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Abstract

Background—Previous studies have shown that psychological well-being is associated with
reduced risk of cardiovascular disease. However, whether well-being might be specifically
associated with reduced risk of hypertension has not been rigorously investigated in prospective
studies.

Objective—This study examined the prospective association between two measures of
psychological well-being and incident hypertension.

Methods—~Participants were 6,384 healthy British civil servants age 39 to 63 from the Whitehall
Il cohort. Psychological well-being (emotional vitality and optimism) and cardiovascular risk
factors (demographic characteristics, health status, health behaviors, psychological ill-being) were
assessed during the 1991-1994 baseline. Incident hypertension was defined by clinical measures of
systolic or diastolic blood pressure >140/90 mmHg, self-reported physician-diagnosed
hypertension, or treatment for hypertension. Follow-up assessments of hypertension took place
approximately every three years through 2002-2004. Cox proportional hazards regression models
estimated hazard ratios.

Results—There were 2,304 cases of incident hypertension during the follow-up period. High
versus low emotional vitality was associated with a significantly reduced risk of hypertension in an
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age-adjusted model (hazard ratio = 0.89; 95% confidence interval 0.80-0.98). This association was
maintained after controlling for demographic characteristics and health status, but was slightly
attenuated after adjusting for health behaviors and ill-being. Optimism was not significantly
associated with hypertension.

Conclusions—High emotional vitality was associated with reduced hypertension risk; favorable
health behaviors explained only part of the relationship. Associations did not differ by age, were
similar for men and women and were maintained after accounting for ill-being.

Keywords

well-being; vitality; optimism; hypertension; blood pressure; longitudinal study; Whitehall Il
cohort; health behaviors; risk factors

INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of death in developed countries [1, 2].
Although CVD is often preventable, the burden of disease remains substantial and additional
approaches to prevention are needed [1, 3]. Research has mainly focuses on identifying
modifiable risk factors, but additional insight may also be gained by identifying modifiable
protective factors that can be targets of prevention. Psychological ill-being, often
characterized by high levels of anxiety and depression, is associated with increased risk of
CVD [4, 5]. However, psychological well-being may also be useful to investigate in the
context of CVD.

Psychological well-being can be conceptualized as having positive feelings and thoughts
towards life. It includes constructs such as satisfaction, positive emotion, optimism, and
emotional vitality, and represents something more than simply the opposite or absence of ill-
being [6, 7]. A recent review identified two constructs of psychological well-being as having
consistent associations with reduced risk of CVD: emotional vitality, that is, a whole-hearted
spirit for life and the ability to regulate emotions; and optimism, a tendency to believe that
good events will occur more frequently than bad events [8]. For example, one study found
that both emotional vitality and optimism were associated with up to a 15% reduced risk of
coronary heart disease after adjusting for conventional risk factors [9]. However, little work
to date has considered emotional vitality or optimism in relation to hypertension, a key risk
factor for CVD, as well as an important outcome in its own right [10-12].

Among the limited and primarily cross-sectional studies that have examined the association
between psychological well-being and hypertension, findings are mixed. Some studies have
found a protective effect of psychological well-being in relation to blood pressure [13-15].
For instance, happiness was inversely related to blood pressure levels after controlling for
confounding variables including health behaviors and negative mood [15]. Other studies
have reported a null or weak association between psychological well-being and ambulatory
blood pressure or self-reported hypertension [16-19]. For example, in a two-year follow-up
of older adults, baseline vitality was associated with a reduced risk of incident hypertension,
although the association was attenuated after adjusting for conventional risk factors [18].
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Given the mixed findings and limited number of prospective studies, additional research is
warranted. Thus, our primary aim was to examine the prospective association between
psychological well-being and incidence of hypertension using data from the Whitehall 11
cohort, a large sample of British civil servants. Because emotional vitality and optimism are
robustly associated with CVD [8], those two measures of psychological well-being were
investigated in relation to incident hypertension. We hypothesized that higher levels of
emotional vitality and optimism would be associated with reduced risk of incident
hypertension. We also investigated whether emotional vitality and optimism would be
associated with a risk of hypertension if we considered cases of pre-hypertension as part of
the outcome. Secondary analyses were conducted to assess whether the association between
psychological well-being and hypertension, if any, varied by age or gender.

METHODS

Participants

The Whitehall 11 cohort is comprised of 10,308 British civil servants who were first
examined during 1985-1988 (Phase 1). The Whitehall 1l cohort was initially designed to
examine associations between social class and health, so the current analyses regarding
psychological well-being were conceived after the data was collected. In the current study,
Phase 3 (1991-1994; n = 8,815) was used as the baseline because psychological well-being
(i.e., emotional vitality and optimism) was first measured then. For prospective analyses on
incident hypertension, participants with missing data on psychological well-being (n = 523),
with hypertension at baseline (n = 1,523), or without follow-up information (n = 385) were
excluded, yielding a primary analytic sample of 6,384. When cases of pre-hypertension were
included in the definition of incident hypertension, participants with pre-hypertension were
also excluded at baseline, yielding an analytic sample of 3,112. All participants provided
written informed consent. Human research ethics committees at University College London,
University College London Hospital, and Harvard School of Public Health approved the
research.

Measurement of Emotional Vitality and Optimism

Following previous work, five items regarding active engagement with the world, effective
emotional regulation, and overall feelings of well-being were used to measure emotional
vitality [9, 20]. Three of the five items were drawn from the Short Form-36 [21]. These
included “How much of the time during the past 4 weeks did you feel full of life,” “...have a
lot of energy,” and “...have you been a happy person,” (1 = A/l the time, 6 = None of the
time [reverse-scored]). Two additional items were: “I have a sense of direction and purpose
in my life,” (1 = Strongly disagree, 6 = Strongly agree), and the reverse-scored “How often
do you feel emotionally or mentally exhausted at the end of the day” (1 = Hardly ever/never,
4 = \Very often/always). Each item was standardized (M= 0, SD = 1) and then averaged to
form a composite with good internal consistency reliability (a =.79). Higher scores
indicated greater emotional vitality.

Optimism is defined as the expectation that more good than bad things will happen in life
[22]. Because psychological well-being was not part of the initial focus of the Whitehall |1
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study, only one item was available to assess optimism: “Over the next 5-10 years | expect to
have many more positive than negative experiences” (1 = Strongly disagree, 6 = Strongly
agree).

Analyses were conducted using continuous and tertiled scores of each psychological well-
being indicator. For continuous scores, a standardized score (M= 0, SD= 1) was used to
facilitate interpretation of the findings (i.e., change in risk of hypertension for each standard
deviation increase in psychological well-being). Tertiles of emotional vitality and optimism
were determined by the distribution of scores to examine potential threshold effects. To
categorize emotional vitality tertiles, standardized scores ranging from —3.39 to —0.41 were
low (33.0%), scores from —0.41 to 0.51 were moderate (33.7%), and scores from 0.51 to
2.19 were high (33.3%). To categorize optimism tertiles, standardized scores from —-3.16 to
-0.55 were low (37.4%), scores from —0.55 to 0.32 were moderate (39.2%), and scores from
0.32 to 1.19 were high (23.4%). Tertiles (rather than quartiles) yielded the most even
distribution of participants while also providing a sufficient number of hypertension cases
per tertile.

Because the five items comprising the emotional vitality score were not all available in
subsequent phases, and because optimism was not consistently assessed across the follow-
up, time invariant vitality and optimism as well as covariates were used in all statistical
analyses. Inspection of the distribution of covariates as measured at later phases (e.g., phase
5, phase 7) across baseline levels of psychological well-being suggested the patterning in
covariates was highly similar over time.

Measurement of Hypertension

The primary prospective analyses used assessments of hypertension taken at each phase
between Phase 3 and Phase 7 (2002-2004; mean follow-up 11.8 years, SD = 0.7). Medical
examinations during Phases 3, 5 (1997-1999), and 7 provided clinically assessed levels of
blood pressure. Blood pressure was measured twice while sitting after 5 minutes of rest with
the Hawksley random-0 sphygmomanometer (Phases 3 and 5) and OMRON HEM 907
(Phase 7). The two readings were averaged for measures of systolic and diastolic blood
pressure [23]. Participants with systolic blood pressure (SBP) = 140 mmHg or diastolic
blood pressure (DBP) = 90 mmHg were identified as hypertensive cases. In Phases 4
(1995-1997), 5, and 7, participants also self-reported physician-diagnosed hypertension and
use of hypertensive medication. These were added to the clinically-based criteria for
identifying cases of incident hypertension. Separate analyses examined whether adding pre-
hypertension cases (SBP = 120-140 mmHg; DBP = 80-90 mmHg) to the definition of
incident hypertension altered associations. When pre-hypertension was included in the
definition, the number of new cases of hypertension dropped substantially as individuals
with pre-hypertensive status at baseline were also removed from the analytic sample,
resulting in a highly conservative analysis.

Measurement of Covariates

Factors that could confound associations or be on the pathway linking psychological well-
being with hypertension were included as covariates. Potential confounders included
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demographic covariates assessing age (years), sex (men, women), ethnicity (white, non-
white), marital status (married/cohabitating, other), and employment grade (administrative
[highest level], professional [middle level], clerical/support [lowest level]). Health-related
covariates included physician-diagnosed diabetes (yes, no) and hospital visit for myocardial
infarction (yes, no). Potential pathway covariates that could link psychological well-being
and hypertension included smoking status (current, former, never), alcohol consumption
(low/moderate [women: <15 units/week; men: <22 units/week], high [women: =15 units/
week; men: =22 units/week]), hours of physical activity (<1.5 hours/week, =1.5 hours/week
of moderate and vigorous exercise), daily fruit and vegetable consumption (yes, no), and
body mass index (BMI; kg/m?2). Finally, a broad measure of psychological ill-being was
created with three items from the Short Form-36 [21]. Participants indicated (0 = n70, 1 =
yes) whether emotional problems like depression or anxiety led them to reduce their
activities, accomplish less, or be less careful. Item scores were summed with total scores
ranging from 0 to 3, and higher scores indicating greater ill-being (a = 0.78).

All covariates were measured at the Phase 3 baseline, except for gender (assessed at Phase
1) and ethnicity (derived from the Phase 1 and 5 questionnaires). Covariates were assessed
by self-report, except BMI which was measured in a medical examination. BMI and current/
past smoking status had the most missing data (4.2% and 2.1%, respectively); other
covariates had 0-0.1% missing data.

Statistical Analyses

All analyses were conducted using SAS 9.3 [24] with a 5% level of significance. Multiple
imputation procedures were used to impute missing data on covariates. Cross-sectional
analyses compared baseline levels of psychological well-being across covariates using chi-
square tests and analyses of variance. For prospective analyses, Cox proportional hazards
regression models estimated hazard ratios (HR) and 95% confidence intervals (CI). The
association between continuous psychological well-being and incident hypertension was
examined in four nested models that controlled for baseline covariates. The first model
adjusted for age only; the second model minimally-adjusted for demographics (age, sex,
ethnicity, marital status, employment grade). The third model added health status (diabetes,
myocardial infarction) and the fourth model added behavior-related covariates (smoking
status, alcohol consumption, exercise, fruit and vegetable consumption, BMI). An additional
model adjusted for demographics, health status, and ill-being. Next, tertiles of emotional
vitality and optimism were used to examine possible threshold effects in the same set of
models.

Secondary analyses stratified models by age (<55 years vs. =55 years) and gender (men vs.
women), as well as examined the association between ill-being and incident hypertension.
Further prospective analyses investigated whether psychological well-being was associated
with incident hypertension when pre-hypertensive cases were included. Kleinbaum and
Klein's guidelines [25] for testing the assumption of proportional hazards were followed.
Minor violations of the assumption were found in some models, but overall findings
remained the same when strategies to meet the assumption were implemented. Thus, as
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RESULTS

suggested by others [26, 27], findings with standard proportional hazards models are
presented.

Baseline Characteristics

At the Phase 3 baseline, participants were on average 49.2 years old (SD = 6.0; range
39-63). A majority of participants were men (68.1%) and white (91.8%). Mean BMI was
24.9 kg/m? and participants generally reported no history of diabetes or myocardial
infarction (>99%). Because the distribution of risk factors according to tertiles of emotional
vitality and optimism was highly similar, only descriptive statistics across tertiles of
emotional vitality are presented in Table 1.

Psychological Well-Being and Incident Hypertension

There were 2,304 cases of incident hypertension during the follow-up period. Findings for
the association between emotional vitality and risk of hypertension are presented in Table 2.
In the age-adjusted model, each standard deviation increase in emotional vitality was
associated with a 5% reduced risk of hypertension. The association was maintained when
demographic characteristics and health status were added, and was somewhat attenuated
when subsequent models adjusted for health behaviors. Findings were also somewhat
attenuated after adjusting for ill-being (HR = 0.96, 95% CI: 0.92-1.00). Considering tertiles
of emotional vitality, associations were similar if somewhat more pronounced (Table 2). The
highest emotional vitality levels were significantly related to 10-11% reduced risk of
incident hypertension (95% Cls: 0.80-0.99) in the first three models and 9% reduced risk
(95% CI: 0.82-1.00) after accounting for health behaviors. Effect estimates when adjusting
for ill-being were similar to those obtained after adjusting for health behaviors.

Optimism was not significantly associated with incident hypertension in any of the models.
For example, in the age-adjusted model, continuous (HR = 1.00, 95% CI: 0.96-1.04) and
categorical (highest level; HR = 0.99, 95% CI: 0.89-1.10) optimism was unrelated to
hypertension, and findings were consistent in more fully adjusted models.

Secondary Analyses

Findings regarding the association between optimism and incident hypertension remained
unchanged (i.e., null) when analyses were stratified by age (N<ss years = 4,832; Nx55 years =
1,552) and gender (Nmen = 4,345; Nyomen = 2,039). The association between emotional
vitality and hypertension was similar to findings from the pooled analysis across age groups
and across men and women. Tests of the interactions of emotional vitality with either age or
gender were not significant, suggesting that neither age nor gender moderated the
relationship between emotional vitality and incident hypertension.

I11-being was not significantly associated with incident hypertension when included in
minimally-adjusted models with continuous emotional vitality (ill-being HR = 1.02, 95%
Cl: 0.97-1.08) or with optimism (ill-being HR = 1.02, 95% CI: 0.97-1.08). lll-being on its
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own was also not significantly associated with incident hypertension in minimally-adjusted
models without either psychological well-being variable (HR = 1.02, 95% CI: 0.97-1.08).

When participants who became pre-hypertensive over the follow-up were included in the
definition of case status for incident hypertension (ngases = 1,622), neither emotional vitality
nor optimism was significantly associated with hypertension in any model.

DISCUSSION

The aim of this study was to evaluate the prospective association between psychological
well-being and incident hypertension in middle-aged men and women. Each standard
deviation increase in emotional vitality was significantly associated with a 4-5% reduced
risk of incident hypertension when controlling for demographic characteristics and health
status. Findings were also largely maintained after adjusting for health behaviors and
psychological ill-being. Furthermore, in tertiled analyses, the highest emotional vitality
levels were associated with a 9-11% reduced risk of hypertension, although findings do not
clearly point to a threshold effect or a dose-response gradient. Including cases of pre-
hypertension to our definition of incident hypertension yielded a null association with
emotional vitality. However, it is worth noting that hypertension is a common outcome, with
nearly a third of the sample developing hypertension over the follow-up period, and even
more when adding pre-hypertensive status to the case definition. The high prevalence
suggests there may be many routes to hypertension, and may make it more difficult to parse
the magnitude of risk according to specific risk factors.

Generally, findings with emotional vitality were consistent with those of previous work,
which also found somewhat attenuated associations when covariates were included [18].
Others have suggested that health behaviors may partly account for the relationship between
psychological well-being and hypertension [18, 28], but in the present study the hazard
ratios for the association between emotional vitality and hypertension remained unchanged
while the 95% Cls widened slightly when considering behaviors. Given that the magnitude
of attenuation in the effect estimates was relatively limited with the addition of health
behaviors, it remains unclear as to how strongly these behaviors can contribute to
understanding any observed association between emational vitality and incident
hypertension. Similarly, the association between emotional vitality and hypertension
remained marginally significant when ill-being was taken into account. Although ill-being
was associated with emotional vitality, it seems likely that emotional vitality's association
with incident hypertension is largely independent of ill-being because ill-being on its own
was not associated with hypertension.

Optimism was not associated with incident hypertension, in either overall or stratified
models. While optimism may simply not be related to hypertension, given the relatively
strong association between optimism and CVD [8, 9] other explanations are possible. A
single item measure may be unreliable and make it difficult to detect effects. While other
hypertension studies using multi-item composites have reported null associations [16, 17],
these previous studies were cross-sectional and most measured ambulatory blood pressure
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levels. Thus, it remains unclear whether optimism is prospectively related to incident
hypertension.

The consistency of findings across age and gender groups with regard to emotional vitality
and incident hypertension suggests a robust although small relationship. For example,
stratified analyses indicated that emotional vitality was protective against hypertension for
both younger and older participants, and for both men and women. Other aspects of the
study mitigate concerns about reverse causality. For example, individuals with hypertension
were excluded from analyses to ensure psychological well-being preceded the development
of hypertension.

This study has several strengths. The prospective design across an average of approximately
12 years rigorously investigated the relationship between psychological well-being and
incident hypertension. Using both clinically-assessed and self-reported criteria for
hypertension enhances internal validity, and the large sample size included men and women
of varying ages. Nonetheless, some limitations should be mentioned. Despite its large size,
the sample is somewhat homogeneous. Replication of this study with a more diverse sample
would increase generalizability. Optimism was measured with one item, but other existing
multi-item questionnaires [22] may assess the construct more comprehensively. The
indicators of psychological well-being were measured during a single assessment at study
baseline. Given that psychological well-being is dynamic and may vary over time [29],
different patterns in the relationship between well-being and incident hypertension could be
observed with repeated measures of these psychological constructs. Finally, it is possible
that participants with lower baseline levels of optimism or emational vitality developed
psychological difficulties (e.g., depression) over the course of the study and were lost to
follow-up, which could have influenced the results through selection bias. However, only 4%
of the original baseline sample was excluded before conducting the analyses because of
missing data that were necessary for the Cox regressions, which may lessen concerns about
potential effects of selection bias. Moreover, participants who were included in the analyses
but dropped out later on did not differ significantly in psychological well-being from
participants with complete hypertension information throughout the follow-up period.

These findings add to knowledge regarding the relationship between psychological well-
being and hypertension, and also suggest directions for future research. Given that health
behaviors did not substantially alter associations between emotional vitality and incident
hypertension, other mediating pathways like physiological responses (neuroendocrine,
immune, and inflammatory processes) or modifying psychosocial factors (social support,
coping strategies) should be further examined [30]. Greater insight might also be gained
with repeated measures of psychological well-being over time. For example, in a 24-year
study, individuals exhibiting a trajectory of “increasing depression” had a higher risk of
hypertension compared to individuals with a “low/transient depression” trajectory [31].
Similar analyses could be conducted to determine the extent to which different trajectories
of psychological well-being are related to hypertension.

To our knowledge, this is the first prospective study to examine whether emotional vitality
and optimism have protective effects on incident hypertension over more than a decade. The
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findings add to a growing literature suggesting that interventions that aim to increase
emotional vitality (in addition to decreasing ill-being) may protect cardiovascular health [8].
Recent studies show that cognitive-behavioral therapy or practicing relaxation strategies
influence mental and physical health not only by reducing ill-being, but also by increasing
well-being [32, 33]. Unhealthy behaviors, which may be influenced by psychological well-
being [34], might also be targeted to lower hypertension risk. Future interventions ought to
evaluate the direct impact of such approaches on hypertension.
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Distribution of Covariates at Baseline According to Levels of Emational Vitality

Table 1

Emotional Vitality

Low Moderate High p-value
n=2105 n=2154 n=2125
Mean age, years (SD) 48.21 (5.65) 49.06 (6.03) 50.38 (6.09) < 0.0001
Sex < 0.0001
Male 1,355 (64.37%) 1,475 (68.48%) 1,515 (71.29%)
Female 750 (35.63%) 679 (31.52%) 610 (28.71%)
Ethnicity < 0.0001
White 1,990 (94.54%) 1,981 (91.97%) 1,890 (88.94%)
Non-white 115 (5.46%) 173 (8.03%) 235 (11.06%)
Marital status < 0.0001
Married or cohabitating 1,445 (69.22%) 1,687 (78.36%) 1,738 (81.94%)
Other 647 (30.78%) 466 (21.64%) 383 (18.06%)
Grade of employment 0.0004
Administrative 801 (38.09%) 845 (39.25%) 849 (39.95%)
Professional 1,023 (48.64%) 942 (43.75%) 922 (43.39%)
Clerical 279 (13.27%) 366 (17.00%) 354 (16.66%)
Smoking status 0.0002
Never smoker 1,009 (49.10%) 1,066 (50.81%) 1,114 (53.07%)
Former smoker 710 (34.55%) 715 (34.08%) 742 (35.35%)
Current smoker 336 (16.35%) 317 (15.11%) 243 (11.58%)
Alcohol consumption 0.02
Low/moderate 1,774 (84.32%) 1,797 (83.46%) 1,833 (86.42%)
High 330 (15.68%) 356 (16.54%) 288 (13.58%)
Exercise < 0.0001
< 1.5 hours/week 874 (41.52%) 700 (32.50%) 555 (26.12%)
> 1.5 hours/week 1,231 (58.48%) 1,454 (67.50%) 1,570 (73.88%)
Fruit and vegetable consumption < 0.0001
No 847 (40.24%) 852 (39.55%) 716 (33.69%)
Yes 1,258 (59.76%) 1,302 (60.45%) 1,409 (66.31%)
Mean BMI, kg/m2 (SD) 24.76 (3.62) 25.00 (3.53) 24.94 (3.39) 0.07
Diabetes 0.93
No 2,085 (99.10%) 2,134 (99.16%) 2,107 (99.20%)
Yes 19 (0.90%) 18 (0.84%) 17 (0.80%)
Myocardial infarction 0.83
No 2,099 (99.76%) 2,147 (99.72%) 2,121 (99.81%)
Yes 5 (0.24%) 6 (0.28%) 4 (0.19%)
I1l-being (SD) 0.78 (1.08) 0.20 (0.58) 007 (0.37)  <0.0001

Abbreviations: BMI, body mass index; SD, standard deviation.
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Notes. All covariates were measured at baseline. Percentages refer to the column percent of individuals within each emotional vitality category with

that characteristic. Differences among the proportions or means of each covariate according to level of vitality come from XZ or analysis of
variance tests.
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Table 2

Hazard Ratios and 95% Confidence Intervals for the Association between Emotional Vitality (Continuous and
Categorical Scores) and Incident Hypertension

Hazard Ratio 95% ConfidencelInterval p-value

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Continuous
Model 12 0.95 0.91-0.99 0.02
Model zb 0.95 0.92-1.00 0.03
Model 3¢ 0.96 0.92-1.00 0.03
Model 40’ 0.96 0.92-1.00 0.07
Categorical
Model 17
Low Reference
Moderate 0.93 0.84-1.03 0.15
High 0.89 0.80-0.98 0.02
Model Zb
Low Reference
Moderate 0.93 0.85-1.03 0.19
High 0.89 0.81-0.99 0.03
Model 3¢
Low Reference
Moderate 0.94 0.85-1.03 0.20
High 0.90 0.81-0.99 0.04
Model 4d
Low Reference
Moderate 0.92 0.83-1.02 0.11
High 0.91 0.82-1.00 0.06

Note. There were 6,384 participants and 2,304 cases in each model.

aAdj usted for age

1duosnuep Joyiny

bAdjusted for demographics (age, gender, ethnicity, marital status, and grade of employment)
DAdj usted for covariates in Model 2 and health status (diabetes, myocardial infarction)

Adjusted for covariates in Model 3 and health behaviors (smoking status, alcohol consumption, exercise, fruit and vegetable consumption, body
mass index)
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