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BACKGROUND

Few studies have examined the association between a combination
of lifestyle factors and the incidence of hypertension, particularly
among men. This is important as lifestyle factors are often
interrelated, and may often occur in combination. Thus, we
investigated the individual and combined effects of body mass
index (BMI), smoking status, alcohol intake, physical activity (PA),
and cardiorespiratory fitness (CRF) on the incidence of hypertension
in men.

METHODS

Atotal of 14,568 men (mean age = 44.0 + 9.3 years) from the Aerobics
Center Longitudinal Study (ACLS) initially free of hypertension
completed an extensive baseline examination during 1974-2003,
and were followed for the incidence of hypertension.

RESULTS
Atotal of 1,959 men reported having hypertension during a mean of
10.7 £ 7.6 years of follow-up. Our data indicated that a combination

Hypertension is a common chronic condition among US
adults, and represents a major public health problem. Despite
prevention efforts, the prevalence of hypertension has
increased by almost one-fourth over the past 15 years among
adults in the United States, increasing from 22.2% in 1995 to
27.8% in 2007,1% with estimated direct and indirect costs of
hypertension totaling $73.4 billion in 2009.> This increasingly
high prevalence is significant when one considers that hyper-
tension is a risk factor for many adverse health conditions,
including stroke, coronary heart disease, congestive heart fail-
ure, and renal disease.*>

The research literature has consistently shown that lifestyle
factors are associated with the incidence of hypertension.
However, previous research has primarily investigated lifestyle
factors individually, failing to fully examine the association
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of five protective health factors significantly reduced the risk of
hypertension by 47% (95% confidence interval (Cl): 36-56%). We also
found that whether all participants in our sample had five protective
health factors, the incidence of hypertension would be expected to
decrease by 29% (95% Cl: 26-31%). Additionally, having a normal
BMIand being a nonsmoker and physically fit were significantly

and independently associated with a lower risk of developing
hypertension.

CONCLUSIONS

Our results show thatamong men aged 20-82 years, a healthy
lifestyle can significantly reduce the risk of developing hypertension,
and should be considered for the prevention of this chronic
condition.

Keywords: alcohol; blood pressure; body mass index; cardiorespiratory
fitness; hypertension; physical activity; smoking
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between a combination of lifestyle factors and the incidence of
hypertension. This is important when one considers that life-
style factors are often interrelated. Recent research, including
our own work, has begun to explore the association between a
combination of lifestyle factors and adverse health conditions
and outcomes.®"!! These studies have led to a better under-
standing of the etiology of diseases such as coronary heart
disease,!? stroke,? diabetes,” and cancer,!? and have the poten-
tial to improve primary prevention efforts.

A recent report from the Nurses’ Health Study shows that
having more low-risk lifestyle factors can significantly reduce
the risk of developing hypertension among women.!* However,
sample characteristics, and the inclusion of lifestyle factors
such folic acid use, limit the study’s generalizability toward
men. Recent surveillance data indicate that men are a high-
risk group for hypertension, with the prevalence of hyperten-
sion being higher among men (28.1%) than in women (26.4%),
and with prevalence rates increasing at a faster rate as well.?
Examining the association between individual and combined
lifestyle factors and the incidence of hypertension among
men would lead to a better understanding of the etiology of
hypertension, and has the potential to contribute to improved
prevention and treatment strategies. Thus, the purpose of this
study was to investigate the individual and combined effect
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of body mass index (BMI), smoking status, alcohol intake,
physical activity (PA), and cardiorespiratory fitness (CRF) on
the incidence of hypertension in men.

METHODS

Study population. The Aerobics Center Longitudinal Study
(ACLS) is a cohort study that examines the relationship of
PA, CRE and other factors to health-related conditions and
outcomes.'* Study participants came to the Cooper Clinic
(Dallas, TX) for periodic preventive health examinations and
counseling regarding diet, exercise, and other lifestyle factors
associated with an increased risk of chronic disease. Although
many participants were sent to the examination by their
employers, some were referred by their personal physicians,
whereas others were self-referred.

The present study consists of 14,568 men aged 20-82 years
who completed a baseline examination at the Cooper Clinic
during 1974-2003. The sample was predominantly white,
well-educated, and from the middle and upper socioeconomic
strata. At baseline, all participants included in the analysis were
free of known cardiovascular disease and cancer, had a BMI
>18.5kg/m?, and achieved an 85% age-predicted maximal
heart rate (220 — age) during a gradual exercise treadmill test.
Participants also reported no physician diagnosis of hyper-
tension and had a resting blood pressure of <140/90 mm Hg
at baseline. The study protocol was approved annually by the
institutional review board of the Cooper Institute and the pro-
cedures used in the study were in accordance with institutional
guidelines.

Baseline examination. The baseline clinical examination was
conducted after receiving written informed consent from each
participant, and included fasting blood chemistry analyses,
personal and family health history, anthropometry, resting
blood pressure, and an electrocardiogram. Previous studies
have described the baseline examination in detail.!4~16 Briefly,
resting blood pressure was measured in the seated position,
and was recorded as the first and fifth Korotkoft sounds by aus-
cultatory methods after at least 5min of sitting quietly. Resting
blood pressure was measured twice, with readings separated
by 2 min. If the first two readings differed by >5mm Hg, addi-
tional readings were obtained. The average of the readings
was used to determine baseline resting blood pressure. Body
weight and height were measured with a standard physician’s
scale and a stadiometer, and were used to determine BMI.

Serum samples were analyzed using standardized automated
bioassays. Diabetes mellitus was defined as fasting plasma glu-
cose levels 2126 mg/dl or a history of physician-diagnosed dia-
betes mellitus. Information on smoking habits (never, former,
or current smoker), alcohol intake (drinks per week), PA, and
a family history of hypertension were obtained from a stand-
ardized questionnaire. All procedures were administered by
trained technicians who followed standardized protocols.

PA was self-reported, with participants completing a series
of questions about their usual patterns of PA in the 3 months
before the examination. Their responses allowed for the
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creation of a PA index, allowing for PA to be categorized into
low (no activity), moderate (walking, jogging, or running up
to 10 miles/week or participating in sporting or leisure-time
physical activities other than walking, jogging, or running)
and high (walking, jogging, or running >10 miles/week) activ-
ity.!” CRF was measured by a maximal treadmill exercise test
as described previously.!*!> Total treadmill endurance time
(minutes) was used as an index of aerobic power, with time on
the treadmill in this protocol correlated highly (r > 0.92) with
maximal oxygen uptake (VO, __ ) in men.!® Participants were
classified into low-third, middle-third, and high-third groups
based on age-specific tertiles of treadmill time.

Protective health profile. A protective health profile was char-
acterized by the following health factors: light alcohol con-
sumption (1-14 drinks per week), physically active (partici-
pants who did not indicate any activities in the prior 3 months
were classified as physically inactive, all others were classified
active), physically fit (middle and high tertiles of CRF), normal
weight (BMI between 18.5 and 24.9 kg/m?), and not a current
smoker. Based on criteria met, categories of 0, 1, 2, 3, 4, and 5
combined protective health factors were formed.

Ascertainment of hypertension. The incidence of hypertension
was ascertained from responses to mail-back health surveys in
1982, 1986, 1990, 1999, and 2004. Data were not available in
1995 due to the hypertension question not being included in
the mail-back health survey. Participants were asked whether
a physician had ever told them they had hypertension. If they
had, responders were asked to report the year of diagnosis.
For those who completed multiple surveys, the first survey in
which hypertension was reported was used in the analyses. The
cumulative response rate across all survey periods in the ACLS
is ~65%.1%1 Nonresponse bias has been investigated in the
ACLS, and was found not to present a major source of bias.20
This method of case ascertainment is similar to those used in
other well-known epidemiological studies.?!~2* We previously
verified the accuracy of reported hypertension events in this
cohort as 98% sensitivity and 99% specificity.!®

Statistical analysis. Follow-up time was calculated from the date
of the baseline examination until the date of the first hyperten-
sion event, or 1 June 2004, whichever came first. General linear
models were used to test mean differences across number of
health-risk factors. A x>-test was used to compare frequency
differences across the number of health factors. Hazard ratios
and 95% confidence intervals (Cls) were estimated using Cox
proportional hazards models adjusting for examination year
and survey response patterns, along with participant charac-
teristics and confounding variables, including age, baseline
resting systolic and diastolic blood pressure, diabetes, family
history of hypertension, and the presence of other health
factors. Adjusting for survey response patterns and baseline
examination year are standardized ACLS approaches when
identifying outcomes from multiple mail-back surveys.?4-2
Further, the ACLS is an open cohort study with participants
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entering the study at different times. As a result, it's important
to adjust for baseline examination year to account for this varia-
tion. Inspection of empirical cumulative hazards plots (log-log
(survival function) vs. log (time) across number of health-risk
factors) indicated that the proportional hazards assumption
was justified. Population attributable risk of hypertension was
estimated for the five protective health factors.?” Kaplan-Meier
survival curves were constructed to compare the probability of
hypertension events across number of protective health factors.
All statistical analyses were performed by Statistical Analysis
Systems Software (SAS Institute, Cary, NC) and all P values are
two-sided, with an a-level of 0.05.

RESULTS

There were 1,959 incident cases of hypertension after a mean of
10.7 + 7.6 years of follow-up of the 14,568 participants. Table 1
shows baseline characteristics of study participants across sev-
eral modifiable health factors. Study participants were middle-
aged (44.0 + 9.3 years), typically overweight (25.5 + 3.7 kg/m?),
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and predominantly physically active (75.2%) and nonsmokers
(83.4%). The results showed that participants who had a greater
number of protective health factors were more likely to have a
lower BMI, lower systolic and diastolic blood pressure, lower
total cholesterol, and a lower fasting glucose (P, 4 < 0.0001).
Tables 2 and 3 show the association between individual pro-
tective health factors and the incidence of hypertension after
adjusting for age and examination year (model 1), further
adjusting for survey response pattern, resting blood pressure,
diabetes, and a family history of hypertension (model 2), and
further adjusting for each of the other protective health fac-
tors (model 3). We found that BMI, smoking status, and CRF
(models 1, 2, and 3 in Tables 2 and 3) were significantly and
independently associated with the incidence of hypertension.
Specifically, normal weight individuals had a lower risk of
developing hypertension when compared with overweight and
obese individuals (hazard ratio: 0.75; 95% CI: 0.69-0.83), non-
current smokers had a lower risk of developing hypertension
when compared with current smokers (hazard ratio: 0.75; 95%

Table 1| Participant baseline characteristics across number of health factors

Characteristic All 0 1
Number of 14,568 176 1,085
participants
Age (years) 440+9.3 442+88 442+8.6
Body mass index 25.5+3.7 28.0+2.7 27.7+33
(kg/m?)
Metabolic 122+24 92+1.3 9.6+1.3
equivalents (METs)
Systolic blood 117.0+£9.0 118.0+£9.0 117.0+£9.0
pressure (mm Hg)
Diastolic blood 77.0+7.0 78.0+6.0 78.0+7.0
pressure (mm Hg)
Total cholesterol 205.3+37.4 214.2+33.1 215.3+38.2
(mg/dl)
Fasting glucose 98.5+14.2 101.2+16.2 101.5+20.3
(mg/dl)
Smoking status (%)
Never smoker 48.8 0.0 22.5
Former smoker 34.6 0.0 20.2
Current smoker 16.6 100.0 57.3
Alcohol intake 43+6.1 49+10.9 42+82
(drinks/week)
Physical activity (%)?
Low 24.8 100.0 86.5
Moderate 534 0.0 13.1
High 21.8 0.0 0.4
Diabetes (%)° 3.8 7.4 6.4
Family history of 11.6 4.0 8.1

hypertension (%)

Number of health factors

2 3 4 5 Pirend
2,306 3,526 4,584 2,891
446+9.3 44.8+9.3 44.0+9.3 42.7+94 <0.0001
27.1£6.0 264+3.0 25.0%25 23.1£13 <0.0001
102+1.4 11.5+1.8 13.1+£20 14.2+2.1 <0.0001
117.0+9.0 117.0+£9.0 117.0+£10.0 116.0+10.0  <0.0001
78.0£6.0 78.0£6.0 77.0£7.0 76.0x7.0 <0.0001
211.5+38.0 208.8 +38.1 202.2+36.7 196.4+348  <0.0001
99.9+18.1 98.8+125 979+129 96.5£10.8  <0.0001
<0.0001
379 47.1 56.5 60.5
325 353 36.7 39.5
29.6 17.6 6.8 0.0
40+6.8 44+6.7 43+5.7 46+3.5 <0.0001
<0.0001
583 238 6.7 0.0
36.9 60.5 63.2 60.5
4.8 15.7 30.1 39.5
5.6 3.9 29 2.7 <0.0001
8.8 11.9 12.6 13.7 <0.0001

aPhysical activity was categorized into low (no activity), moderate (walking, jogging, or running up to 10 miles/week or participating in sporting or leisure-time physical activities other
than walking, jogging, or running), and high (walking, jogging, or running >10 miles/week) activity. "Diabetes mellitus was defined as fasting plasma glucose levels >126 mg/dl or a

history of physician-diagnosed diabetes mellitus.
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Table 2| Cox proportional hazard ratios for individual health factors and risk of incident hypertension

Protective Health Factors and Hypertension

Model 12 Model 2P Model 3¢

Health factor Number at risk Number of cases HR (95% Cl) HR (95% ClI) HR (95% ClI)
Body mass index

Normal weight (18.5-24.9 kg/m?) 6,992 817 0.43(0.37-0.51) 0.54 (0.46-0.63) 0.60 (0.51-0.71)

Overweight (25.0-29.9 kg/m?) 6,441 934 0.64 (0.55-0.74) 0.73(0.63-0.85) 0.77 (0.66-0.90)

Obese (>30.0kg/m?) 1,135 208 1.00 1.00 1.00
Smoking

Never smoker 7,115 828 0.73(0.64-0.82) 0.68 (0.60-0.77) 0.72(0.64-0.82)

Past smoker 5,038 756 0.78 (0.68-0.88) 0.74 (0.65-0.84) 0.78 (0.68-0.88)

Current smoker 2,415 375 1.00 1.00 1.00
Alcohol intake (drinks per week)

None 4,297 705 0.99 (0.90-1.09) 0.98 (0.89-1.07) 0.98 (0.89-1.08)

Light (1-14) 9,318 1,132 1.18(0.97-1.43) 1.10(0.90-1.33) 1.08(0.88-1.31)

Moderate and heavy (>14) 953 122 1.00 1.00 1.00
Physical activityd

High 3,190 368 0.76 (0.67-0.87) 0.78 (0.68-0.89) 1.01(0.87-1.17)

Moderate 7,772 1,015 0.87(0.79-0.97) 0.90 (0.82-1.00) 1.04(0.93-1.17)

Low 3,606 576 1.00 1.00 1.00
Cardiorespiratory fitness®

High third 4,841 495 0.58(0.52-0.65) 0.62 (0.55-0.69) 0.69 (0.60-0.78)

Middle third 4,800 640 0.80(0.72-0.88) 0.82(0.74-0.91) 0.86 (0.77-0.96)

Low third 4,927 824 1.00 1.00 1.00

Cl, confidence interval; HR, hazard ratio.
aadjusted for age (single year) and examination year. ®Adjusted for variables in model 1 plus survey response pattern, resting systolic and diastolic blood pressure, diabetes, and family
history of hypertension. ‘Adjusted for variables in model 2 plus each of the other variables in the table. 9See Table 1. ®Participants were categorized into groups based on age-specific

tertiles of treadmill time.

CI of 0.67-0.84), and physically fit individuals had a lower risk
of developing hypertension when compared with those who
were physically unfit (hazard ratio: 0.79; 95% CI: 0.71-0.88)
(model 3 in Table 3).

Table 4 depicts the rate of hypertension across the number
of protective health factors at baseline. After adjusting for
multiple factors (model 2), it was found that a combination of
five protective health factors significantly reduced the risk of
hypertension by 47% (95% CI: 36-56%) when compared with
zero to one health factors. Additionally, if all participants in
our sample had five protective health factors, the population
attributable risk results indicate that the incidence of hyperten-
sion would be expected to decrease by 29% (95% CI: 26-31%).
Figure 1 displays Kaplan-Meier curves for the number of pro-
tective health factors. The corresponding log-rank test statistic
was 81.79, P < 0.0001.

DISCUSSION

The results demonstrated that protective health factors, both
in combination and individually, significantly reduced the
risk of developing hypertension among a group of men over
an average period of nearly 11 years. Our data indicated that
having five protective health factors significantly reduced the
risk of hypertension in our sample by 47%. We also found
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Figure 1 | Kaplan-Meier curves for incident hypertension by number
of protective health factors.

that whether all participants in our sample had five protective
health factors, the incidence of hypertension would be
expected to decrease by 29%. Although many studies have
examined the combined effect of protective health factors on
adverse health conditions and outcomes,6~11:13:28-30 fay have
investigated this relationship in hypertension.

In a 14-year longitudinal study by the Nurses’ Health Study
in the United States, having six low-risk factors resulted in a
78% decrease in the risk of developing hypertension, and
a population attributable risk of 78%.!3 Additionally, in a
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Protective Health Factors and Hypertension

Table 3 | Cox proportional hazard ratios comparing low-risk to high-risk groups for incident hypertension
Model 12 Model 2°
HR (95% Cl) HR (95% CI)

Model 3¢

Health factor Number at risk Number of cases HR (95% CI)

Body mass indexd

Normal weight vs. 6,992 817
overweight and obese

0.64 (0.58-0.70) 0.71(0.64-0.77) 0.75(0.69-0.83)

Smoking status

Noncurrent vs. current 12,153 1,584 0.75(0.67-0.84) 0.71(0.63-0.79) 0.75(0.67-0.84)

Alcoholintake (drinks per week)d

Light vs.none and 9,318 1,132
moderate and heavy

0.97 (0.88-1.06) 0.96 (0.88-1.05) 0.97 (0.88-1.06)

Physical activity®

Physically active vs. 10,962 1,383 0.84(0.76-0.93) 0.87 (0.79-0.96) 1.04(0.93-1.16)

physically inactive
Cardiorespiratory fitness’

Physically fit vs. 9,641 1,135
Physically unfit

0.69(0.63-0.76) 0.72(0.66-0.79) 0.79(0.71-0.88)

Cl, confidence interval; HR, hazard ratio.

aadjusted for age (single year) and examination year. ®Adjusted for variables in model 1 plus survey response pattern, resting systolic and diastolic blood pressure, diabetes, and family
history of hypertension. “Adjusted for variables in model 2 plus each of the other variables in the table. 9See Table 2. Noncurrent was defined as never smoker and former smoker,
and current is defined as current smoker. €Physically inactive was defined as participants who did not indicate any activities in the prior 3 months; all other participants were classified
as physically active. Physically unfit was defined as the lowest age-specific tertile of treadmill time, and physically fit was defined as the upper two age-specific tertiles of treadmill time.

Table 4| Cox proportional hazard ratios of the combined protective health factors and incident hypertension

Number of protective health Model 17 fodelies
factors Cases Rate? HR (95% Cl) HR (95% CI)
0-1 224 176.4 1.00 1.00

2 418 159.5 0.90(0.77-1.06) 0.92(0.78-1.08)
3 516 139.0 0.79(0.67-0.92) 0.81(0.69-0.95)
4 530 107.6 0.61(0.52-0.71) 0.65 (0.55-0.76)
5 271 86.6 0.49(0.41-0.59) 0.53(0.44-0.64)
P <0.0001 <0.0001 <0.0001

trend

Cl, confidence interval; HR, hazard ratio.

3Rate per 10,000 person-years adjusted for age and examination year. PAdjusted for age (single year) and examination year. “Adjusted for variables in model 1 plus survey response
pattern, resting systolic and diastolic blood pressure, diabetes, and family history of hypertension.

cross-sectional study among 1,018 Irish men and women aged
50-69 years, the Cork and Kerry Diabetes and Heart Study in
the UK found that having four or more protective lifestyle fac-
tors was associated with a 69% decrease in the risk of having
hypertension.® The Okinawa General Health Maintenance
Association found similar results among 4,857 Japanese men
and women aged 46 * 9 years, as individuals with one risk fac-
tor had a 1.43 times greater risk of developing hypertension at
a 2-year follow-up.?8

Although the results of these previous studies offer an
important contribution to the research literature, we feel
our prospective design with long follow-up offers important
additional information on health factors and hypertension
risk, and that our sample offers greater generalizability to US
adults, particularly men. Additionally, the inclusion of popula-
tion attributable risk in our analysis, which has not been fully
explored when examining the effect of multiple protective
health factors on the incidence of hypertension among men,

AMERICAN JOURNAL OF HYPERTENSION | VOLUME 23 NUMBER 6 | JUNE 2010

provides more information on the risk reduction possible by
the addition of protective health factors.

The present study also found that BMI, smoking status,
and CRF were independently associated with a reduced risk
of developing hypertension, with individual risk reductions
ranging from 21 to 25%. These results are similar to previ-
ous research findings, which have shown that BMI, smoking
status, and CRF are independently associated with the risk of
hypertension.!31516:21.24.30-34 Recent surveillance data indicate
that 70.8% of men in the United States are either overweight
or obese®> and 20.3% are current smokers.? Given these high
proportions, efforts to decrease the prevalence of overweight
and obesity, and programs focusing on smoking cessation and
improving CRE, have the potential to significantly reduce the
risk and incidence of hypertension among men.

Strengths of the present study include a relatively large
sample size (N = 14,568) and a follow-up period of 10.7 + 7.6
years. Additionally, the present study included an extensive
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baseline examination, including objectively measured blood
pressure, BMI, and CREF. Finally, our statistical analysis
extensively adjusted for potential confounders. There are
some limitations that should be considered when interpret-
ing the results of the present study. First, the homogeneity
of the ACLS population on sociodemographic factors
deserves comment. The sample was comprised of men who
were mainly white, of middle to upper class socioeconomic
status, and relatively fit and physically active. Although this
enhances the internal validity of our findings by reducing the
degree of confounding by these factors, our findings may not
generalize well to the general population. Second, many of
the health factors used in this study were self-reported, such
as PA, alcohol consumption, and smoking status. However,
although there are biases associated with self-report meas-
ures, they were minimized as much as possible by using
standardized procedures and validated instruments. Finally,
because of widespread geographical distribution of partici-
pants, we were unable to verify the time of onset of hyper-
tension in all cases. However, it appears that an acceptable
level of agreement exists between the participant’s self-report
histories and their medical records based on a validation
substudy.!>1%:24

Our results indicate that a healthy lifestyle can significantly
reduce the risk of developing hypertension, with substan-
tial decreases in the incidence of hypertension possible on a
population level. Recent research has indicated that while
high-risk hypertensive patients receive high rates of lifestyle
counseling, gaps exist for lifestyle counseling for young and
low-risk hypertensive pa‘[ients.36 Based on these results, it’s
our recommendation that clinicians and public health profes-
sionals incorporate lifestyle modification counseling into the
management of hypertension for both primary and secondary
prevention. In conclusion, the combination of multiple pro-
tective health factors lowered the risk and incidence of hyper-
tension, and should be considered for the prevention of this
chronic disease.
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