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Dyslipidemia and the Risk of Incident Hypertension in Men
Ruben O. Halperin, Howard D. Sesso, Jing Ma, Julie E. Buring, Meir J. Stampfer, J. Michael Gaziano

Abstract—Evidence suggests that hypertension may share a similar pathophysiology with cardiovascular disease (CVD).
Thus, dyslipidemia, a strong predictor of CVD, may also predict incident hypertension. We analyzed 3110 men free of
hypertension, CVD, and cancer from the Physicians’ Health Study, who provided baseline blood samples from which
we measured total cholesterol (TC) and HDL cholesterol (HDL-C), and calculated non-HDL-C and the TC/HDL-C
ratio. We categorized each lipid parameter into quintiles and considered National Cholesterol Education Project clinical
cut points. Other risk factor information was provided from self-reports on the baseline questionnaire. Incident
hypertension was defined as either the initiation of antihypertensive treatment, self-reported systolic blood pressure
�140 mm Hg, or diastolic blood pressure �90 mm Hg. Over a mean follow-up of 14.1 years, 1019 men developed
hypertension. In Cox proportional hazards models adjusted for lifestyle and clinical risk factors, men in the highest
quintile of TC, non-HDL-C, and TC/HDL-C ratio had increased risks of developing hypertension of 23%, 39%, and
54%, respectively, compared with participants in the lowest quintile. Furthermore, men in the highest quintile of HDL-C
had a 32% decreased risk of developing hypertension compared with those in the lowest quintile. Models using National
Cholesterol Education Project cut points demonstrated similar associations with hypertension. Models excluding men
with diabetes and obesity maintained an independent association between baseline lipids and hypertension. These
prospective cohort data suggest that dyslipidemias may lead to the subsequent development of hypertension. Thus,
plasma lipids may be useful in the identification of men at risk for hypertension. (Hypertension. 2006;47:45-50.)
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Hypertension is a common condition that affects �50
million Americans1 and is an important risk factor for

cardiovascular disease. Although several risk factors for the
development of hypertension have been identified,2 its etiol-
ogy is still not fully understood.1 Hypertension is commonly
associated with other cardiovascular risk factors, such as
obesity, diabetes, and dyslipidemia.3 The presence of these
cardiovascular risk factors and the resulting endothelial dysfunc-
tion may play a role in the pathophysiology of hypertension.4

Dyslipidemia, a strong predictor of cardiovascular dis-
ease,5 causes endothelial damage,6–8 and the loss of physio-
logical vasomotor activity that results from endothelial dam-
age may become manifested as increased blood pressure
(BP). Therefore, factors like dyslipidemia that cause endo-
thelial dysfunction may lead to hypertension. Cross-sectional
studies have suggested a link between abnormal lipids and
hypertension.4,9,10 A few studies have prospectively examined
the relationship between plasma lipids and the future devel-
opment of hypertension, finding that there is an association
between plasma lipids and development of hypertension.9,10

Small trials have looked at the effect of lipid lowering on
BP.11,12 Additional prospective data on the association of
lipids with hypertension will help us clarify the relationship.

We, therefore, prospectively examined whether total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-C), and
non-high density lipoprotein cholesterol (non-HDL-C) are
associated with the risk of developing hypertension in men
initially free of hypertension.

Methods
Physicians’ Health Study
The Physicians’ Health Study (PHS) was a randomized, double-
blind, placebo-controlled trial of aspirin and �-carotene in the
primary prevention of cardiovascular disease and cancer. The study
consisted of 22 071 male physicians between the ages of 40 and 84
who were free from prior myocardial infarction (MI), stroke, and
cancer (except nonmelanoma skin cancer).13 All of the participants
provided written informed consent, and the Institutional Review
Board at Brigham and Women’s Hospital approved the study
protocol.

Blood Collection, Lipid Analysis, and
Baseline Covariates
Before randomization into the PHS, all 22 071 participants were
asked to provide nonfasting baseline blood samples, which were
collected in EDTA and processed for long-term storage at �80°C.
Specimens were received from 14 916 (68%) of the randomized
physicians. We used previous measurements of TC and HDL-C from
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a study of 4483 healthy subjects for a prior study of renal function.14

Baseline plasma samples had been thawed, and TC and HDL-C
levels were measured on a Hitachi 911 analyzer (Roche Diagnostics)
with reagents from Roche Diagnostics and Genzyme. At baseline,
participants also completed a questionnaire with self-reported demo-
graphic, medical, and lifestyle information. We collected potential
baseline risk factors that may be confounders, such as age (years),
body mass index (kg/m2), smoking status (never, past, or current),
alcohol consumption (rarely/never, monthly, weekly, daily), exercise
to sweat at least once per week (yes or no), diabetes (yes or no), and
parental history of MI �60 years (yes or no).

Among the 4483 men with available TC and HDL-C, we excluded
subjects who reported a history of hypertension, systolic BP (SBP) of
�140 mm Hg, or diastolic BP (DBP) of �90 mm Hg, as well as
those having a history of angina, coronary artery revascularization,
or transient ischemic attack. In addition, we excluded the 23 men
who had either current or past treatment for high cholesterol. After
these exclusions, 3110 subjects remained for analysis.

Hypertension Ascertainment
Subjects completed follow-up questionnaires at 6 months and then
annually thereafter. Mean follow-up was 14.1 years, and maximum
follow-up was 18.6 years. The primary outcome for these analyses is
time to hypertension during follow-up, based on the definition in the
Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
(JNC7).1 For a subject to develop hypertension during follow-up, a
subject must have initiated treatment for hypertension, had a SBP
�140 mm Hg, or had a DBP �90 mm Hg. The diagnosis of incident
hypertension was based on self-reported treatment and BP provided
by subjects. Self-reported BP and/or hypertension has been validated
previously in physicians, female health professionals,15 and the
general population.16 Morbidity and mortality follow-up in the PHS
has exceeded 99% over time.17

Data Analyses
From measurements of TC and HDL-C, we calculated the TC/
HDL-C ratio and non-HDL-C (defined as TC minus HDL-C). Each
lipid parameter (TC, HDL-C, non-HDL-C, and TC/HDL-C ratio)
was then categorized in quintiles, and baseline characteristics were
compared by quintile of TC. We then fitted age- and multivariate-
adjusted Cox proportional hazards models to determine the relative
risks (RRs) and 95% CIs of incident hypertension by quintile of lipid
parameter, using the first quintile as the reference group. The
multivariate model was adjusted for baseline age, body mass index,
diabetes, vigorous exercise, smoking status, alcohol use, and parental
history of MI. We also considered multivariate models that addition-
ally controlled for baseline SBP and DBP to consider the impact of
lipids on the risk of hypertension through mechanisms other than BP.
A linear trend across quintiles for each lipid parameter was tested
with an ordinal variable for the median level within each quintile.
The proportional hazards assumption was tested for the measured
variables, TC and HDL-C, using time-varying covariates and was
found to be valid (P�0.05).

We also considered National Cholesterol Education Project
(NCEP) cut points for additional Cox proportional hazards models
that used clinical values for each lipid parameter.18 To examine the
role of baseline BP on the association between lipids and hyperten-
sion, we modeled the risk of incident hypertension for NCEP cut
points of lipids, stratified by baseline SBP (�120 versus 120 to
139 mm Hg) and DBP (�80 versus 80 to 89 mm Hg) according to
the JNC7 definition of prehypertension.1 Lastly, we examined RRs
when we excluded 138 men with baseline diabetes or a body mass
index �30 kg/m2.

Results
The cohort was followed for up to 18.6 years, during which
1019 men developed hypertension. The mean (SD) ages at
baseline of the men remaining normotensive and developing

hypertension were 47.9 (6.4) and 50.0 (7.0) years, respec-
tively (P�0.0001). The mean TC levels at baseline for the
men remaining normotensive and developing hypertension
were 210.5 (39.6) and 217.7 (40.4) mg/dL, respectively
(P�0.0001). At baseline there was no significant difference
in the percentage of diabetes across quintiles, although there
were very few diabetics at baseline in this cohort. At baseline,
the subjects in the first quintile of TC were younger, leaner,
less likely to smoke, and more likely to exercise at least once
per week (Table 1). The subjects with TC in the first quintile
tended to consume less alcohol; they were less likely to drink
daily (16.7% compared with 24% for the fifth quintile) and
more likely to be nondrinkers (18.5% compared with 10.1%
for the fifth quintile). In Table 2, compared with men in the
lowest TC quintile, there was an age-adjusted 33% increased
risk of developing incident hypertension in the highest TC
quintile (P, trend�0.0003). Adjusting for all of the other
variables modestly attenuated the association of TC with
incident hypertension, with men in the highest quintile having
a 23% increased risk of incident hypertension compared with
those in the lowest quartile (P, trend�0.0067). For HDL-C,
there was an inverse association with the development of
hypertension in both age- and multivariate-adjusted models.
In the multivariate-adjusted model, compared with the lowest
quintile of HDL-C, men in the highest quintile of HDL-C had
a 32% decreased risk of developing hypertension. For non-
HDL-C, those in the highest quintile had a 55% increased risk
of hypertension compared with those in the lowest quintile in
the age-adjusted model (P, trend �0.0001); this RR was
attenuated to a significant 39% increased risk in the multi-
variate-adjusted model (P, trend�0.0001).

We then fitted age- and multivariate-adjusted Cox propor-
tional hazards models using quintiles of the calculated TC/
HDL-C ratio. In the age-adjusted model, compared with
having a TC/HDL-C ratio in the lowest quintile, those in the
highest quintile had an increased risk of incident hypertension
of 69% (P, trend �0.0001). This was attenuated in the
multivariate-adjusted model to 54% for the highest quintile of
TC/HDL-C ratio (P, trend �0.0001). We also considered
adjustment for baseline SBP and DBP in our overall multi-
variate models from Table 2 for each plasma lipid parameter
to evaluate whether plasma lipids impact the risk of hyper-
tension through a mechanism separate from BP. Adjusting for
SBP and DBP attenuated the RRs of hypertension for TC,
non-HDL-C, and the TC/HDL-C ratio but did not alter the
RRs for HDL-C. Even with adjustment for baseline BP, a
statistically significant linear trend remained for each lipid
parameter (P, trend �0.05) except TC (P, trend�0.09).

When we divided the lipid parameters by the NCEP
clinical cut points (Table 3), the RRs of hypertension for the
4 lipid parameters paralleled the analyses of quintiles. In a
multivariate-adjusted model, having a TC �240 mg/dL
compared with a TC �200 was associated with a 22%
increased risk of hypertension (P, trend�0.015). Compared
with the reference group of men with a non-HDL-C �160
mg/dL, a non-HDL-C �190 was associated with a 29%
increased risk of hypertension (P, trend�0.0009). An HDL-C
�40 was associated with a 24% decreased risk compared
with those with an HDL-C �60 (P, trend�0.0021), and a
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TC/HDL-C ratio of �6 was associated with a 47% increased
risk compared with a TC/HDL-C ratio �4.

We then categorized the lipids according to NCEP cut
points with stratification by baseline SBP and DBP, including
the JNC7 definitions for prehypertension of 120 to 139 mm Hg

SBP and 80 to 89 mm Hg DBP (Table 3). In the models
stratified by SBP, the RRs were slightly stronger for those
subjects with baseline SBP �120 mm Hg. For the models
stratified by DBP, the RRs were essentially equal for men
with normal and prehypertensive DBP. Finally, the RRs in

TABLE 1. Baseline Lipid Parameters and Characteristics Among 3110 Men According to Quintiles of Total Cholesterol

Baseline Characteristics

Quintile of Each Lipid Parameter (mg/dL)

1st 2nd 3rd 4th 5th

Total cholesterol* �180 (167) �180 to 200 (192) �200 to 218 (209) �218 to 243 (229) �243 (263)

HDL cholesterol* �31 (27) �31 to 38 (36) �38 to 44 (41) �44 to 53 (49) �53 (61)

Non-HDL cholesterol* �135 (121) �135 to 156 (147) �156 to 176 (167) �176 to 201 (188) �201 (223)

TC/HDL cholesterol ratio* �3.76 (3.28) �3.76 to 4.57 (4.19) �4.57 to 5.49 (5.00) �5.49 to 6.79 (6.05) �6.79 (7.91)

Based Upon Quintiles of Total Cholesterol

Age (y)† 46.8�5.9 48.1�6.5 48.8�7.0 48.8�6.3 50.3�7.2

Body mass index (kg/m2)† 24.0�2.7 24.4�2.7 24.5�2.6 24.5�2.8 24.6�2.7

Current smokers (%) 5.1 6.1 4.7 7.1 5.3

History of diabetes mellitus (%) 0.93 0.64 0.83 0.81 0.96

Parental history of MI �60 years (%) 9.4 8.9 10.0 13.3 11.0

Exercise to sweat �1 time/week (%) 79.7 76.3 76.1 76.5 76.2

Alcohol consumption (%)

�1 drink/day 16.7 16.9 20.8 21.1 24.1

1 to 6 drinks/week 51.1 55.5 55.5 55.8 54.2

1 to 3 drinks/month 13.7 13.8 9.2 11.9 11.6

Rarely/never 18.5 13.8 14.6 11.2 10.1

SBP† 119.1�8.7 120.0�8.7 120.4�8.5 121.3�8.0 121.2�8.4

DBP† 75.3�6.8 75.8�6.6 75.8�6.7 76.4�6.5 76.5�6.3

*Range (median).
†Mean�SD.

TABLE 2. RR and 95% CI of Hypertension by Quintiles of Lipids in 3110 Men

Lipid Parameters/Models

Quintile of Each Lipid Parameter (mg/dL)

1st 2nd 3rd 4th 5th P Trend

TC (mg/dL) �180 �180 to 200 �200 to 218 �218 to 243 �243

No. of cases* �177� �184� �190� �230� �238�

Age-adjusted RR† 1.00 1.03 (0.84 to 1.27) 1.11 (0.91 to 1.37) 1.35 (1.10 to 1.64) 1.33 (1.09 to 1.62) 0.0003

Multivariate-adjusted RR‡ 1.00 1.01 (0.82 to 1.24) 1.07 (0.87 to 1.31) 1.26 (1.03 to 1.54) 1.23 (1.01 to 1.50) 0.0067

HDL cholesterol (mg/dL) �31 �31 to 38 �38 to 44 �44 to 53 �53

No. of cases* �237� �213� �202� �189� �178�

Age-adjusted RR† 1.00 0.84 (0.70 to 1.02) 0.77 (0.64 to 0.93) 0.68 (0.56 to 0.83) 0.65 (0.53 to 0.79) �0.0001

Multivariate-adjusted RR‡ 1.00 0.84 (0.69 to 1.01) 0.80 (0.66 to 0.97) 0.72 (0.59 to 0.87) 0.68 (0.56 to 0.84) 0.0002

Non-HDL cholesterol (mg/dL) �135 �135 to 156 �156 to 176 �176 to 201 �201

No. of cases* �161� �194� �191� �228� �245�

Age-adjusted RR† 1.00 1.12 (0.91 to 1.39) 1.18 (0.95 to 1.45) 1.48 (1.21 to 1.81) 1.55 (1.27 to 1.90) �0.0001

Multivariate-adjusted RR‡ 1.00 1.08 (0.87 to 1.34) 1.10 (0.89 to 1.36) 1.37 (1.12 to 1.69) 1.39 (1.13 to 1.70) 0.0001

TC/HDL cholesterol ratio �3.76 �3.76–4.57 �4.57–5.49 �5.49–6.79 �6.79

No. of cases* �165� �168� �227� �204� �255�

Age-adjusted RR† 1.00 0.98 (0.79 to 1.22) 1.49 (1.22 to 1.83) 1.29 (1.05 to 1.59) 1.69 (1.39 to 2.06) �0.0001

Multivariate-adjusted RR‡ 1.00 0.95 (0.77 to 1.19) 1.42 (1.16 to 1.75) 1.21 (0.98 to 1.50) 1.54 (1.25 to 1.90) �0.0001

*No. of hypertension cases.
†Adjusted for age.
‡Adjusted for age, body mass index, exercise, smoking status, alcohol intake, parental history of myocardial infarction �60 years, and history of diabetes.
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models that excluded men who at baseline had diabetes or a
body mass index �30 kg/m2 mirrored the results for the entire
cohort (Table 4).

Discussion
This prospective study demonstrates that higher levels of
plasma TC, non-HDL-C, and the TC/HDL-C ratio are inde-
pendently associated with a subsequent increased risk of
incident hypertension in apparently healthy men and that
higher levels of HDL-C are associated with a decreased risk
of incident hypertension. Elevated lipid levels appear to
predate the onset of hypertension by years. The relationship

between lipids and hypertension is preserved even after
adjustment for multiple confounders and after the exclusion
of men with diabetes and obesity.

Lipids and BP have been associated in several cross-
sectional studies.4,19,20 Castelli and Anderson19 found that BP
and serum cholesterol were strongly correlated among hyper-
tensive patients, which led to early recommendations to treat
elevated cholesterol in patients with hypertension.5,19

Gaziano et al21 also noted a potential interaction between
elevated cholesterol and hypertension in the development of
MI that suggested a direct relationship rather than the effect
of 2 independent predictors.

TABLE 3. Multivariate-Adjusted* RRs and 95% CIs of Hypertension for NCEP Clinical Cut Points of Each Lipid Parameter Overall and
Stratified by Baseline Blood Pressure (SBP and DBP) According to JNC VII Categories of Prehypertension

Lipid Parameters Overall

By Baseline SBP By Baseline DBP

�120 mm Hg 120 to 139 mm Hg �80 mm Hg 80 to 89 mm Hg

Total cholesterol

�200 mg/dL 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

200–239 mg/dL 1.14 (0.99 to 1.32) 1.06 (0.76 to 1.48) 1.13 (0.96 to 1.33) 0.97 (0.75 to 1.24) 1.23 (1.03 to 1.48)

�240 mg/dL 1.22 (1.04 to 1.44) 1.27 (0.87 to 1.86) 1.13 (0.94 to 1.36) 1.15 (0.87 to 1.52) 1.17 (0.96 to 1.43)

P, trend 0.015 0.24 0.18 0.37 0.11

HDL cholesterol

�40 mg/dL 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

40–59 mg/dL 0.81 (0.70 to 0.92) 0.74 (0.54 to 1.02) 0.83 (0.71 to 0.97) 0.81 (0.64 to 1.03) 0.81 (0.69 to 0.96)

�60 mg/dL 0.76 (0.61 to 0.95) 0.68 (0.41 to 1.14) 0.80 (0.62 to 1.02) 0.77 (0.53 to 1.12) 0.77 (0.58 to 1.01)

P, trend 0.0021 0.066 0.018 0.087 0.015

Non-HDL cholesterol

�160 mg/dL 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

160–189 mg/dL 1.20 (1.03 to 1.40) 0.82 (0.57 to 1.19) 1.27 (1.07 to 1.51) 0.82 (0.62 to 1.08) 1.48 (1.22 to 1.78)

�190 mg/dL 1.29 (1.11 to 1.50) 1.29 (0.91 to 1.83) 1.20 (1.01 to 1.42) 1.27 (0.99 to 1.64) 1.21 (1.00 to 1.46)

P, trend 0.0009 0.24 0.03 0.092 0.035

TC/HDL cholesterol ratio

�4 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

4–�6 1.20 (1.01 to 1.42) 1.18 (0.81 to 1.72) 1.15 (0.95 to 1.40) 1.20 (0.90 to 1.60) 1.15 (0.93 to 1.42)

�6 1.47 (1.23 to 1.76) 1.55 (1.03 to 2.33) 1.39 (1.13 to 1.70) 1.35 (0.98 to 1.84) 1.48 (1.19 to 1.86)

P, trend �0.0001 0.03 0.0009 0.074 0.0002

*Adjusted for age, body mass index, exercise, smoking status, alcohol intake, parental history of myocardial infarction �60 years, and history of diabetes.

TABLE 4. Multivariate* RRs and 95% CIs of Hypertension by Quintiles of Lipids in 2972 Men Without Diabetes and With a Body
Mass Index <30 kg/m2†

Lipid Parameters

Quintile of Each Lipid Parameter (mg/dL)

1st 2nd 3rd 4th 5th P trend

TC (mg/dL) �180 �180 to 200 �200 to 219 �219 to 243 �243

Multivariate-adjusted RR† 1.00 0.99 (0.80 to 1.23) 1.06 (0.86 to 1.32) 1.28 (1.04 to 1.57) 1.24 (1.01 to 1.53) 0.0041

HDL cholesterol (mg/dL) �31 �31 to 38 �38 to 44 �44 to 53 �53

Multivariate-adjusted RR† 1.00 0.86 (0.71 to 1.05) 0.81 (0.66 to 0.98) 0.73 (0.60 to 0.90) 0.72 (0.58 to 0.89) 0.0012

Non-HDL cholesterol (mg/dL) �135 �135 to 156 �156 to 176 �176 to 201 �201

Multivariate-adjusted RR† 1.00 1.04 (0.84 to 1.30) 1.07 (0.86 to 1.33) 1.36 (1.10 to 1.68) 1.36 (1.10 to 1.68) 0.0002

TC/HDL cholesterol ratio �3.76 �3.76 to 4.57 �4.57 to 5.49 �5.49 to 6.80 �6.80

Multivariate-adjusted RR† 1.00 0.89 (0.71 to 1.12) 1.33 (1.08 to 1.65) 1.14 (0.92 to 1.42) 1.46 (1.18 to 1.81) �0.0001

*Adjusted for age, body mass index, exercise, smoking status, alcohol intake, parental history of myocardial infarction �60 years, and history of diabetes.
†Excludes 138 men with baseline diabetes or a body mass index �30 kg/m2.
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A few smaller studies have looked prospectively at the
relationship between plasma lipids and the future develop-
ment of hypertension. A 7-year follow-up of 1039 initially
nondiabetic, nonhypertensive subjects from the San Antonio
Heart Study suggested that risk factors for atherosclerosis,
including triglycerides, also predicted hypertension.9 A pro-
spective study of 1482 adults in Utah followed for 7 years
with 40 cases of incident hypertension reported a significant
age-adjusted RR of 1.42 for a 1 SD increase in triglycerides
(110 mg/dL) and a nonsignificant RR of 0.82 for HDL-C (11
mg/dL).10 We would expect that if dyslipidemia played a role
in the development of hypertension, then treating dyslipid-
emia would have some effect on BP. Data are limited to small
or secondary analyses of the effects of lipid lowering on BP.
A study of intensive cholesterol reduction in 22 patients with
isolated systolic hypertension demonstrated that after 3
months of intensive treatment, SBP (148 versus 154 mm Hg,
P�0.03) and DBP (81 versus 83 mm Hg, P�0.04) were
lower among those assigned to atorvastatin versus placebo.11

The Brisighella Heart Study looked at the effect of different
strategies of lipid lowering on BP, comparing diet, cho-
lestyramine, gemfibrozil, and simvastatin. The investigators
demonstrated a significant decrease in BP in the upper 2
quartiles of SBP (�140 mm Hg) over a 5-year period and
showed that this decrease was greater in subjects treated with
cholesterol-lowering medication and greatest for those treated
with a statin.12 In another study, there was no decrease in BP
among normotensive subjects.22 Glorioso et al23 conducted a
trial of pravastatin in 30 hypertensive, hypercholesterolemic
subjects and demonstrated that, compared with placebo,
treatment with pravastatin significantly decreased systolic,
diastolic, and pulse pressures and blunted the BP increase
induced by the cold pressor test.

The biological mechanisms by which lipids may play a role
in the development of hypertension remain poorly under-
stood. Atherogenic lipid abnormalities clearly cause endothe-
lial dysfunction.4 A dysfunctional endothelium, possibly
through impaired nitric oxide production and activity, as well
as alterations in endothelin-1 and endothelin A and B receptor
expression,24 cannot respond to changes in intravascular
conditions to constrict and dilate as needed. This vasodys-
regulation could lead to an inability or difficulty in vasodi-
latation to appropriate stimuli and eventually to increased
resting BP. Because atherosclerosis can be a diffuse process,
it is possible that hypertension is a manifestation of a diffuse
atherosclerotic process in large conduit arteries, as well as
smaller resistance vessels.4 Nickenig and Harrison7,8 have
linked lipids and hypertension via a mechanism of angioten-
sin I overexpression. Lipid abnormalities and insulin resis-
tance have been associated with sympathetic hyperfunction,25

which may play a role in the development of hypertension.25

It has been suggested that hypertension and dyslipidemia are
associated because they are 2 components of the metabolic
syndrome, and that a common pathway, possibly insulin
resistance or hyperinsulinemia,26 may unite the various ab-
normalities of the syndromes.27 Some have theorized, how-
ever, that hypertension is not an initial component of the
metabolic syndrome, a suggestion borne out by factor anal-
ysis on the various components.26,27 Hypertension, which

often occurs after other components of the metabolic syn-
drome, may instead be a late-stage manifestation, arising
secondary to derangements of other components of the
metabolic syndrome, such as dyslipidemia.26,27 Our prospec-
tive study finds an independent relationship between in-
creased lipid levels and incident hypertension that predates
the development of hypertension by years. This lends support
to the theory that hypertension represents an early manifes-
tation of the atherosclerotic process. Alternatively, more
research is needed to understand the role of hypertension in
the development of dyslipidemia.

Strengths of this study include its long duration, high rates
of follow-up, and the high quality of data provided by health
professionals. High rates of screening for a common illness,
such as hypertension, in this healthy population of physicians
would minimize undetected hypertension. Because the spec-
ificity of hypertension by self-report has been validated
previously,15,28 any misclassification is likely to be underre-
porting, which would tend to underestimate the true strength
of the association. However, we lack information on the
number of BP recordings, which may indicate those with
greater opportunities to have hypertension identified. In our
study, hypertension is predicted on the basis of a single
baseline lipid value and does not account for changes in lipids
over time that may result from dietary changes or initiation of
lipid-lowering medications. At the time of the baseline
questionnaire in 1982, however, it was less common for
people to receive pharmacological treatment for elevated
cholesterol. As rates of treatment increased over the course of
follow-up, the pharmacologically lowered cholesterol levels
would lead to an underestimation of the true association.
Although we adjusted for several covariates, we cannot
exclude the possibility of residual confounding based on
unmeasured or inadequately measured confounders, such as
sodium intake. Also, our study population consists of highly
educated men, the majority of whom are white. Though the
homogenous nature of the cohort eliminates confounding by
race and socioeconomic status, our results may not necessar-
ily be generalizable to minorities and lower socioeconomic
populations. The percentage of subjects that developed inci-
dent hypertension during follow-up, however, is commensu-
rate with trends seen in the general population. From 1988 to
1994, the prevalence of hypertension in the United States
between the ages of 20 and 74 years was �23%, and, in men
over the age of 64 years, that proportion increased to 64%.1

Perspectives
In a large prospective cohort of healthy middle-aged and
older men, we found a significant association between base-
line lipids and the subsequent development of hypertension.
This relationship between a common risk factor for athero-
sclerosis, dyslipidemia, and hypertension suggests that hyper-
tension may be a manifestation of the atherosclerotic process.
Currently not enough is known about the causes of hyperten-
sion, despite its high prevalence, and more studies are needed
to determine whether dyslipidemia actually causes hyperten-
sion. By identifying potential risk factors amenable to inter-
vention, we may eventually be able to reduce the burden of
hypertension and subsequent cardiovascular disease.
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