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This study aimed to examine the association between blood pressure (BP) with health-related

quality of life (HRQoL) and emotional states, considering the disease awareness and commitment to
treatment among the Iranian adult population. This cross-sectional study uses the data of 7257 and
2449 individuals aged > 20 who had completed data on HRQoL and emotional states, respectively.
Linear and logistic regression were used to evaluate the mentioned association. The results showed
that commitment to treatment had an inverse association with physical HRQoL in both sexes,

except for bodily pain in men. Concerning mental HRQoL, in women, poor medication adherence
was linked to a decline in mental HRQoL and social functioning, while good treatment adherence
was associated with a reduction in the mental health domain. However, except for a decrease in
vitality of hypertensive males with high treatment adherence, no significant association was found
between their mental HRQoL and BP. In women, increased commitment to treatment was associated
with anxiety, whereas poor commitment was related to depression and stress. The undiagnosed
disease was not associated with any HRQoL and emotional state deficits. This study highlights the
significance of psychiatric assessment, counseling, and support services while taking into account
gender-specific differences among hypertensive patients. It also emphasizes the necessity for
customized interventions for both men and women to improve their mental well-being and adherence
to treatment.

Keywords Blood pressure, Health-related quality of life, Emotional states, Disease awareness, Commitment
to treatment

Hypertension, commonly known as high blood pressure (BP), is a leading public health challenge affecting the
health and well-being of a large world population. It is responsible for 8.5 million deaths from heart disease,
stroke, and end-stage renal disease worldwide!. The global burden and prevalence of hypertension have
experienced an increasing trend in the past decade, especially in developing countries®. Two recent studies in
Iran showed that hypertension has risen over the past decades and has manifested in about 37% of the adult
population?®. However, the level of awareness of hypertension and efforts to control it are relatively low. A recent
report by the World Health Organization revealed that only 42% of affected adults are diagnosed and treated*.
Similar to this finding, a comprehensive systematic review and meta-analysis revealed that more than half of the
Iranian adult population were unaware of their disease and were not treated®.

Hypertension is a complex and multifaceted condition with far-reaching consequences for an individual’s
health. This underscores the essential need for a multifaceted approach, including lifestyle modifications,
medication, and regular monitoring, to address the various physiological, metabolic, and psychological
aspects of this complex situation®8. This condition could be closely aligned with the concept proposed by
the Biopsychosocial Model of Health and Disease, which was first introduced by George Engel. This model
emphasizes that health and disease are the result of the complex interplay between biological, psychological, and
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socio-environmental factors, and suggests that the management of a chronic condition like hypertension cannot
be fully understood by focusing solely on the biological or physiological aspects, but requires consideration of
the social and psychological dimensions such as Health-related quality of life (HRQoL) and emotional states as
well®.

HRQoL is a multidimensional concept that describes the individual’s perception of their physical, emotional,
and social well-being concerning their health status'®. HRQoL has increasingly been considered in disease-related
studies because it can affect a person’s commitment to treatment, disease severity, and clinical management!""12.
On the other hand, while hypertension might not always cause immediate and noticeable symptoms, the health
perception of hypertensive patients could be affected significantly based on their differences regarding disease
awareness and treatment adherence!>~!. In this regard, prior studies in various populations have found that
awareness of having high blood pressure was associated with HRQoL in different ways, from inversely'*!® to
neutral'” and directly®.

Several studies have demonstrated that individuals with hypertension may undergo significant emotional
changes!?. Psychological distress, as defined by the American Psychological Association, refers to fluctuations
in mood accompanied by distressing physical and mental symptoms, typically characterized by anxiety and
depression?. A recent study in Iran reported an escalating prevalence of mental disorders in the general
population, with a higher prevalence in women compared to men (27.6 vs. 19.3%)?!. The association between
hypertension and psychological distress has yielded inconsistent findings, with some indicating a positive
association®?2, while others have found no significant association?®. Furthermore, certain evidence suggests
that individuals with depression or anxiety disorders may exhibit lower blood pressure?*. In addition, studies
have indicated that the emotional well-being of individuals with high blood pressure may differ based on their
adherence to treatment and awareness of their condition®.

Awareness of having high BP and commitment to antihypertensive medications- apart from the well-
recognized side effects of drug therapy- are associated with lifestyle changes; hence, it is expected to affect
emotional states and different domains and components of HRQoL!>!7. Hence, clarifying whether the reported
associations are due to the disease process, therapeutic interventions, and/or the consequences of labeling is
essential. Most previous studies have primarily focused on investigating the association between self-rated health
and emotional distress in individuals who have already been diagnosed with hypertension'’. Additionally, the
impact of treatment adherence on quality of life and emotional states in the context of hypertension has not been
thoroughly examined in population-based surveys conducted in non-western countries like Iran. Furthermore,
since perceived self-rated health and emotional states are strongly influenced by sociocultural factors such as
cultural norms, beliefs, values, and social support systems?, it is recommended to explore these associations
in diverse societies, geographic areas, and across different periods. To the best of our knowledge, none of the
previous studies conducted in Iran have examined the association between BP levels, quality of life, and mental
health while considering the role of disease awareness and commitment to treatment simultaneously. Therefore,
to bridge this knowledge gap, given the controversial findings from previous studies, the high prevalence, and
the markedly rising trend of hypertension in Iran, the present study aims to investigate the association between
different BP statuses and HRQoL, as well as emotional states while taking into account disease awareness
and treatment commitment in a substantial adult population in Iran. By shedding light on the mentioned
associations, we hope to gain valuable insights that can inform healthcare strategies, intervention programs, and
policy-making aimed at improving the overall health outcomes of individuals affected by hypertension.

Methods

Study design and participants

This cross-sectional study was conducted within the Tehran Lipid and Glucose Study (TLGS), a longitudinal
population-based study in Tehran, District No. 13, representing the overall Tehranian population. The TLGS
employed a cluster random sampling method to select three healthcare centers out of the 20 centers in the
district that had field data for over 90% of the covered families. Subsequently, families within these centers were
randomly recruited, and all family members were invited to participate in the study. At baseline assessment,
15,005 individuals aged three years and older participated in the TLGS. The TLGS comprises two main periods:
the first occurred between February 1999 and August 2001, while the second includes five follow-up phases
conducted triennially from 2002 to 2017%. For the current study, data from the sixth phase (2014-2017) of
the TLGS was utilized, during which several psychosocial variables were added to the TLGS for the first time.
Since the participants had already responded to numerous questions assessing their behavioral and clinical
characteristics, the study’s planning committee opted to assess psychological concepts through relevant
questionnaires administered to more minor, randomly selected groups. However, this decision had an exception
in the case of HRQoL, which all participants completed. Consequently, to ensure unbiased results, a double-
blind approach was employed to randomly assign participants who completed the HRQoL questionnaire into
three groups to fill out other psychological variables, including emotional states. As a result, data on HRQoL was
available for 7,941 adult participants, and data on emotional states was only collected for approximately one-
third of this subgroup. Based on the previously determined inclusion criteria, the study included participants
aged 20 years and older with completed data on HRQoL and covariates including anthropometric measures
(weight and height), socio-demographic details (occupation, marital status, and education), behavioral factors
(smoking and physical activity), and history of chronic diseases. Thus, before the analysis, data from 23
individuals with incomplete information on blood pressure status, as well as 661 other participants with missing
data on covariates were excluded. In this regard, the final analysis included data from 7,257 participants for the
HRQoL analysis and 2,499 participants for the emotional state analysis (Fig. 1).
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Fig. 1. Flow diagram of participants’ recruitment. HRQoL Health related quality of life, DASS Depression,
anxiety, stress.

It is important to note that the study received approval from the Research Institute for Endocrine Sciences
(RIES) ethics committee, Shahid Beheshti University of Medical Sciences, and written informed consent was
obtained from all participants before data collection.

Measurements

Using a pretested socio-demographic questionnaire, trained interviewers collected data on the participants’ age
and socio-demographic characteristics, including marital status, education, occupation status, smoking habits,
physical activity, and history of chronic disease. Details of the measures have been previously published in the
TLGS protocol?”?%. Marital status was defined as married and unmarried. Education level was categorized based
on the years of education as 1) 0-6 years; 2) 7-12 years; 3) > 13 years. Participants were classified into two groups
based on their smoking habits: 1) ever-smokers (daily, occasionally, or ex-smokers) and 2) never-smokers.
Chronic disease status was defined as having either of the following conditions: diabetes, chronic kidney disease,
history of cancer, and cardiovascular disease. Diabetes was defined as fasting blood glucose > 126 mg/dl or 2-h
serum glucose >200 mg/dl or medical treatment. Chronic kidney disease (CKD) was defined as structural or
functional kidney damage or GFR <60 ml/min/1.73 m2 present for more than three months according to the
Kidney Disease Outcome Quality Initiative (K/DOQI) guidelines?. History of cardiovascular disease included
coronary heart disease (myocardial infarction, history of heart surgery, angioplasty, and hospitalization in the
coronary care unit) and cerebrovascular attack. Physical activity was assessed by the validated Iranian version
of the modifiable activity questionnaire (MAQ)*. The total leisure time and work activity were assumed as total
physical activity and were expressed in terms of MET-min/wk. Subsequently, participants were categorized into
two groups: low/moderate (< 1500) and high (> 1500) physical activity. Weight was measured with a digital scale
and recorded with an accuracy of 100 g, wearing light clothing without shoes. Height was measured in cm during
two positions: 1) the shoulders were standing without shoes, and 2) the shoulders were in a normal position.
Finally, body mass index (BMI) was calculated by dividing weight (kg) by square height (m?).

Scientific Reports |

(2024) 14:26699

| https://doi.org/10.1038/s41598-024-77857-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Blood pressure: definition and assessment

Based on the cutoffs recommended for participants> 18 years by the seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of HBP (JNC-VII), hypertension was defined
as 1) systolic BP > 140 mmHg or 2) diastolic BP > 90 mmHg or 3) current use of antihypertensive medication®'.
This study measured the BP following standardized protocols at each TLGS examination phase. After a 15 min
rest in the seated position, systolic and diastolic BP was measured twice at a three-minute interval on the right
arm by qualified, trained personnel via a standardized mercury sphygmomanometer (calibrated by the Iranian
Institute of Standards and Industrial Researches) and the average of two measures was taken as the systolic and
diastolic BP. In addition, the study participants were asked about their history of hypertension and medication
adherence.

Participants were divided into four categories based on their BP status: (1) normotensive: the reference category-
participants who had normal systolic and diastolic BP at the assessment time, had no history of hypertension,
and were not taking anti-hypertensive medications; (2) undiagnosed hypertension: subjects with systolic blood
pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg, at the time of assessment, without previous
treatment or diagnosis, (3) diagnosed, committed to treatment: patients with known hypertension who had
declared that they take anti-hypertensive drugs regularly, (4) diagnosed, non-committed to treatment: patients
with known hypertension, who had reported low adherence to anti-hypertensive medications such as never
taking medications or taking irregularly. The abovementioned categories were created to differentiate the
contribution of awareness and commitment to treatment in the relation between BP with HRQoL and emotional
states. Hence, undiagnosed versus diagnosed categories were created to assess the contribution of awareness, and
two other categories, including committed versus non-committed to medications, were designed to evaluate the
effect of treatment adherence.

Emotional states: depression, anxiety, and stress

To assess the emotional states, we used the Persian version of the depression, anxiety, and stress scale (DASS-21),
the short form of the depression, anxiety, and stress scale (DASS). Previous studies have approved this version’s
validity and reliability®2. In our study, the internal consistency of the DASS-21 was 0.77 for depression, 0.71 for
anxiety, and 0.79 for stress, based on the current dataset. This self-reported questionnaire examines how much
the respondent has experienced the emotional states of depression, anxiety, and stress over the past week and
includes three subscales with seven items per subscale. Items are based on a 4-point scale ranging from 0 (did not
apply to me at all) to 4 (applied to me very often or most of the time). The total score of each subscale is obtained
from the sum of all related item scores and then multiplied by 2. The normal range for depression, anxiety, and
stress is 0-9, 0-7, and 0-14, respectively. Higher scores indicate a greater frequency of these negative emotional
states; scores outside this range are considered abnormal.

Health-related quality of life

HRQoL was assessed using a reliable and validated Persian version of the short-form 12-item health survey
version 2 (SF-12v2)*. This scale has two physical and mental dimensions, each with four subscales. Physical
subscales include physical functioning, role physical, bodily pain, and general health. Mental subscales include
vitality, social functioning, role emotional, and mental health. In SF-12v2, each subscale score ranges from 0 as
the worst to 100 as the best health condition. Two physical component summary (PCS) and mental component
summary (MCS) represent the weighted summary scores of each domain. The reliability of the SF-12v2
questionnaire based on the current data set regarding physical and mental components of HRQoL was 0.75 and
0.78.

Statistical analysis

We used mean +sd, frequency, and percentages to express normal continuous and categorical variables. We
utilized the independent samples T-test, the ANOVA, and the Chi-square test, as appropriate, to compare the
distribution of variables among groups. The association of BP status with the HRQoL and DASS scores was
assessed using the linear regression model, separately for males and females. We estimated the models’ regression
coeflicients (B) and 95% confidence intervals.  represents the difference in the mean value of the HRQoL and
DASS scores for each BP group compared to the normotensive group. In the current study, variables previously
identified as associated with HRQoL and DASS were considered for adjustment®*3>. The available variables—age,
BM]I, chronic disease, occupation, education, marital status, smoking, and physical activity—showed significant
differences between the study groups and were selected as the final adjustments. In the current study, there was
some missing data on covariates (n=661); 0.05% (for education and occupation) and 6.1% (for chronic diseases)
were the minimum and maximum percent of missing data as a sensitivity analysis; we used multiple imputations
to impute missing data. After imputing ten datasets using the chained equations method (wholly conditional
specification)’, we estimated the regression coefficients, confidence intervals, and p-values and presented the
results in a supplementary file. Statistical analysis was conducted using IBM SPSS Statistics version 22 and mi
impute command for imputation using Stata (version 14) (Stata Corp LP, College Station, TX USA). A 2-sided
P-value < 0.05 was deemed statistically significant.

Ethics declarations

This study was approved by the research ethics committee of the Research Institute for Endocrine Sciences
(RIES), Shahid Beheshti University of Medical Sciences, with the ethics code number IR.SBMU.ENDOCRINE.
REC.1402.026. Informed consent was obtained from all individual participants included in the study. All
procedures were under the ethical standards of the institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
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Results

A total of 7257 adults (45.6% male) were recruited with a mean age of 47.01 +15.72 and 46.76 + 14.29 years for
men and women. The BMI of females was higher than males (28.52+5.31 vs 27.43 +4.38). Most participants
were married (78.7% of males and 75.3% of females). 14.2% had the lowest education level (0-6 years). Men
were most employed compared to females (73.5% vs. 18.9%). Most smokers were men (42.0% of males and
5.3% of females). The prevalence of low/moderate or high physical activity was the same for both sexes. 54%
of women and 40% of men were diagnosed with either of the chronic diseases. Regarding BP status, most
participants were normotensive (78.3% of females and 75.7% of males). Hypertension was more common
in women (17.0 vs. 14.7%), the men had less commitment to treatment (2.8 vs. 1.6%), and the prevalence of
undiagnosed hypertension was higher in men (9.6 vs. 4.8%). Full details of the participants’ characteristics in the
total population are presented in Supplementary Table 1.

Participants’ characteristics and HRQoL according to their BP status

The characteristics of participants and HRQoL across different BP groups are presented in Table 1, focusing on
sex-specific differences. Several socio-demographic and behavioral characteristics and the prevalence of chronic
diseases differed significantly among the BP groups, except for physical activity in men and marital status in

Male (n=3315) Female (n=3942)
Undiagnosed Undiagnosed
Normotensive hypertension Normotensive hypertension
(n=2510) Diagnosed Hypertensive (n=318) P-value | (n=3085) Diagnosed Hypertensive (n=189) P-value
Non- Non-
Commitment | commitment Commitment | commitment
to treatment | to treatment to treatment | to treatment
(n=395) (n=92) (n=606) (n=62)
Age (years) 43.67+14.74 63.51+11.29 |53.79+14.14 | 50.95+14.10 | <0.001 | 43.09+12.84 62.22+9.08 55.66+10.71 | 54.24+12.23 | <0.001
BMI (kg/m?) 26.95+4.22 28.33+4.25 29.47 +4.32 29.53+4.84 <0.001 | 27.70+5.07 31.59+5.07 31.47 +4.67 31.10+5.30 <0.001
Marital status <0.001 0.553
Unmarried 641 (25.5) 17 (4.3) 8(8.7) 41 (12.9) 768 (24.9) 154 (25.4) 12 (19.4) 41 (21.7)
Married 1869 (74.5) 378 (95.7) 84 (91.3) 277 (87.1) 2317 (75.1) 452 (74.6) 50 (80.6) 148 (78.3)
Education (years) <0.001 <0.001
0-6 191 (7.6) 90 (22.8) 18 (19.6) 38(11.9) 324 (10.5) 298 (49.2) 22 (35.5) 53 (28)
7-12 1298 (51.7) 205 (51.9) 45 (48.9) 174 (54.7) 1587 (51.4) 268 (44.2) 33 (53.2) 102 (54)
>13 1021 (40.7) 100 (25.3) 29 (31.5) 106 (33.3) 1174 (38.1) 40 (6.6) 7 (11.3) 34 (18)
g;f:‘spa“‘m <0.001 <0.001
Employed 1953 (77.8) 182 (46.1) 65 (70.7) 235 (73.9) 702 (22.8) 20 (3.3) 7 (11.3) 18 (9.5)
Unemployed 557 (22.2) 213 (53.9) 27 (29.3) 83 (26.1) 2383 (77.2) 586 (96.7) 55 (88.7) 171 (90.5)
Smoking status 0.024 0.016
Ever 1085 (43.2) 149 (37.7) 42 (45.7) 115 (36.2) 182 (5.9) 17 (2.8) 2(3.2) 9(4.8)
Never 1425 (56.8) 246 (62.3) 50 (54.3) 203 (63.8) 2903 (94.1) 589 (97.2) 60 (96.8) 180 (95.2)
Physical activity 0.135 <0.001
Low/mod 1491 (59.4) 256 (64.8) 56 (60.9) 202 (63.5) 1814 (58.8) 422 (69.6) 37 (59.7) 126 (66.7)
High 1019 (40.6) 139 (35.2) 36 (39.1) 116 (36.5) 1271 (41.2) 184 (30.4) 25 (40.3) 63 (33.3)
Chronic disease | 787 (31.4) 330 (83.5) 54 (58.7) 154 (48.4) <0.001 | 1402 (45.4) 545 (89.9) 43 (69.4) 140 (74.1) <0.001
HRQoL
PCS 50.79+7.09 46.44+8.52 47.71+7.72 49.97+£6.83 <0.001 | 48.00+8.44 41.88+£9.52 44.47+£9.47 45.22+9.64 <0.001
fi];{iizil 90.30+7.09 79.94+27.84 |83.97+22.11 |88.29+21.07 | <0.001 | 82.50+25.43 65.84+32.31 |70.16+30.98 | 74.87+28.31 | <0.001
Role physical 87.05+18.68 81.49+24.28 |83.56+21.04 |88.56+17.15 | <0.001 | 75.96+23.05 63.39+27.49 | 66.33+24.65 |72.02+26.36 | <0.001
Bodily pain 84.94+20.23 82.66+24.03 | 82.88+23.42 | 86.08+20.47 0.166 | 75.11 +24.62 66.96+28.43 | 70.56+27.73 | 71.43+26.88 | <0.001
General health 53.18£23.06 39.18+21.48 | 42.12+20.28 | 47.96+22.11 <0.001 | 48.69+22.81 32.88+17.63 | 37.90+24.27 | 38.89+20.19 | <0.001
MCS 50.29+10.21 51.70+10.48 |51.40+10.56 | 51.28+10.08 0.032 | 46.65+10.77 46.25+12.05 | 43.26+13.53 | 46.06+12.16 0.208
Vitality 70.19+23.47 66.01+27.68 | 68.48+28.19 |72.72+23.68 0.006 | 60.91+25.33 54.66+29.56 | 52.02+30.13 | 59.26 +27.29 | <0.001
Social function 85.18+23.11 84.62+24.98 | 84.51+25.64 |84.36+25.83 0.915 | 78.75+26.59 74.51+30.28 | 67.39+29.54 | 73.28+30.62 | <0.001
Role emotional 79.84+21.27 81.87+22.14 | 82.61+22.69 |83.29+19.80 0.015 | 70.89 +23.52 69.35+25.65 | 64.92+25.89 |70.24+26.02 0.183
Mental health 74.62+20.47 75.54+22.12 | 74.59+21.25 | 75.00+21.98 0.871 | 66.73 +£21.59 60.97 +£24.66 | 59.07+25.52 | 63.76+24.88 | <0.001

Table 1. Participants’ characteristics and HRQoL across different blood pressure groups and sex. Categorical
and continuous variables are expressed as mean + SD and number (%), respectively. PCS physical component
summary, MCS mental component summary, HRQoL Health-related quality of life. The P-value was assessed
using Chi-square tests for categorical variables and the ANOVA test for continuous variables.
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women. Normotensive participants had a significantly lower mean age, BMI, and chronic disease prevalence
than the other studied groups. They were also more likely to have higher levels of education and employment.
Regarding smoking, males in the undiagnosed disease category and females with diagnosed hypertension
who regularly took their medications were likelier than never to be smokers. Regarding physical HRQoL, the
mean scores of the PCS and its subscales significantly differed among the BP groups for both sexes, except for
bodily pain in men. Normotensive participants reported the highest scores, while hypertensive patients with
good medication adherence reported the lowest. Regarding mental HRQoL, the mean scores of the MCS and
two dimensions (vitality and role emotional) significantly differed across BP groups in males. Normotensive
participants had the lowest scores, while individuals in the disease-unawareness group had the highest scores.
In women, three domains of MCS, including vitality, social functioning, and mental health, showed significant
differences among the various BP groups. Normotensive females reported the highest scores, while hypertensive
patients with medication non-adherence had the lowest scores.

Association of BP status with HRQoL

The findings from the unadjusted regression analysis examining the association between different statuses of BP
and HRQoL scores can be found in Supplementary Table 2. Furthermore, Table 2 presents the regression analysis
results after adjusting for potential confounders. The adjusted results showed that compared to the normotensive
population, high treatment adherence was inversely associated with the PCS scores, with f=—1.76 (p <0.001)
for men and B=-1.53 (p<0.001) for women. There was a perceived decline in all physical HRQoL domains
among hypertensive females with complete treatment adherence. In men, exemplary commitment to treatment
was negatively related to physical HRQoL domains, except for bodily pain. Regarding mental HRQoL, the

Male (n=3315) Female (n=3942)
HRQoL Blood pressure status B* (95% CI) P-value | B (95% CI) P-value
PCS Commitment to treatment —1.76 (—2.60, —0.92) | <0.001 | —1.53 (—=2.36, —0.70) <0.001
Non-commitment to treatment | —1.43 (—2.92, 0.05) 0.059 | —0.19 (—2.26, 1.88) 0.855
Undiagnosed hypertension 0.41 (—0.44, 1.26) 0.343 | 0.23 (=0.99, 1.46) 0.710
Commitment to treatment —4.18 (—6.61, —1.76) | <0.001 | —3.69 (—6.29, —1.09) 0.005
Physical function | Non-commitment to treatment | —2.37 (—6.66, 1.92) 0.279 | —3.02 (—9.40, 3.46) 0.361
Undiagnosed disease 1.02 (—1.43, 3.46) 0.414 | 0.89 (—2.94,4.72) 0.649
Commitment to treatment —3.38 (—5.68, —1.08) 0.004 | —3.71 (—6.08, —1.34) 0.002
Role physical Non-commitment to treatment | —2.24 (-6.30, 1.83) 0.281 | —3.21(-9.11, 2.69) 0.286
Undiagnosed hypertension 2.03 (—0.09, 5.55) 0.069 | 1.84 (—1.66, 5.33) 0.303
Commitment to treatment —2.28 (—4.06, 0.20) 0.062 | —2.71 (=5.27, —0.16) 0.037
Bodily pain Non-commitment to treatment | —1.88 (—6.26, 2.51) 0.401 | —0.34 (—6.71, 6.02) 0.916
Undiagnosed disease 1.08 (—1.42, 3.58) 0.396 | 0.06 (—3.71, 3.83) 0.975
Commitment to treatment —5.77 (—8.35, -3.19) | <0.001 | —5.27 (=7.39, —3.15) <0.001
General health Non-commitment to treatment | —5.25 (—9.82, —0.69) 0.024 | —2.90 (—6.03, 0.23) 0.069
Undiagnosed hypertension —1.17 (-=3.77, 1.43) 0.377 | —2.90 (—8.18, 2.38) 0.281
Commitment to treatment —0.41 (-1.61,0.79) 0.505 | —0.73 (—1.86, 0.39) 0.201
MCS Non-commitment to treatment | 0.11 (—2.02, 2.23) 0.923 | —3.56 (—6.36, —0.76) 0.013
Undiagnosed hypertension 0.03 (—1.19, 1.24) 0.965 | —0.79 (—2.44, 0.87) 0.352
Commitment to treatment —3.29 (—6.15, —0.43) 0.024 | —2.48 (—5.12,0.17) 0.066
Vitality Non-commitment to treatment | —1.15 (—6.21, 3.92) 0.657 | —6.17 (—12.76, 0.42) 0.067
Undiagnosed hypertension 2.56 (—0.33, 5.44) 0.082 | 0.80 (—3.10, 4.70) 0.688
Commitment to treatment —1.68 (—4.49, 1.14) 0.242 | —1.41 (—4.19, 1.38) 0.322
Social function Non-commitment to treatment | —1.28 (—6.26, 3.70) 0.614 | —9.46 (—16.40, —2.52) 0.008
Undiagnosed hypertension —1.61 (—4.45, 1.22) 0.265 | —3.64 (—7.75,0.47) 0.082
Commitment to treatment —1.69 (—4.18,0.81) 0.184 | —1.63 (—4.05, 0.80) 0.189
Role emotional Non-commitment to treatment | 0.82 (—3.59, 5.23) 0.716 | —5.55 (—11.60, 0.50) 0.072
Undiagnosed disease 1.66 (—0.85, 4.18) 0.195 | —0.40 (—3.98, 3.18) 0.825
Commitment to treatment —0.84 (—3.31, 1.63) 0.505 | —2.67 (—4.93, —0.41) 0.021
Mental health Non-commitment to treatment | —0.86 (—5.23, 3.51) 0.699 | —5.43 (—11.06, 0.20) 0.059
Undiagnosed hypertension —0.61 (—3.10, 1.88) 0.629 | —1.06 (—4.39,2.27) 0.533

Table 2. Adjusted regression coefficient (95% CI) for the association of blood pressure groups with HRQoL
according to the sex. Models are adjusted for age, BMI, chronic disease, occupation, education, marital status,
smoking, and physical activity. HRQoL Health-related quality of life, PCS Physical component summary, MCS
Mental component summary, CI confidence interval. *p represents the difference in the mean value of the
HRQoL score for each blood pressure group compared to the normotensive.
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Male (n=1148) Female (n=1301)
Undiagnosed Undiagnosed
Normotensive hypertension Normotensive hypertension
(n=861) Diagnosed hypertensive (n=110) P-value | (n=1029) Diagnosed hypertensive (n=57) P-value
Non- Non-
Commitment | commitment Commitment | commitment
to treatment | to treatment to treatment | to treatment
(n=154) (n=23) (n=201) (n=14)
Depression 5.40+6.59 4.74+5.40 7.22+8.59 4.87£6.68 0.353 7.28+7.84 8.54+8.46 12.14+9.33 6.70+8.64 0.024
Anxiety 5.62+6.06 5.36+5.16 6.96 +5.29 5.35+6.93 0.659 7.53+6.95 8.98+8.31 11.29+6.78 8.42+8.06 0.033
Stress 12.26+8.94 11.14+8.44 13.39+8.75 11.85+9.89 0.461 14.90+9.60 14.64+10.20 | 20.00+7.65 12.63+8.78 0.059

Table 3. Participants’ depression, anxiety, and stress in different blood pressure groups according to their sex.
Data are expressed as mean + SD. The ANOVA test assessed the P-value.

Male (n=1148) Female (n=1301)
B*(95% CI) P-value | B (95% CI) P-value
Commitment to treatment 0.22 (-1.02,1.47) | 0.724 0.84 (—0.57, 2.24) 0.245
Depression | Non-commitment to treatment | 2.49 (—0.20, 5.17) | 0.069 4.65 (0.42, 8.87) 0.031
Undiagnosed hypertension 0.22 (—1.08, 1.53) | 0.737 —0.91 (-=3.07, 1.24) | 0.406
Commitment to treatment 0.37 (=0.79, 1.54) | 0.528 1.44 (0.17,2.72) 0.027
Anxiety Non-commitment to treatment | 1.58 (—0.93, 4.08) | 0.217 3.75(—0.10, 7.48) 0.054
Undiagnosed hypertension 0.07 (—1.15,1.29) | 0.916 0.63 (—1.32, 2.58) 0.527
Commitment to treatment 0.88 (—0.84, 2.59) | 0.315 0.87 (—0.82, 2.56) 0.311
Stress Non-commitment to treatment | 2.08 (—1.61, 5.77) | 0.268 5.67 (0.59, 10.75) 0.029
Undiagnosed hypertension 0.49 (—1.31,2.28) | 0.595 —2.11 (—4.70,0.48) | 0.110

Table 4. Adjusted regression coeflicient (95% CI) for the association of blood pressure groups with depression,
anxiety, and stress according to sex. Models are adjusted for age, BMI, chronic disease, occupation, education,
marital status, smoking, and physical activity. CI confidence interval. *p represents the difference in the mean
value of the DASS score for each blood pressure group compared to the normotensive.

findings illustrated that, except for an inverse association for vitality in participants with good adherence to
BP-lowering drugs (p =—3.29, p=0.024), no significant association was observed between mental HRQoL and
BP status in men. However, in women, medication non-adherence was inversely related to the MCS (p=—3.56,
p=0.013) and the social function dimension (p=-9.46, p=0.008). Furthermore, the findings demonstrated
an inverse association between good adherence to treatment and females’ mental health (B =—-2.67, p=0.021).

Association of BP with depression, anxiety, and stress
Table 3 displays the participants’ levels of depression, anxiety, and stress across different BP groups and sexes.
According to the DASS-21 results, women compared to men scored higher on DASS-21 subscales, such that
the mean score of depression in females with diagnosed hypertension and anxiety and stress in all BP groups
was placed out of the normal range. In women, the mean scores of depression and anxiety significantly differed
among various BP groups (p=0.024, p=0.033, respectively), such that the normotensive females had the
lowest scores, and the patients with poor medication adherence reported the highest scores. Simultaneously, no
significant difference in the DASS-21 scores was observed between BP statuses in male participants.

The unadjusted association between BP and emotional states can be found in Supplementary Table
3. Additionally, Table 4 presents the findings of the adjusted regression analysis. Among men, there was no
significant association between BP status and the DASS-21 subscales, including depression, anxiety, and stress.
However, in women, compared to normotensive patients, good adherence to anti-hypertensive medications
was associated with an average increase of 1.44 in the anxiety score (p=0.027). Conversely, poor commitment
to drug treatment was associated with higher scores in depression (f=4.65, p=0.031) and stress (p=5.67,
p=0.029) symptoms.

Sensitivity analysis

Supplementary Table 4 presents the findings of adjusted regression for the association between different BP
groups and HRQoL using imputed data. The results indicate that in both sexes, the association of different BP
statuses with the MCS and its subscales remains consistent with the results derived from the observed data.
Additionally, the results for the PCS and its dimensions are broadly consistent with the findings obtained from
the observed data, with a few exceptions. In male participants, compared to the normotensive group, the role
physical dimension was significantly higher in the undiagnosed hypertension group (f=2.29, p=0.049), and
the bodily pain dimension was lower in the high adherence to medications group (p=—2.85, p=0.019). These
findings differ slightly from the observed data. Furthermore, the general health subscale displayed a significant
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difference compared to the observed data in females with an exemplary commitment to treatment. However, it
is worth noting that the three mentioned subscales exhibited marginal significance with the same direction in
previous analyses based on the observed data.

Supplementary Table 5 displays the results of adjusted regression analyses examining the association between
different BP groups and emotional states using imputed data. The findings from the imputed data were entirely
consistent with the results from the observed data in females. In males, the results were broadly similar to the
conclusions from the observed data, with one exception related to depression in hypertensive patients with poor
medication adherence. However, this association was also borderline significant with the same direction in the
observed data results.

Discussion

The present study found that individuals with undiagnosed hypertension, regardless of sex, did not experience
any impairment in HRQoL or emotional states compared to those with previously diagnosed hypertension.
However, the study did confirm that high adherence to anti-hypertensive medications harmed the physical
HRQoL in both men and women. Moreover, a sex-specific association between BP and emotional states
was identified. Specifically, in men, no significant association was found between BP and emotional states.
However, among hypertensive women, good adherence to treatment was associated with a higher likelihood of
experiencing anxiety, whereas those with poor adherence to medications were more likely to manifest symptoms
of depression and stress.

The current study suggests that regardless of gender, individuals with undiagnosed hypertension, irrespective
of their treatment adherence, did not experience any impairment in mental and physical HRQoL and mental
health. These findings are consistent with previous studies conducted on multi-ethnic Asian!” and Spanish
populations!® but contradictory to investigations in Thai'® and Chinese?” populations, which found higher
and lower HRQoL among those with undiagnosed hypertension, respectively. In terms of emotional states, the
current findings are inconsistent with the study by Hamer et al.'®, which found no association, and with the
study by Ang et al.’, which found elevated odds of emotional disorders among individuals with undiagnosed
hypertension. The asymptomatic nature of hypertension may partly explain the lack of observed associations,
as many individuals with undiagnosed hypertension may not experience any symptoms related to high BP and,
therefore, report no changes in their HRQoL and emotional conditions®. Another possibility could be related to
factors associated with hypertension diagnosis, such as labeling (awareness of being hypertensive). Accordingly,
several studies have shown that labeling individuals as hypertensive, beyond the disease itself, can adversely
affect specific health indicators and is associated with poorer quality of life and mental distress'”1840. Therefore,
it is reasonable to hypothesize that individuals who are not labeled as hypertensive may not perceive the impact
of their condition, potentially leading to difficulties in detecting the association between BP and mentioned
outcomes.

The present study indicated that among both men and women, individuals with hypertension who exhibit
high adherence to medication reported lower physical HRQoL compared to other study groups. These results
align with a previous population-based survey that also demonstrated poorer quality of life among hypertensive
patients who were on medication!>. However, these findings contradict the results of two prior studies
conducted in different countries, namely the USA and India*"*2. It is worth noting that the discrepancy between
the results underscores the intricate nature of the association between medication adherence and physical
HRQoL, suggesting that various factors, including cultural differences, healthcare systems, and variations in
study methodologies, may contribute to these inconsistencies. The observed associations between medication
adherence and physical aspects of HRQoL may be attributed to several factors. Firstly, hypertension itself can
lead to various physical symptoms and complications that may impact overall well-being and quality of life'*.
Additionally, antihypertensive treatment could also be a contributing factor, such as some medications used to
control blood pressure may have side effects that negatively impact physical health and well-being!”.

This study reveals that the mental aspects of HRQoL were more affected in women compared to men. The
findings demonstrate that in hypertensive men with high adherence to blood pressure-lowering medications,
worse mental HRQoL was limited to vitality. However, MCS and all related domains showed significant or
nearly significant deterioration in hypertensive women with low medication adherence. Furthermore, women
with high medication adherence showed lower scores in the mental health and vitality subscales. These results
are consistent with a longitudinal study conducted among older patients with hypertension, which found that
low medication adherence harmed mental HRQoL*. However, two previous studies in Pakistan and Iraq
revealed that medication adherence was associated with improved self-rated health in hypertensive patients*4°.
Additionally, a 2016 systematic review and meta-analysis suggested that good medication adherence enhances
the mental HRQoL of hypertensive patients*®. A combination of biological, psychological, and social factors
can create a unique vulnerability in women with low medication adherence, leading to a more pronounced
impairment in mental HRQoL compared to men. Women experience high hormonal fluctuations throughout
their lives (e.g., menstrual cycle, pregnancy, menopause) that can affect mood and emotional well-being. In
addition, the declined mental HRQoL in low medication adherence women may be partially attributed to their
tendency towards stricter adherence to healthy behaviors and practices as such several studies have shown that
women are generally more health-conscious, seek medical care more frequently, and have better adherence to
treatment*”#%. Additionally, women compared to men often employ different coping strategies and may be more
likely to internalize stress, leading to higher levels of anxiety and depression?®. Furthermore, women may have
a stronger association between their health status and self-worth, making them more vulnerable to declines
in mental HRQoL when facing health challenges®. Besides, women often face societal pressures regarding
caregiving and health management, which can contribute to stress and feelings of inadequacy, especially if they
struggle with medication adherence*?. On the other hand, the declined mental health subscale among high
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treatment adherence women may involve several factors. One potential reason is the nature of the disease itself.
Living with a chronic condition like hypertension specifically in women could be more stressful and challenging,
which can harm mental well-being'. In addition, different societal expectations regarding health and caregiving
can create additional stress for women, making them feel inadequate if they perceive their health management
as insufficient, even when adhering to treatment. Additionally, the observed association could be somewhat
attributed to the adverse psychiatric effects of antihypertensive medications. Some medications used to treat
hypertension have been associated with potential side effects that can affect mental health. These adverse effects
might include mood changes, depression, anxiety, or cognitive difficulties®**. Furthermore, the observed
decline in vitality of men and women with high adherence to therapy may be explained by the concept of vitality
itself, as well as the psychiatric consequences of blood pressure medications. Vitality refers to a psychological
sense of aliveness, enthusiasm, or energy, and is assessed through questions about a person’s energy level, fatigue,
and overall well-being®*. Therefore, it is reasonable to hypothesize that vitality decreases due to the adverse
effects of elevated blood pressure on physical functioning. Consistent with this hypothesis, several studies have
confirmed that hypertension limits the ability of affected patients to engage in certain activities, such as exercise
or social events®. Another possibility could be the adverse effects of antihypertensive drugs, such as tiredness or
dizziness, which could exacerbate the limitations mentioned above’>.

This study revealed a sex difference in the association between emotional states and BP. Specifically, there was
no observed link between different BP states and psychological disorders in men. However, in women, negative
emotional states were only evident in those who were aware of their hypertension. These findings align with a
cross-cultural population-based European study, which also reported an increased risk of psychological distress
among individuals diagnosed with hypertension?. Additionally, other studies have indicated that individuals
labeled as hypertensive or mislabeled as hypertensive tend to experience higher mental distress levels than those
unaware of their hypertension®. The observed sex difference in the association between emotional states and
BP could be attributed to existing biological and hormonal differences between men and women®’. Research
suggests that women compared to men may have different levels of certain neurotransmitters (like serotonin)
that regulate mood. This can make them more vulnerable to anxiety and depression, particularly when they
are aware of a chronic health condition®®. In addition, women experience significant hormonal changes
throughout their lives (e.g., menstrual cycles, pregnancy, menopause) can influence mood and emotional
stability, making women more susceptible to experiencing negative emotional states when faced with health
issues like hypertension®®. Additionally, societal and cultural norms may play a role in shaping the expression
and reporting of emotional states in men and women. Men, traditionally, may be more prone to suppressing
or downplaying their emotional experiences, which could impact the observed link between emotional states
and BP. Conversely, women may be more socially encouraged to express their emotions, potentially leading to a
stronger association between emotional states and physiological responses, including BP®. Another possibility
is related to different health-seeking behaviors in men and women. Women who are aware of their hypertension
may exhibit greater vigilance in monitoring their health, which could lead to a deterioration in their emotional
well-being®!. Moreover, some evidence suggests that awareness of having high BP can trigger an increase in
sympathetic activity, which may partially explain the role of awareness in the deterioration of mental health®*52,
The current study further discovered that anxiety was manifested in women with high medication adherence,
whereas depression, anxiety, and stress symptoms appeared in those with low commitment to treatment. Berga
and Smith, 2012 The manifestation of anxiety in patients with high medication adherence and the negative
consequences stemming from disease awareness could be explained by the neuropsychiatric side effects of
certain BP-lowering medications®®. However, these mechanisms fail to fully elucidate the manifestation of
depression, anxiety, and stress in hypertensive females with low medication adherence. In this regard, the study
explored the association between mental HRQoL and emotional states to understand these findings better.
Our results indicated that the manifestation of negative emotional states in women with poor adherence to
anti-hypertensive medication was consistent with a decline in mental HRQoL, including MCS and its related
subscales. Previous studies have consistently demonstrated a decrease in HRQoL among individuals experiencing
mental distress, with anxiety and stress frequently identified as strong predictors of reduced HRQoL®*>. These
findings suggest the possibility of reverse causality in the relationship between emotional states and BP. In this
context, hypertension awareness may be associated with psychological distress, and negative emotional states
could contribute to poor treatment adherence and uncontrolled BP. Consequently, ongoing concern about the
consequences of inadequate BP control may harm mental HRQoL. In other words, this study, which places
hypertension awareness as a central concept in line with prior research, confirms an overlap between mental
distress and an individual’s self-perception of mental health®®.

This study contains some strengths and limitations. A large population-based study conducted in a Middle
Eastern country provided a unique opportunity to determine the sex-specific association between different
BP statutes with HRQoL and emotional states, considering the contribution of awareness and commitment to
treatment. However, it is essential to acknowledge the limitations of the study. Firstly, the study’s cross-sectional
design limits its ability to establish a cause-and-effect association between the variables. Another limitation is
that the assessment of disease awareness relied on self-report, which is susceptible to reporting and recall biases.
Additionally, commitment to treatment was assessed using a single question. Although this approach could
be an acceptable way to screen for medication adherence, for example, a single-question test for drug use was
validated as an effective screening tool in a sample of primary care patients®’. Furthermore, the generalizability
of the study findings may be limited to communities with similar cultural and socio-economic characteristics.
In addition, due to the absence of a universally accepted threshold for determining the clinical significance of
HRQoL scores, interpretation of the clinical effects of the results is difficult.
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Conclusion

The current study found that the individuals with undiagnosed disease have similar HRQoL and emotional
states compared to the normotensive participants, which may explain why these individuals do not seek medical
care. The declined physical perception of health in hypertensive patients with high adherence to medications
compared with those with low medication adherence and undiagnosed disease implied the prognostic value of
commitment to treatment compared to disease awareness on physical HRQoL. In addition, the mental perception
of health and emotional states of women, compared to men, were more affected by their BP status, and it was
such that the occurrence of negative emotional states was consistent with the decline in mental HRQoL of
hypertensive women and mainly in those with low medication adherence. Moreover, our findings highlighted
that hypertension awareness was significantly associated with reduced mental HRQoL and depression, anxiety,
and stress symptoms, which may lead to low adherence to treatment. This study highlights the significance of
psychiatric assessment, counseling, and support services while taking into account gender-specific differences
among hypertensive patients. It also emphasizes the necessity for customized interventions for both men and
women to improve their mental well-being and adherence to treatment.
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