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This study investigated whether symptoms of depression
and anxiety were related to the development of elevated
blood presure in initially normotensive adults. The study’s
hypothesis was addressed with an existing set of prospec-
tive data gathered from an age-, sex-, and weight-stratified
sample of 508 adults. Four years of follow-up data were
analyzed both with logistic analysis, which used hyperten-
sion (blood presssure$140 mm Hg systolic or 90 mm Hg
diastolic) as the dependent variable, and with multiple
regression analysis, which used change in blood pressure
as the dependent variable. Five physical risk factors for
hypertension (age, sex, baseline body mass index, family
history of hypertension, and baseline blood pressure lev-
els) were controlled for in the regression analyses. Use of
antidepressant/antianxiety and antihypertensive medica-
tions were controlled for in the study.

Of the 433 normotensive participants who were eligible
for our study, 15% had missing data in the logistic regres-

sion analysis focusing on depression (n 5 371); similarly,
15% of the eligible sample had missing data in the logistic
regression using anxiety as the psychological variable of
interest (n 5 370). Both logistic regression analyses
showed no significant relationship for either depression or
anxiety in the development of hypertension. The multiple
regression analyses (n 5 369 for the depression analysis;
n 5 361 for the anxiety analysis) similarly showed no
relationship between either depression or anxiety in
changes in blood pressure during the 4-year follow-up.
Thus, our results do not support the role of depressive or
anxiety symptoms in the development of hypertension in
our sample of initially normotensive adults. Am J Hy-
pertens 2001;14:660–664 © 2001 American Journal of
Hypertension, Ltd.
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P rospective studies that have examined the relation-
ship of depressive or anxiety symptoms with
blood pressure have been characterized by mixed

results.1–11Of seven prospective studies that examined the
risk of anxiety in normotensive and relatively healthy
participants,1–7 five found that anxious normotensives
were significantly more likely to develop subsequent hy-
pertension or clinically meaningful increases in blood
pressure compared to their nonanxious counterparts.1,3–6

These studies used well-validated measures of anxiety as
well as multivariable techniques to independently assess
anxiety’s influence on subsequent hypertension.

The existing body of prospective studies for symptoms
of depression is less consistent. Of six prospective studies

that examined the relationship between depression and
future elevations in blood pressure,1,2,8–11 three found a
significant effect.1,2,8 The remaining three studies did not
find any association between depression and hypertension.
One of these studies even found that scores indicating
nondepression at baseline (scores in the lowest tertile)
were associated with hypertension.10

According to Jonas et al,1 the lack of consensus among
the prospective studies is due to three factors: insufficient
follow-up time, inadequate sample size, and lack of well-
validated standardized measures. Other methodologic is-
sues to be considered are the use of multivariable analysis
to control for biologic and genetic risk factors, and the
characterization of the baseline sample in terms of hyper-
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tensive and general health status. In response to these
methodologic criticisms, the present study used well-val-
idated psychological measures12–14 in conjunction with
biological measures in a multivariable analysis. The
present study followed normotensive participants drawn
from a study sample previously screened for past medical
and psychiatric illness. The length of follow-up, 4 years, is
longer than the minimum 3 years recommended by Jonas
et al.1 It was hypothesized that symptoms of depression
and anxiety are independent risk factors for developing
hypertension or elevated blood pressure in initially nor-
motensive individuals.

Methods
Participants

The first 4 years of prospective data from the Reno Diet
Heart Study were analyzed on subjects who were normo-
tensive at baseline. The original data set included mea-
sures of diet, weight, blood pressure, medical, and psy-
chological data from a sample of 508 participants, aged 20
to 75 years.15 The original sample was stratified for age
group (20s, 30s, etc.), sex, and obesity classification (de-
fined as 20% above the ideal weight as listed in the
Metropolitan Insurance tables).16 The participants’ eligi-
bility in the Reno Diet Heart Study was determined by the
following criteria: 1) self-assessed to be in good physical
health, 2) 12 or fewer sick days in the previous year, 3)
employed at least half time, 4) no major psychological
problems, and 5) no major current illnesses. Baseline
demographic data revealed low prevalence of serious ill-
nesses among the original sample: less than 5% for kidney
disease, diabetes, history of cancer, and less than 1% for
history of severe mental illness. Participants for the
present study met additional criteria: 1) systolic blood
pressure levels,140 mm Hg and diastolic blood pressure
levels,90 mm Hg at baseline, and not on antihyperten-
sive medication before or during baseline, and 2) complete
data on the psychological measures at baseline. Because
the number of missing cases increased dramatically in our
study by the fifth year of the Reno Diet Heart Study, it was
decided to limit the length of follow-up to the first 4 years.

The sample in the present study was very well edu-
cated, with more than half of the participants being college
graduates. The sample was also primarily white, compris-
ing 95% of the sample. Three percent of the sample was
Hispanic and less than 1% of the sample was Asian
American. A large majority was married (75%) and earned
over $24,000 a year after taxes.

Baseline Measures

The Center for Epidemiologic Studies-Depression Scale
(CES-D) was designed to measure current levels of de-
pressive symptomatology, and should be used as a screen-
ing instrument rather than a diagnostic tool for detecting
cases of major depression.17 In community and patient

samples, the CES-D had much higher sensitivity than
specificity for detecting depression (64% sensitivityv 6%
specificity,18 59% sensitivityv 14% specificity,19 90%
sensitivityv 55% specificity20).

Studies comparing the performance of the General
Well-Being Subscales against standardized clinical inter-
views are not available. However, convergent validity
studies for the General Well-Being Anxiety (GWB-A) and
General Well-Being Depression (GWB-D) Subscales ob-
tained high correlations with various standardized instru-
ments, such as the Zung Self-Rating Depression Scale (r5
0.62), and with the Psychiatric Symptoms Anxiety Sub-
scale (r5 0.76).21 Reliabilities for the two subscales have
been high in both community and patient samples, with r
ranging from 0.77 to 0.78 for the GWB-D, and 0.71 to
0.78 for the GWB-A.1,22

Scores on the CES-D, GWB-D, and GWB-A were used
to measure symptoms of depression and anxiety for each
participant at time zero. Questionnaires were administered
by the staff and checked for completeness to minimize
missing data. To measure depression, scores on the CES-D
and the GWB-D were recoded as a dichotomous variable.
Using the recommended cutoff scores, a subject was coded
as depressed if he or she scored either 1) 16 or higher on
the CES-D scale or 2) 12 or lower on the GWB-D. To
measure anxiety, scores on the GWB-A were recoded as a
dichotomous variable. Using the recommended cutoff
score, subjects who scored 12 or lower on GWB-A were
coded as anxious. Table 1 presents the number of partic-
ipants who were coded as depressed or anxious during
baseline year (time zero).

Every year, blood pressure levels were measured by
trained and certified technicians according to the standard-
ized method using the random zero sphygmomanometer
and hypertension detection and follow-up procedure.23

Before the measurement session began, participants fasted
for 12 h and had not smoked for at least 1 h. The partic-
ipant was seated quietly for 5 min with both feet resting on
the floor and the right arm resting at heart level on a table.
Blood pressure measurements were taken three times, with
the last two measurements separated by at least 1 full min.
The average of the last two measurements was recorded.
Proper cuff size was ensured by having a variety of cuff
sizes available. Data on the other physical variables were

Table 1. Participants who were coded as de-
pressed or anxious at baseline (n 5 370)

No. of
Participants %

Depressed (CES-D .15 or
GWB-D ,13) 43 11.7

Anxious (GWB-A ,13) 57 15.4

CES-D 5 Center for Epidemiologic Studies-Depression scale;
GWB-D 5 general well-being depression subscale; GWB-A 5 gen-
eral well-being anxiety subscale.
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collected by health questionnaires and by height and
weight measurements taken at the University of Nevada
School of Medicine.

Follow-Up Variables

Two types of outcome variables were used. First, dichot-
omous variables of hypertensive status after 4 years of
follow-up were defined by using the cutoff of 140 mm Hg
systolic blood pressure or 90 mm Hg diastolic blood
pressure. Because clinically significant increases that fell
short of the cutoff criteria would not be counted as hyper-
tension, we also calculated changes in blood pressure and
used the change scores as a continuous outcome variable.
Continuous measures of changes in systolic blood pressure
and in diastolic blood pressure were calculated by sub-
tracting the participant’s blood pressure level at baseline
from their final blood pressure level.

The following procedures were used in those cases
where participants were placed on antihypertensive med-
ication. If participants were taking hypertensive medica-
tion at baseline (time zero), they were dropped from the
analyses. If persons were put on hypertensive medication
during their follow-up period, then the highest blood pres-
sure level reached before they were placed on medication
was used as their final blood pressure level. Therefore, for
participants who started antihypertensive medications af-
ter time zero, follow-up periods were less than 4 years.
However,,5% of the participants were affected by this
rule and the average length of follow-up was 3.94 years.
Regarding the use of antidepressants or anxiolytics, sur-
prisingly few participants (n 5 12) admitted to taking
these types of medications at follow-up. Of these, four
participants were coded as depressed at baseline. The low
number of participants on psychoactive medication may
have been in conjunction with the prescreening that ex-
cluded people who self-reported being depressed or re-
ported having been hospitalized for psychiatric disorders.

Statistical Analyses

Separate analyses were conducted to evaluate the effects of
depressive and anxiety symptoms on hypertension and on
changes in systolic and diastolic blood pressure. First, two
logistic regression analyses were conducted to determine
whether symptoms of depression or anxiety were signifi-
cant risk factors for the development of hypertension.
Next, four multiple regression analyses were conducted to
determine whether 1) depression was associated with
changes in systolic blood pressure after follow-up, 2)
anxiety was associated with changes in systolic blood
pressure after follow-up, 3) depression was associated
with changes in diastolic blood pressure after follow-up,
and 4) anxiety was associated with changes in diastolic
blood pressure after follow-up.

The set of multiple regression analyses were performed
to avoid losing information regarding the development of
hypertension. For example, a participant who entered the

study with a systolic blood pressure level of 120 mm Hg
may have experienced an increase of 19 mm Hg systolic
blood pressure by the end of follow-up. But because the
participant’s final systolic blood pressure level of 139 mm
Hg does not meet the cutoff criterion of 140 mm Hg
systolic blood pressure, this participant would not have
been coded as hypertensive, although the participant had a
clinically meaningful increase of 19 mm Hg systolic blood
pressure.3 In contrast, when blood pressure is analyzed as
a continuous variable, clinically significant increases that
fall short of the cutoff criteria for hypertension are tracked.

For both the logistic and multiple regression equation
models, age, sex, family history, baseline obesity, baseline
blood pressure level, and use of either antidepressant or
anxiolytic medication at follow-up were entered first as a
block of variables. Sex, family history of hypertension,
and use of psychoactive medications were scored as di-
chotomous variables. Family history for hypertension was
defined as one or both of the participant’s parents having
a diagnosis of hypertension. Baseline systolic and diastolic
blood pressure levels, age, and baseline body mass index
(BMI) were continuous variables. BMI was defined as
weight/(height)2, where weight was measured in kilo-
grams and height in meters. Finally, depression or anxiety
was entered into the regression equation to determine
whether symptoms of depression or anxiety predicted any
change in blood pressure level independent of the physical
risk factors.

Results
Logistic Regression

Neither depressive nor anxiety symptoms were signifi-
cantly related to the development of hypertension in the
logistic regression analyses. In the logistic regression anal-
ysis that focused on depression (Table 1), 62 participants
of 433 eligible participants were dropped from the analysis
because of missing data, resulting in 371 participants. Men
(P , .01) and those with higher BMI (P , .05) were more
likely to have hypertension at the end of follow-up, com-
pared to women and those with lower BMI. During fol-
low-up, 55 normotensive participants became hyperten-
sive.

In the logistic regression analysis that focused on anx-
iety (Table 2), 63 participants of the 433 eligible partici-
pants were dropped because of missing data, resulting in
370 participants. Men (P 5 .01), and those participants
with higher BMI (P 5 .01) were more likely to have
hypertension at the end of follow-up, compared to women,
and those participants with lower BMI. During follow-up,
54 normotensive participants became hypertensive. Tables
2 and 3 present the results of logistic regression models.

Multiple Regression

For the multiple regression analyses, 72 participants were
dropped from the analyses that focused on anxiety and 64
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participants were dropped from the analyses that focused
on depression due to their hypertensive status at baseline.
Both depression and anxiety were unrelated to changes in
both systolic and diastolic blood pressure in the multiple
regression analyses. All four of the multiple regression
equations were significant (P , .001) and predicted be-
tween 13 and 15% of the total variance (adjusted R2 5
0.13 to 0.15). The combination of significant physical
predictor variables varied for each of the four multiple
regression analyses, and were in the expected direction.
The range of change in systolic and diastolic blood pres-
sure was broad and normally distributed. Age (P , .001)
and higher baseline BMI (P , .001) were associated with
increases in systolic blood pressure, whereas higher base-
line BMI (P , .005) and being male (P , .05) were
associated with increases in diastolic blood pressure.

Discussion
The logistic analyses in our study do not support the
hypothesis that symptoms of depression or anxiety are risk
factors for the future development of hypertension. Thus,
our results are consistent with three of the six prospective
studies that examined the risk associated with depres-
sion,9–11 and with three of the nine studies that examined
the risk associated with anxiety.2,7,10 Our study also cal-
culated changes in blood pressure and used the change
scores as a continuous outcome variable in multiple re-
gression analysis. Three other prospective studies simi-
larly used change scores as a continuous outcome vari-
able.3,5,7Of the three studies, two found that depression or
anxiety symptoms at baseline significantly predicted in-
creases in blood pressure at follow-up.3,5 The third study
found no relationship between psychological factors and
future blood pressure change.7 Our study was similar to
the three studies in that a wide range of changes from
sizeable decreases to sizeable increases in blood pressure
occurred over time. The range of changes in systolic and
diastolic blood pressure reported by Markovitz et al3 was
similar to the range of changes in our study.

Our findings do not negate the possibility that symp-
toms of depression and anxiety are risk factors for hyper-
tension. One possible reason for our results may have been
that participants 60 years and older were not as well
represented in our sample compared to participants who
were in the four younger age groups (20s, 30s, 40s, and
50s). The lower participation rate among the 60-year olds
(60% compared to 86% to 99% among the five younger
age groups) was primarily due to many of the 60-year olds
being hypertensive at baseline, making them ineligible for
our study. Thus, the sample in our study tended to be
younger in age and may not have had sufficient follow-up
time to develop increases in blood pressure. It is also
possible that our study failed to find a relationship due to
the higher rates of dropouts among depressed participants
compared to nondepressed participants (t 5 3.307; P ,
.005).

Another consideration to make when evaluating our
study is the intense scrutiny under which Reno Diet Heart
Study participants were placed at baseline recruitment.
Compared to the majority of prospective studies that mea-
sured psychological factors at baseline and measured
blood pressure only at baseline and final year, the Reno
Diet Heart Study schedule of measurements was much
more intense. The annual measures included blood pres-
sure readings, physical examinations that required fasting
and blood drawing, skin caliper measurements, 24-h and
7-day recall nutritional diaries, as well as a number of
health and psychological questionnaires. This intense scru-
tiny, which originally was seen as a strength, may in fact
have affected the outcome of the study by continually
keeping the participants vigilant of their health status and
motivating them to continually work on improving their
health habits. In addition, the study was biased toward the

Table 2. Logistic regression predicting hyperten-
sion with depression

Factor
Odds
Ratio CI P

Baseline systolic
blood pressure 1.04 (1.01, 1.07) .01

Baseline BMI 1.09 (1.02, 1.16) .02
Age at entry 1.02 (1.0, 1.05) .07
Sex .41 (.22, .79) .01
Parental history of

hypertension .62 (.33, 1.2) .14
Antidepressant/

Anxiolytic use .60 (.14, 2.52) .48
Depression .64 (.14, 1.45) .29
Constant .00

CI 5 confidence interval; BMI 5 body mass index.
Note: Dependent variable coded hypertensive 5 1, normoten-

sive 5 0; n 5 371.

Table 3. Logistic regression predicting hyperten-
sion with anxiety

Factor
Odds
Ratio CI P

Baseline systolic
blood pressure 1.04 (1.01, 1.07) .02

Baseline BMI 1.09 (1.03, 1.17) .01
Age at entry 1.03 (1.02, 1.17) .06
Sex .39 (.20, .75) .01
Parental history of

hypertension .65 (.34, 1.24) .19
Antidepressant/

Anxiolytic use .57 (.14, 2.38) .44
Anxiety .70 (.30, 1.64) .45
Constant .00

Abbreviations as in Table 2.
Note: Dependent variable coded hypertensive 5 1, normoten-

sive 5 0; n 5 370.
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recruitment of “healthy” participants who were not de-
pressed by self-report or hospitalized for a psychological
disorder within the past 5 years.

In conclusion, in light of the several prospective studies
that found a high risk associated with depressive symp-
toms for mortality in patients already diagnosed with
coronary artery disease,24–27 there has been increased in-
terest in major depression and its effects on other chronic
diseases, such as asthma, diabetes, and cancer. The body
of research regarding depression as a possible risk factor
for hypertension is still relatively small and should remain
open to question. Our finding that symptoms of depression
and anxiety were unrelated to changes in blood pressure
was contrary to our hypothesis that they were risk factors
for hypertension or elevated blood pressure. This finding
may be spurious and the possibility remains that there is a
relationship between depression and anxiety and the de-
velopment of hypertension. Despite its limitations, our
study addressed some of the prevailing critiques of the
literature by following an age- and sex-stratified sample of
adequate size (n ranged from 361 to 371), for 4 years,
longer than the minimum 3 years advocated by Jonas et
al.1 Three instruments that have demonstrated good reli-
ability and validity, that is, the Center for Epidemiologic
Studies Depression scale, the General Well-Being Anxiety
Subscale, and the General Well-Being Depression Sub-
scale, were used to measure depression and anxiety. Our
study also controlled for a number of physical risk factors
such as age, sex, BMI, family history of hypertension, and
baseline blood pressure.
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