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Abstract
Objective—To investigate the independent effects of antihypertensive treatment and blood
pressure (BP) levels on physical and mental health status in patients with arterial disease.

Design—Cross-sectional analyses within the Secondary Manifestations of ARTerial disease
(SMART) study, a single centre cohort study.

Setting—Hospitalized care.

Subjects—5,877 patients (mean age 57) with symptomatic and asymptomatic arterial disease
who underwent a standardized vascular screening.

Main outcome measure—Self-rated physical and mental health assessed with the Short Form
(SF)-36.

Results—In the total population, antihypertensive drug use and increased intensity of
antihypertensive treatment was associated with poorer health status independent of important
confounders including BP levels; adjusted mean differences (95%CI) in physical and mental
health between 0 and ≥3 antihypertensives were -1.2 (-2.1, -0.3) and -3.5 (-4.4; -2.6). Furthermore,
lower systolic and lower diastolic BP levels were related to poorer physical and mental health
status independently of antihypertensive treatment. Mean differences (95%CI) in physical and
mental health status per SD decrease in systolic BP were -0.56 (-0.84; -0.27) and -0.32 (-0.61;
-0.03), and per SD decrease in diastolic BP -0.50 (-0.78; -0.23) and -0.08 (-0.36; 0.20). The
association between low BP and poor health status was particularly present in patients with
coronary artery disease.
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Conclusions—In a population of patients with asymptomatic and symptomatic arterial disease,
antihypertensive treatment and lower BP levels are independently associated with poorer self-rated
physical and mental health. These results might indicate that there are different underlying
mechanisms explaining these independent associations.
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Introduction
Cardiovascular disease is a major health problem worldwide, with ischemic heart disease
and stroke as leading causes of disability and mortality[1]. Improved possibilities to treat
cardiovascular diseases have led to increased survival rates of patients with cardiovascular
disease and have augmented the interest in measuring patient-rated health status including
physical and mental health.

Compared to the general population, self-rated health and quality of life is substantially
lower in patients with symptomatic arterial disease [2-4]. Reduced physical and mental
health not only interferes with daily living, but is among the best predictors of the use of
general medical and mental health services [5], and a strong predictor of new vascular
events and mortality [6-8]. It is therefore important to identify risk factors for reduced
physical and mental health, particularly in high-risk populations.

Hypertension is an established and strong risk factor for cardiovascular disease and has been
associated with poorer health status [9]. Although cardiovascular morbidity and mortality
associated with hypertension has been considerably reduced by antihypertensive drug
therapy, many people experience adverse effects subsequently compromising health status
[10], irrespective of their BP level [11]. With respect to the relation between BP and health
status, both high and low BP have been linked to subjective complaints and reduced health
status [12, 13]. The Hypertension Optimal Treatment (HOT) study showed that lowering of
BP resulted in more subjective complaints but an overall better quality of life [14]; however,
no earlier study has investigated the independent effects of antihypertensive treatment and
both higher and lower BP levels on health status. Also, since patients with vascular disease
are at increased risk for high BP as well as poor functioning, and will also be more
intensively treated for high BP, it is important to study the contributions of BP and treatment
to health status in these patients.

In this study we determined the independent cross-sectional associations of antihypertensive
treatment and BP levels with self-rated physical and mental health, in a large cohort of
patients with symptomatic and asymptomatic arterial disease.

Methods
The SMART study

The Secondary Manifestations of ARTerial disease (SMART) study is an ongoing single-
centre cohort study, started in 1996 in patients who were newly referred to the University
Medical Center Utrecht for the treatment of clinical manifestations of arterial disease or for
the treatment of vascular risk factors. The rationale and design of the SMART study have
been described in detail elsewhere [15]. In short, patients underwent a standardized vascular
screening program and were screened for additional risk factors and severity of
atherosclerosis. Patients were classified into symptomatic or asymptomatic patients based on
referral diagnosis and vascular history. Symptomatic patients were those with manifest
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coronary artery disease (CAD), cerebrovascular disease (CVD), or peripheral arterial disease
(PAD). Patients could have more than one diagnosis. CAD was defined as myocardial
infarction, angina pectoris, coronary artery bypass graft surgery or coronary angioplasty in
the past or at inclusion. CVD was defined as transient ischemic attack or stroke at inclusion
and patients who reported stroke in the past. PAD was defined as surgery or angioplasty of
the arteries supplying the lower extremities, a history of intermittent claudication or rest pain
at inclusion confirmed by a resting ankle-brachial index <0.9 in at least one leg, a history of
aneurysm of the abdominal aorta (AAA; distal aortic diameter≥3cm) or previous AAA
surgery. Asymptomatic patients were those without symptoms of clinically manifest arterial
disease but with vascular risk factors, such as hypertension or diabetes. The Ethics
Committee of our institution approved the study and all patients gave their written informed
consent.

Blood pressure
BP was measured twice in sitting position with a sphygmomanometer and the average of the
two measures was calculated. Systolic and diastolic BP measures were categorized into 4
categories; SBP in ≤120, 121-140, 141-160, and >160mmHg and DBP in ≤70, 71-80, 81-90,
and >90mmHg. Pulse pressure (PP) was calculated as the difference between SBP and DBP.
Antihypertensive drug use was assessed with questionnaires. Antihypertensive treatment
was categorized in using 0, 1, 2, or ≥3 antihypertensive drugs. In addition, antihypertensive
drugs were categorized in use of beta-blockers, diuretics, calcium-channel blockers (CCB),
ACE-inhibitors (ACEi), angiotensin receptor blockers (ARBs), or other antihypertensives.

Self-rated physical and mental health
Patients completed the SF-36, which is a widely used and well-validated questionnaire for
assessing multidimensional aspects of self-rated health status[16]. The SF-36 is organized
into eight multi-item health domains: general health perception, bodily pain, physical
functioning, role limitations because of physical health problems, mental health, vitality,
social functioning, and role limitations because of emotional problems. Raw scale scores are
transformed into a variable (range 0–100), with lower scores indicating lower levels of well-
being. As a measure of physical health status, the first four domains were combined into a
physical component summary scale. The last four domains were combined into a mental
component summary scale as a measure of mental health status. Component scales were
positively scored and normalized to a general population mean of 50. Since the domain
scales were not normally distributed, scores were additionally dichotomized in low (lowest
quartiles) and high (highest three quartiles).

Covariates
At inclusion, subjects completed a questionnaire covering medical history, symptoms of and
risk factors for cardiovascular disease, family history, current medication use, smoking
habits, and alcohol intake. A standardized diagnostic protocol was performed, including
physical examination and laboratory tests. Body mass index (BMI) was calculated as kg/m2.
Total cholesterol, HDL, and triglycerides were measured with commercial enzymatic kits.
LDL was calculated with Friedewald’s formula. Hyperlipidemia was defined as a referral
diagnosis of hyperlipidemia, use of lipid-lowering drugs, a known history of hyperlipidemia,
or high cholesterol levels (total cholesterol ≥5.0mmol/L, LDL cholesterol ≥3.0mmol/L).
Diabetes mellitus was defined as a referral diagnosis of diabetes, self-reported use of
glucose-lowering agents, a known history of diabetes or a fasting plasma glucose level
≥7.0mmol/L at baseline. Ultrasonography was performed with a 10-MHz linear-array
transducer (ATL Ultramark 9) by certified ultrasound technicians at the Department of
Radiology. Mean carotid intima-media thickness (IMT)(mm) was calculated for each patient
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based on 6 far-wall measurements of the left and right common carotid arteries as previously
described[17].

Analytical sample
The SF-36 questionnaire was added to the assessment in October 2001. Between October
2001 and March 2010 5,877 patients were included in the SMART study.

Data-analysis
We used multiple imputation (10 datasets) to address the missing baseline values in the
study sample of 5,877 patients using the statistical program R (AregImpute)[18]. Data were
analyzed with SPSS version 19.0 (Chicago, IL, USA) by pooling the 10 imputed data sets.
Percentages of missing values before imputation are given in the footnote of table 1. Patients
characteristics were calculated according to categories of SBP (≤120, 121-140, 141-160,
>160mmHg) for patients with and without antihypertensive treatment.

Antihypertensive treatment—Linear regression models were used to estimate the cross-
sectional association of antihypertensive treatment (yes/no) with the composite scores of
physical and mental health status. Adjustments were made for demographics (age, sex) and
BP levels (model 1) and additionally for cardiovascular risk factors (BMI, smoking, alcohol,
DM, hyperlipidemia, carotid IMT) and other medication use (platelet inhibitor, lipid-
lowering, glucose-lowering, or antidepressant medication) (model 2). To take into account
the effect of BP levels in the relation between antihypertensive treatment and health status,
these analyses were stratified for SBP categories (≤120, 121-140, 141-160, >160mmHg).
Also, analysis of covariance (ANCOVA) was used to estimate the mean adjusted physical
and mental health composite scores for the number of antihypertensive drugs used (0, 1, 2,
≥3). In addition, within patients using antihypertensive medication (N=3,974), types of
antihypertensive drugs (beta-blockers, diuretics, CCB, ACEi, ARBS) were associated with
health status. These analyses were adjusted according to model 2 and were further adjusted
for use of other antihypertensive drugs. To further take into account the confounding effect
of use of other antihypertensive drugs, additional analyses were performed restricting the
sample size to patients using antihypertensive monotherapy (N=1,714).

Blood pressure—Regression analyses were used to estimate the cross-sectional
association of BP levels (SBP, DBP, and PP; continuous) with self-rated physical and
mental health status (composite scores). Analyses were adjusted for demographics and
antihypertensive treatment (model 1) and additionally for cardiovascular risk factors and
other medication use (model 2). To explore whether there was a non-linear relation between
BP and health status, quadratic terms of SBP, DBP, or PP were incorporated in the
regression models. Also, ANCOVA was used to calculate mean (SE) adjusted mental and
physical composite scores for categories of SBP (≤120, 121-140, 141-160, >160mmHg) and
DBP in (≤70, 71-80, 81-90, >90mmHg). To take into account the effect of antihypertensive
treatment in the relation between BP and health status, these analyses were stratified for
antihypertensive treatment (yes/no).

To investigate whether the underlying arterial disease influences the association of
antihypertensive treatment and BP measures with health status, through for example
confounding by indication, additional analyses were performed within the separate arterial
disease categories (asymptomatic, CAD, CVD, PAD) using the models described above and
interaction terms between BP or antihypertensive treatment with arterial disease categories
were added to the models. Also, log-binomial and Poisson regression models with robust
standard errors were used to estimate relative risks of poor physical and mental health status
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(domain scores: lowest quartile vs. highest three quartiles) associated with antihypertensive
treatment and BP levels.

Results
In the study sample of 5,877 patients, mean (range) age was 56 years (17-82) and the
majority was men (67%). Of the sample, 1,933 (33%) had asymptomatic arterial disease,
2,547 (43%) had CAD, 1,061 (18%) had CVD, and 869 (15%) had PAD. The mean (range)
of self-rated physical and mental health scores were 43 (7-68) and 49 (9-75), respectively. In
addition, 82% had hypertension and 3,971 (68%) used antihypertensive medication.

Patients using antihypertensive medication were older, more often men, had more
symptomatic arterial disease, diabetes, and hyperlipidemia, had thicker carotid IMT, and
used more other medications such as platelet inhibitor, lipid-lowering, and glucose-lowering
medication (Table 1). Both in patients with and without antihypertensive treatment, those
with higher SBP levels were older, had higher DBP and PP levels, more often had DM, and
had thicker carotid IMT (Table 1). Patients with lower SBP used more medication including
antidepressants. Within patients on antihypertensive treatment, those with lower SBP levels
more often had CAD and used more beta-blockers (Table 1).

Antihypertensive treatment
Patients on antihypertensive treatment had poorer self-rated health status than patients not
on treatment, particularly physical health status (Table 2). These findings were independent
of SBP and DBP levels (model 1) and the effect estimates only slightly changed after further
adjustments for cardiovascular risk factors and other medication use (model 2).

Linear regression analysis estimating the association between antihypertensive treatment and
self-rated health status within strata of SBP categories showed that this relation was less
pronounced for the highest SBP category; B’s (95%CI) for the relation treatment and
physical health across the SBP categories (≤120, 121-140, 141-160, >160mmHg) were -2.92
(-4.57,-1.28), -3.65 (-4.63, -2.67), -2.85 (-4.00, -1.69), -1.53 (-3.15, 0.09), and for relation
treatment and mental health B’s (95%CI) were-0.72 (-2.43, 1.00), -1.22 (-2.22, -0.22), -0.85
(-2.00, 0.30),-0.16 (-1.42, 1.73).

In addition, increasing number of antihypertensive drugs was related to poorer mental and
physical health status (Figure 1); adjusted mean differences (95%CI) in mental and physical
health between use of 0 and ≥3 antihypertensive drugs according to model 2 were -1.11
(-2.05, -0.24) and -3.66 (-4.57; -2.79), respectively.

Next, we related the different types of antihypertensive medication to health status within
patients using antihypertensive medication (N=3,974). ANCOVA showed that those using
diuretics or CCB had significantly poorer physical health status compared to those who used
other antihypertensive drugs; adjusted mean differences (95%CI) were -1.20 (-1.93; -0.47)
and -2.37 (-3.15; -1.58), respectively. These differences were most pronounced in patients
with CAD and CVD (Supplemental Figure 1). Also, asymptomatic patients or patients with
CVD or PAD who used beta-blockers had significantly lower scores on physical health
compared to those who used other antihypertensive drugs.

To further investigate the effect of the different types of antihypertensive medication on
health status, the analyses were repeated in patients on antihypertensive monotherapy. In
this subsample of 1,714 patients, those on beta-blockers (N=911), diuretics (N=124), CCB
(N=135), or ACE inhibitors (N=385) had similar physical health scores. However, patients
on ARBs monotherapy (N=159) had significantly higher physical health scores compared to
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those using other antihypertensive drugs; adjusted mean difference (95%CI) was 2.34 (0.64;
3.99).

Type of antihypertensive medication was not associated with mental health status (data not
shown).

Blood pressure
Linear regression analysis estimating the association between BP and self-rated health status
showed that lower BP levels (SBP, DBP, and PP) were linearly associated with poorer
physical health and that lower SBP and lower PP were linearly associated with poorer
mental health (Table 2). These findings were independent of age, sex, cardiovascular risk
factors, other medication use, and use of antihypertensives.

Figure 3 shows the results of ANCOVA estimating the association of BP with self-rated
health status within strata of antihypertensive treatment (yes/no). Both in patients with and
without antihypertensive treatment, lower SBP and DBP were associated with poorer
physical health (Figures 3A and 3B). However, in patients without antihypertensive
treatment these associations were less pronounced and not statistical significant. Also, lower
SBP tended to be related to poor mental health, independent of antihypertensive treatment
yes/no (Figure 3C). In addition, a non-linear relation was found between DBP and mental
health status in patients without antihypertensive treatment (P-quadratic=0.03); suggesting
that both low and high DBP resulted in poorer mental health (Figure 3D).

Additional analyses estimating the association of antihypertensive treatment and BP with
health status for the different arterial disease categories showed that antihypertensive
treatment was associated with risk of poor physical health in all disease groups except for
patients with CAD (Supplemental Table 1); however, p-values for interaction between
antihypertensive treatment and arterial disease categories were all >0.10. In contrast, the
association of low SBP and DBP with poor physical and mental health status was mainly
present in patients with CAD (Supplemental Table 1). For physical health status, p-values
for interaction for SBP*CAD and DBP*CAD were 0.12 and 0.07; for mental health status
these p-values were 0.29 and 0.55. In addition, the estimated association of antihypertensive
treatment with risk of poor mental health was primarily present in patients with CVD.

Additional analyses estimating the association of antihypertensive treatment and BP with the
domain scales of the SF36 showed that antihypertensive treatment was particularly
associated with risk of lower scores on “general health”, “physical function”, “role
limitations because of physical health problems”, “vitality”, and “social function”. In
addition, the estimated association of low BP with poorer health status in CAD patients was
mainly driven by the “general health” domain scale (Supplemental Table 2). In sensitivity
analyses we found no change in the associations after excluding those with very low SBP
(<100mmHg, N=42) or DBP (<60mmHg, N=89). Moreover, the presented associations were
similar for younger (<65years) and older (≥65 years) patients. Finally, adjusting for total
number of drugs (as proxy of extent of comorbidity) did not change the found relation
between antihypertensive treatment and self-rated health status (data not shown).

Discussion
Within this large-scale cohort study in patients with symptomatic and asymptomatic arterial
disease the two main observations were (1) that antihypertensive drug use and increased
intensity of antihypertensive treatment were associated with poorer self-rated physical and
mental health, independent of BP levels; and (2) that lower BP levels were associated with
poorer physical and mental health status, independently of antihypertensive treatment.
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To our knowledge, this is the first study investigating the independent association of
antihypertensive treatment and BP levels with health status. Also, it is important to study
this relation in a population with high vascular risk, since we know that in this population
both lower BP levels and reduced health status have been related to an increased risk of
events and mortality [6, 19]. Also, patients with poorer self-rated health status might have
lower medication adherence, which can lead to an even greater risk of events and mortality
[20].

Our findings that antihypertensive drug use and increased intensity of antihypertensive
treatment contributed to poorer health status, independently of BP, is in line with a previous
study showing that those using antihypertensive medication had more physically unhealthy
days [21]. However, other studies relating antihypertensive treatment to health status show
inconsistent findings with either no relation [22] or even better self-rated health status for
those on antihypertensive treatment [23].

The relation between antihypertensive treatment and poorer health status could be explained
by medication related adverse effects [10]. A previous study has identified a considerable
incidence of adverse events related to antihypertensive drugs use [24], which could
consequently result in a reduction in self-rated health. Since most side effects are type and
dose dependent, it has been suggested that a strategy using a combination of low dose drugs
is probably the best approach to BP control without interfering with mental or physical
functioning [10]. Our study indicates that CCB and diuretics most strongly affects health
status, possibly due to side effects as postural hypotension, dizziness, constipation, and
increased urination. However, when we restricted our analyses to patients using
monotherapy the effect of CCB and diuretics on self-rated health status were not present.
This might suggest that these drugs only affect health status when they were used as a
second, third, or fourth option. Therefore, another explanation for the relation between
antihypertensive treatment and poor health status could be that patients using
antihypertensive treatment, particularly those using more than one drug, represent a group
with more comorbidity and thus lower health status. This is confirmed by our findings that
patients using antihypertensive medication also used more other medications. Yet,
multivariable adjustment and additional adjustment for total number of drugs, as proxy of
severity of comorbidity, did not change the results.

Our findings that lower BP levels were associated with poorer self-rated health status,
independently of life-style factors, cardiovascular risk factors, and presence of
atherosclerosis, are of interest and in line with one earlier cross-sectional population-based
study in middle-aged men [12]. These results and our findings are in line with the growing
body of evidence that not only high BP, but also lower BP, is associated with adverse health
outcomes, such as an increased risk of cardiovascular events and mortality [19, 25, 26], and
alterations in brain function and structure [27-32].

Several possible mechanisms for the relation between low BP and poor health status have
been hypothesized. First, low BP could be the result of use of antihypertensive treatment,
which in turn could cause reduced self-rated health due to side effects. Even though the
relation between lower BP and poorer health status was somewhat stronger in those with
antihypertensive treatment, it was also present in those without treatment. Second, patients
with reduced self-rated health may suffer from more advanced atherosclerosis resulting in
increased arterial stiffness or reduced cardiac output, which may both reflect in lower BP
levels. Increased PP, an indicator of arterial stiffness, was not related to poorer health status.
However, we did find that in patients with CAD, low BP was more strongly related with
poorer health status. This might suggest that reduced cardiac output resulted in low BP and
poorer functioning, although the vascular screening program of this study did not include
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measures of cardiac function. Also, patients with lower BP levels used more other
medications, which could suggest that these patients have more co-morbidity. However,
adjusting for other medications did not change the results. Another explanation for our
findings could be that low BP leads to poor health perception through depressive symptoms
or mood problems [28-31]. However, no association was found between low BP and the
mental health domain scale, which has been used to assess mood problems; and although
patients with lower BP used more antidepressants, adjusting for antidepressants did not
change our results. Finally, a causal mechanism explaining low BP related mental and
physical dysfunctioning should be considered. Chronic low BP could cause decreased tissue
perfusion, for example cerebral hypoperfusion, that could lead to brain pathology [27],
psychological and cognitive disturbances[28-32], and chronic somatic symptoms like
dizziness and fatigue [12], subsequently leading to poorer health status.

Major strengths of our study include the large sample size, which made it possible to not
only investigate the association of antihypertensive treatment and BP with health status, but
also investigate this relation within the separate arterial disease categories. Also, self-rated
health status was assessed using a validated questionnaire and the large sample size allowed
analyzing the underlying domains of health status. In addition, the extensive information on
cardiovascular risk factors and the extent of clinical and subclinical arterial disease measures
made it possible to relate BP to health status independent of these important confounders.

A limitation of our study is that our results are based on cross-sectional data, which
precluded affirmation of the direction of causality. Future longitudinal studies should
investigate whether lower BP levels are an actual risk factor for poor health status or
whether low BP is merely a risk-indicator or marker of underlying comorbidity. Second,
since our population consists of patients with arterial disease our results might not be
applicable to patients without arterial disease and to the general population. Also, concurrent
diseases might bias our results. However, extensive adjustment for other risk factors and
markers of disease severity did not diminish our findings.

In summary, in patients with arterial disease antihypertensive treatment and low BP are
independently related to poorer self-rated mental and physical health status. These
independent effects could be the result of different underlying mechanisms associated with
poor health status, such as side effects of antihypertensive treatment and low BP related
comorbidities.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean (SE) adjusted scores of physical (A) and mental health status (B) across categories of
number of antihypertensive drugs in the total sample (N=5,877).
Adjustments were made for age, sex, BMI, smoking, alcohol, diabetes, hyperlipidemia,
carotid IMT, other medication use, and systolic and diastolic blood pressure.
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Figure 2.
Mean (SE) adjusted scores of physical and mental health status across categories of systolic
blood pressure (A & C) or diastolic blood pressure (B & D) for patients without
antihypertensive treatment (marker ◇; trend line ----), and patients with antihypertensive
treatment (marker ◆; trend line ——).
Adjustments were made for age, sex, BMI, smoking, alcohol, diabetes, hyperlipidemia,
carotid IMT, other medication use, and antihypertensive drug use.
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