0001
Diabetes mellitus$ (%) 1.6 2.5 1.9 0.5 0.0001
Parental history of hypertension (%) 10.9 12.4 9.9 10.4 0.06

Data are presented as % or mean (SD).
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*
Heavy alcohol drinker was defined as drinks per week >14 in male or >7 in female. One drink of alcohol is defined as 12 o0z (3.41 dL) of beer, 5

0z (1.421 dL) of wine, or 1.5 0z (0.4262 dL) of hard liquor.

fPhysicaIIy active was defined as have leisure-time physical activity during the past three months.
JtHyperchoIesteroIemia was defined as a physician diagnosis or total cholesterol 26.2 mmol/L.

§Diabetes mellitus was defined as a physician diagnosis, insulin use, or fasting glucose =7 mmol/L.
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TABLE 3.

Baseline characteristics by fitness categories in women.

Non-exercise estimated cardiorespiratory fitness tertiles

All T1 (lower) T2 (middle) T3 (upper) Plinear Trend
Characteristic (N=1110) (N=368) (N=3739) (N=369)
Age (yr) 42.9(9.0) 42.9(9.7) 43.2 (9.0) 425 (8.4) 0.53
Body mass index 222(28) 24.4(3.3) 21.7 (L.7) 20.4 (1.2) <0.0001
Waist circumference (cm) 70.4(7.5) 75.4(8.7) 69.4 (5.7) 66.4 (4.4) <0.0001
Resting heart rate 62 (9) 68 (9) 62 (7) 55 (6) <0.0001
Total cholesterol (mmol/L) 5.0(1.4) 5.1(1.0) 51(2.1) 4.9 (0.8) 0.23
Triglycerides (mmol/L) 1.0(1.6) 1.1(0.7) 1.0(2.6) 0.8 (0.3) 0.06
Systolic blood pressure (mmHg) 105 (9) 106 (9) 106 (9) 104 (9) <0.0001
Diastolic blood pressure (mmHg) 70 (6) 71 (6) 70 (6) 69 (6) 0.001
Fasting blood glucose (mmol/L) 5.6 (1.5) 5.2(0.5) 6.5(2.6) 5.1(0.8) 0.38
Estimated cardiorespiratory fitness (METs)  10.7 (0.8) 9.9 (0.7) 10.8 (0.4) 11.4 (0.4) <0.0001
Current smoker (%) 7.6 13.3 6.2 3.3 <0.0001
Heavy alcohol drinker * (%) 95 101 9.7 8.7 0.80
Physically active f'(%) 84.5 63.0 91.2 99.2 <0.0001
Hypercholesterolemiai(%) 8.7 122 78 6.2 0.01
Diabetes mellitus§(%) 22 16 32 16 0.23
Parental history of hypertension (%) 21.9 245 23.9 17.3 0.03

Data are presented as % or mean (SD).
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*
Heavy alcohol drinker was defined as drinks per week >14 in male or >7 in female. One drink of alcohol is defined as 12 o0z (3.41 dL) of beer, 5

0z (1.421 dL) of wine, or 1.5 0z (0.4262 dL) of hard liquor.

fPhysicaIIy active was defined as have leisure-time physical activity during the past three months.
JtHyperchoIesteroIemia was defined as a physician diagnosis or total cholesterol 26.2 mmol/L.

§Diabetes mellitus was defined as a physician diagnosis, insulin use, or fasting glucose =7 mmol/L.
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TABLE 4.

Association of estimated cardiorespiratory fitness and development of hypertension in men and women.

N/cases Model 1™ Model 21
HR (95% Cl)  HR (95% Cl)

Men

T1 (Lower) 1466/939  1.00 1.00

T2 (Middle) 1469/893  0.87 (0.80-0.96)  0.90 (0.82-0.99)

T3 (Upper) 1468/885  0.74 (0.68-0.81)  0.78 (0.71-0.86)
P for linear trend <0.0001 <0.0001
Per 1- MET increase 0.89 (0.86-0.92)  0.91 (0.88-0.94)
Women

T1 (Lower) 368/149  1.00 1.00

T2 (Middle) 373/142  0.91(0.72-1.14)  0.94 (0.74-1.18)

T3 (Upper) 369/147  0.64(0.51-0.81)  0.70 (0.55-0.88)
P for linear trend 0.0001 0.002
Per 1- MET increase 0.75 (0.66-0.85)  0.79 (0.69-0.89)
All

T1 (Lower) 1834/1088  1.00 1.00

T2 (Middle) 1842/1053  0.88 (0.80-0.95)  0.91 (0.83-0.99)

T3 (Upper) 1837/1032  0.73 (0.67-0.79)  0.77 (0.70-0.84)

P for linear trend

Per 1- MET increase

<0.0001
0.88 (0.85-0.91)

<0.0001
0.90 (0.87-0.93)

*
Model 1 adjusted for age; additional adjusted for gender for all.

fModeI 2 adjusted all variables in model 1 plus year of baseline examination, heavy alcohol intake, presence of diabetes and hypercholesterolemia,
and parental history of hypertension.
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