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Adherence to prescribed antihypertensive =

medication among patients with depression
in the United States
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Abstract

Background: Hypertensive patients with depression have a higher mortality rate and a worse prognosis compared
with hypertensive only. Depression may reduce medication adherence in hypertension patients.

Methods: This study includes respondents in the National Health and Nutritional Examination Survey (NHANES)
database from 2005 to 2018 who had previously been diagnosed with hypertension. Medication adherence was
defined as taking medication as recommended by a physician. The depressive state was assessed using the patient
health questionnaire (PHQ)-9.

Results: Nine thousand one hundred eighty-six respondents were included in the analysis. Medication adherence
was associated with depression (odds ratio [OR]: 1.48, 95% confidence interval [Cl]: 1.26 to1.75) and depression score
(OR: 1.04 per each point increase, 1.03 to 1.05) in the unadjusted analyses. After adjusting for clinical and socioeco-
nomic/demographic factors, there were significant statistical correlations between depression score and medication
adherence (aOR: 1.02 per each point increase, 1.00 to 1.03, p <0.05), but there was no significant statistical correlation
between depression and medication adherence (p >0.05). It was still statistically significant relationships between
sex, age, body mass index (BMI), race, marital status, and health insurance with medication adherence after adjusted
socioeconomic/demographic factors.

Conclusion: Depression was marginally associated with poor medication adherence in hypertensive patients, and
the correlation increased with depression degree. Moreover, socioeconomic/demographic factors have an independ-
ent impact on medication adherence including sex, age, BMI, race, marital status, and health insurance.
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Introduction

Hypertension is common in the United States (US) and is
often poorly controlled [1]. Uncontrolled hypertension is
a risk factor for many leading causes of death, including
myocardial infarction and stroke [2]. Only around half
of the patients with hypertension are treated [1]. Lack of
treatment or poor adherence to prescribed antihyperten-
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education, and national policies that alter access to medi-
cation [4]. The influence of psychological factors on
medication adherence may also play a role, particularly in
depression [5-8]. Hypertension and depression are risk
factors for cardiovascular morbidity and mortality, and
people with both conditions have a worse prognosis than
those with hypertension alone [9, 10]. Previous studies
have shown the prevalence of depression among patients
with hypertension to be between 26 and 57% [11-13].
Compared with nondepressed patients, the possibility
was higher that depressed patients would be noncompli-
ant with medical treatment recommendations [8].

Although the relationship between depression and
medication adherence has been explored in recent years,
depression is associated with poor medication adher-
ence, and other factors related to medication adherence
have been analyzed. However, studies on the relationship
between depression and antihypertensive medication
adherence have not been clarified well, and the results
have been inconsistent [5, 14—18].

In hypertension patients, we hypothesize that depres-
sion negatively affects medication adherence; other
sociodemographic factors can also influence medica-
tion adherence. The purpose of this study was to explore
the relationship between depression, sociodemographic
characteristics and medication adherence in National
Health and Nutritional Examination Survey (NHANES)
respondents (2005-2018) with hypertension and who
were prescribed antihypertensive medications [19].

Methods

Sample

The NHANES is a biennial, cross-sectional, multistage,
stratified, clustered probability survey of the civilian,
non-institutionalized US population conducted by the
National Center of Health Statistics. This analysis used
data extracted from the 2005-2018 surveys for respond-
ents (>18years old) who reported being told more than
twice by a healthcare professional that they had high
blood pressure and needed to take prescribed medicine
because of high blood pressure. Standardized questions
to this effect were included in the NHANES home ques-
tionnaire, implemented by trained interviewers using the
Computer-Assisted Personal Interview (CAPI) system.
All data were reviewed by the NHANES field office staff
for accuracy and completeness. The NHANES protocol
was approved by the National Center for Health Statis-
tics Ethics Review Board, and written informed consent
was obtained from all participants. In addition, this study
was approved by the Ethical Review Board of Guangdong
Provincial People’s Hospital. All NHANES data used in
our analysis are publicly available at https://www.cdc.
gov/nchs/nhanes/.

Page 2 of 9

Objective

The primary objective of this analysis was to look at the
correlation between medication adherence and depres-
sion in hypertension patients. A secondary objective
was to look at the influences of medication adherence
by other sociodemographic factors.

Depressive symptoms

An overall depression score was obtained from
NHANES respondents using the Patient Health Ques-
tionnaire (PHQ)-9. The PHQ-9 is a self-administered
version of the PRIME-MD diagnostic instrument for
common mental disorders. It scores each of the nine
Diagnostic and Statistical Manual of Mental Disor-
ders, 4th edition, criteria as “0” (not at all) to “3” (nearly
every day). High scores for each item represent being
frequently bothered by the symptom in the last 2
weeks. The final question assesses overall impairment
due to depressive symptoms. A total score of >5 indi-
cated that the respondent had mild to severe depres-
sion symptoms, while a total score of >10 indicated
that the respondent had clinical depression or moder-
ate to severe depression symptoms. Depression was
defined as a PHQ-9 score > 10 in our analysis [20, 21].

Sociodemographic characteristics

Sociodemographic  characteristics  included  sex
(grouped as male or female), age (<30, 30-54, 55-74,
or > 75years old), body mass index ([BMI] <25, 25-30,
or>30 m/kgz), race/ethnicity (Mexican American,
other Hispanic, Non-Hispanic White, Non-Hispanic
Black, or other), marital status (married or unmarried),
highest educational level (high school or less, some col-
lege, or college graduate or above), taking antidepres-
sants (yes or no), health insurance (yes or no), health
insurance cover prescriptions (yes or no) and family
income (< 130, 130-349%, or > 350% of the federal pov-
erty level [FPL]) [22]. Family income was categorized
using FPL information, which accounts for inflation
and family size. The cut point for participation in the
Supplemental Nutrition Assistance Program is 130% of
the poverty level, and 350% provides equal sample sizes
for each of the three income groups. After resting qui-
etly in a sitting position for 5 minutes and determining
the maximum inflation level, three consecutive blood
pressure readings are obtained. Mean systolic and dias-
tolic blood pressure was obtained using the NHANES
recommended method [23]. All were collected as part
of the NHANES home questionnaire or physical exami-
nation in the mobile examination center, using stand-
ardized techniques and equipment.
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Medication adherence

Data from the blood pressure & cholesterol section
and prescription medications section of the NHANES
questionnaire were used to assess medication adher-
ence [24]. According to the blood pressure interview,
we included patients with hypertension whom profes-
sionals advised to take antihypertensive medications
(Fig. 1). During the prescription medications section,
respondents are asked if they have taken medications in
the past 30days for which they needed a prescription.
Those who answer “yes” are asked to show the inter-
viewer the medication containers of all the products
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used. For each medication reported, the interviewer
enters the product’s complete name from the container
into a computer. The respondents will be considered
to be taking prescribed antihypertensive medications
if these medications contain antihypertensive medica-
tions. We defined good medication adherence as tak-
ing prescribed antihypertensive medications that the
respondent has been advised to abide by a doctor. Poor
medication adherence was defined as being told of the
need to take prescribed antihypertensive medications
but not currently taking them [4, 16].

NHANES respondents with
diagnosed hypertension from
2005 to 2018
N =14,420

«—.

Excluded (N=1,910)

* Not told to take medication (N = 1,895)
Declined survey (N=1)

* Unclear responses (N = 14)

Told to take prescribed
antihypertensive medications
N=12,510

Excluded (N = 3,324)

+—— .

*  Without any PHQ-9 (N=1,690)

* Incomplete PHQ-9 (N = 1,623)
Declined PHQ-9 (N =2)

* Incomplete medication record (N =9)

l

Taking antihypertensive medications
N =17,908

JV VL

Not taking antihypertensive medications
N=1,278

Without depression
N=17,010

With depression
N=2898

Without depression
N=1,074

With depression
N =204

Patient Health Questionnaire

Fig. 1 Screening flow of respondents included in research. Abbreviation: NHANES, National Health and Nutritional Examination Survey; PHQ,




Liu et al. BMC Psychiatry (2022) 22:764

Statistical methods

Statistical analysis was carried out using SPSS version 26.
Quantitative variables were described using mean and
standard deviation. Qualitative variables were defined
using frequency with percentage. Quantitative variables
were tested using the Shapiro-Wilk test to determine the
type of distribution. Comparisons between groups were
conducted using the Student’s t-test, the Mann-Whitney
U test for quantitative characteristics, and the chi-square
test or the Fisher exact test for qualitative characteristics.
In the univariate analysis, multiple testing corrections
adjust p-values derived from multiple statistical tests to
correct for the occurrence of false positives, and the sig-
nificance level was set at Bonferroni corrected p <0.05/14
(the number of comparisons)=0.0035. Due to the large
number of risk factors investigated in this study, only
elements with p<0.05 in the univariable analysis were
included in the multivariable logistic regression analy-
sis. Model 1 was a multivariate logistic regression model
including clinical and socioeconomic factors. Model 2
had demographic characteristics in multivariable logis-
tic regression analysis. Model 3 was a multivariate logis-
tic regression model including all mentioned control
variables. A p-value of <0.05 was considered statistically
significant.

Results

Twelve thousand five hundred ten NHANES respond-
ents (2005-2018) had been told to take prescribed anti-
hypertensive medications. After excluding data from
3324 respondents with incomplete medication records
or incomplete PHQ-9 questionnaires, data for 9186 were
eventually included in the analysis. Of these, 7908 (86.1%)
respondents had good medication adherence (898 with
depression and 7010 without), and 1278 (13.9%) had
poor medication adherence (204 with depression and
1074 without; Fig. 1). The missing data of the included
respondents are shown in eTable 1.

Respondent characteristics

A summary of respondent characteristics for those who
were and were not adherent to prescribed antihyperten-
sive medication is shown in Table 1. When the groups
were compared, significant differences in adherence were
seen by sex, age, BMI, race/ethnicity, marital status, fam-
ily income, systolic blood pressure (SBP), diastolic blood
pressure (DBP), taking antidepressants, health insur-
ance, depression score, and status. Numerically higher
proportions of good medication adherence were female,
>55years of age, with a BMI >25, non-Hispanic White
ethnicity, were married, and a family income >130% of
FPL, with health insurance than comparator groups.
The group with good medication adherence has lower
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systolic and diastolic blood pressure. Depression scores
were significantly lower in patients with good medication
adherence, and the proportion of respondents in each
depression severity category was also lower.

The depression symptoms and medication adherence

The association between depression and medication
adherence was presented in Table 2 and Fig. 2. Poor
medication adherence was associated with depression
(odds ratio [OR]: 1.48, 95% confidence interval [CI]: 1.26
tol.75, p <0.001) in the unadjusted analyses. Depres-
sion was positively associated with poor medication
adherence after adjusted clinical and socioeconomic
factors (adjusted odds ratio [aOR]: 1.28, 1.07 tol.53,
p =0.006, model 1), including systolic blood pressure,
diastolic blood pressure, family income, and health insur-
ance. But, there was no significant statistical correlation
between depression and poor medication adherence
after adjusted demographic factors (aOR: 1.06, 0.87 to
1.29, p =0.55, model 2; aOR: 1.21, 0.98 to 1.50, p =0.075,
model 3), included gender, age, educational level, mari-
tal status, BMI, race, family income, SBP, DBP, taking
antidepressants and health insurance. In unadjusted
analyses, we found a significant correlation between
PHQ-9 score and poor medication adherence (OR: 1.04
per each point increase, 95% CI; 1.03 to 1.05, p <0.001),
with respondents with more severe depression having
poorer adherence. When analyses were adjusted for sex,
age, educational level, marital status, BMI, race, fam-
ily income, SBP, DBP, taking antidepressants, and health
insurance, the correlation between depression score and
adherence was still statistically significant (aOR: 1.03 per
each point increase, 1.01 to 1.04, p <.001, model 3). To
figure out the associations between depression and other
characteristics and significance in clinical outcomes, we
further compared the baseline characteristics between
groups categorized by depression (eTable 2). The results
indicated that depression was affected by sex, age, educa-
tional level, marital status, BMI, race, family income, and
health insurance (p <.001).

The sociodemographic characteristics and medication
adherence

We examined the correlation between sociodemographic
characteristics and antihypertensive medication adher-
ence (Table 3). In unadjusted analyses, being female (vs.
male), having a higher BMI, older age, a non-Hispanic
White or Black race/ethnicity (vs. Mexican American),
being married (vs. unmarried), having a college graduate
or above (vs. high school or less), having a higher fam-
ily income, taking antidepressants (vs. not taking anti-
depressants) and having health insurance (vs. without
health insurance) were associated with good medication
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Table 1 Respondent characteristics by adherence to prescribed antihypertensive medication

Taking prescribed antihypertensive Not taking prescribed antihypertensive P-value

medication medication
N =7908 N=1278
Gender, n respondents (%) N=7908 N=1278 .002
Male 3663 (46.3) 651 (50.9)
Female 4245 (53.7) 627 (49.1)
Age, n respondents (%) N=7908 N=1278 <.001
<30years 58(0.7) 87 (6.8)
30-54years 1769 (22.4) 631 (49.4)
55-74years 4254 (53.8) 469 (36.7)
>75years 1827 (23.1) 91 (7.1)
BMI, kg/m?, n respondents (%) N=7774 N=1258 .006
Normal: BMI of < 25 1281 (16.2) 252 (19.7)
Overweight: BMI of 25 to <30 2507 (31.7) 376 (29.4)
Obese: BMI >30 3986 (50.4) 630 (49.3)
Race/ethnicity, n respondents (%) N=7908 N=1278 <.001
Mexican American 775 (9.8) 191 (14.9)
Other Hispanic 566 (7.2) 4(8.9)
Non-Hispanic White 3742 (47.3) 498 (39.0)
Non-Hispanic Black 2236 (28.3) 371 (29.0)
Other 589 (7.4) 104 (8.1)
Married, n respondents (%) 4360 (55.1) 575 (45.0) <.001
Educational level, n respondents (%) N=7896 =1266 036
High school or less 4131 (52.2) 687 (53.8)
Some college 2265 (28.6) 377 (29.5)
College Graduate or above 1500 (19.0) 202 (15.8)
Family income, n respondents (%) N=7249 N=1155 <.001
130% of FPL 2102 (26.6) 69 (36.7)
130-349% of FPL 2947 (37.3) 406 (31.8)
>350% of FPL 2200 (27.8) 280 (21.9)
SBP. mmHg, median (quartile) 131(119,144) 133(120,148) <.001
DBP, mmHg, median (quartile) 71 (62,79) 77 (68,86) <.001
Health insurance N=7901 N=1278 <.001
Yes 7252 (91.8) 897 (70.2)
No 649 (8.2) 381(29.8)
Health insurance cover prescriptions N=7264 N=890 136
Yes 6676 (91.9) 805 (90.4)
No 588 (8.1) 85 (9.6)
Taking antidepressants N=7880 N=1273 <.001
Yes 1358 (17.2) 105 (8.2)
No 3522 (82.8) 1168 (91.8)
PHQ-9 score, median (quartile) 2.00 (0.00,5.00) 3.00 (0.00,7.00) <.001
Depression status, n respondents (%) N=7908 N=1278 <.001
Without depression 7010 (88.6) 1074 (84.0)
Depression 898 (11.4) 204 (16.0)

BMI body mass index; FPL federal poverty level; PHQ Patient Health Questionnaire; SD standard deviation; SBP systolic blood pressure; DBP diastolic blood pressure

Significant differences are shown in bold
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Table 2 Association between depression and antihypertensive medication adherence

Risk of poor medication adherence

Unadjusted Model 12 Model 2° Model 3¢

OR (95%Cl) P for value OR (95%Cl) P for value OR (95%Cl) P for value OR (95%Cl) P for value

Depression status

Without depression  Ref. Ref. Ref. Ref.

1.48 (1.26,1.75) <.001 1.28 (1.07,1.53) .006 1.06 (0.87,1.29) .545 1.21(0.98,1.50) 075
1.04(1.03,1.05) <.001 1.03(1.02,1.04) <.001 1.02(1.01,1.03) .023 1.03(1.01,1.04) <.001

Depression

PHQ-9 score (per
each point increase)

Cl confidence interval; OR odds ratio; SBP systolic blood pressure; DBP diastolic blood pressure

2 Adjusted for SBP, DBP, family income, and health insurance

b Adjusted for gender, age, educational level, marital status, BMI, and race

€ Adjusted for gender, age, educational level, marital status, BMI, race, family income, SBP, DBP, taking antidepressants, and health insurance

Significant differences are shown in bold

a. b.
Unadjusted 0—*—0 Unadjusted 0—*—0
Model 1 +—+—¢ Model 1 +—+—+
Model 2 ¢—-*—+ Model 2 0—*—#
Model 3 1—'—4 Model 3 +—+—¢
I 1 1 1 I 1 1 1
05 1.0 15 2.0 098 100 102 104  1.06

OR(95%CI) for poor medication adherence OR(95%CI) for poor medication adherence

Fig. 2 Associations of depression with poor medication adherence. a Associations of the depression status with poor medication adherence; b
Associations of the PHQ-9 scores with poor medication adherence; “Model 1 adjusted for SBP, DBP, family income, and health insurance; “Model
2 adjusted for sex, age, educational level, marital status, BMI, and race; " Model 3 adjusted for sex, age, educational level, marital status, BMI, race,
family income, SBP, DBP, and health insurance; Abbreviation: OR: Odds ratio; Cl: confidence interval; PHQ, Patient Health Questionnaire; BMI, body

mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure

adherence (p <0.05). Except for the highest educational
level and family income, these factors were also signifi-
cant in the adjusted analyses, with similar OR.

Discussion

This study found that among US NHANES respondents
(2005-2018) with prescribed antihypertensive medi-
cation, adherence was marginally worse in those with
depression and also influenced by a range of sociode-
mographic characteristics. These respondents had 1.03
times the odds of being non-adherent per each PHQ-9
point increase, and poor antihypertensive medication
adherence was more common in patients with worse
depression.

Depression is common in patients with hypertension
and is associated with a poorer diet, poorer prognosis,
higher functional impairment, and higher healthcare
costs [11, 25]. Previous studies have found depression to

reduce medication adherence [26]. Specific to patients
with hypertension, a cross-sectional study found a sig-
nificant association between depressive symptoms and
poor medication adherence [5]. Further, a cohort study
of 2180 elderly patients with hypertension found those
with depression and a low level of social support to have
significantly worse medication adherence after 1 year
[27]. Similar to these findings, our study observed poorer
antihypertension medication adherence in patients with
depression. Besides, we found that the risk of poor medi-
cation adherence is higher in those with higher depres-
sion scores. It denotes that the risk of non-adherence is
higher in those with more severe depression. We should
pay more attention to those hypertension patients with
high depression scores and urge them to stick to medi-
cation in clinical work. We also demonstrated that the
covariates (sex, age, highest educational level, marital
status, BMI, race, family income, and health insurance)
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Table 3 Risk of antihypertension non-adherence by sociodemographic characteristics

Risk of poor medication adherence

Crude OR (95% CI) P value Adjusted OR? (95% Cl) P value
Gender

Male Ref. Ref.

Female 0.83 (0.74,0.94) .002 0.77 (0.67,0.89) <.001
Ageb (per one year old increase) 0.94 (0.93,0.94) <.001 0.94 (0.93,0.94) <.001
BMI, kg/m?

BMI of <25 Ref. Ref.

BMI of 25 to <30 0.76 (0.64,0.91) .002 0.67 (0.55,0.83) <.001

BMI >30 0.80 (0.69,0.94) .007 0.54 (0.45,0.66) <.001
Race/ethnicity

Mexican American Ref. Ref.

Other Hispanic 0.82 (0.63,1.06) 122 1.03 (0.76,1.34) 844

Non-Hispanic White 0.54 (0.45,0.65) <.001 0.71 (0.57,0.89) .003

Non-Hispanic Black 0.67 (0.56,0.82) <.001 0.68 (0.54,0.86) .001

Other 0.72(0.55,0.93) 013 0.79 (0.58,1.07) 0.13
Marital status

Not married Ref. Ref.

Married 0.67 (0.60,0.76) <.001 0.73 (0.63,0.85) <.001
Educational level

High school or less Ref. Ref.

Some college 1.00(0.87,1.15) 0.99 0.93 (0.79,1.09) 383

College Graduate or above 0.81 (0.69,0.96) 014 0.89(0.72,1.09) 253
Family Income <.001 191

<130% of FPL Ref. Ref.

130-349% of FPL 0.62 (0.54,0.71) <.001 0.87 (0.74,1.02) .085

>350% of FPL 0.57 (0.49,0.67) <.001 0.87(0.71,1.05) 176
Health insurance

No Ref. Ref.

Yes 0.21(0.18,0.24) <.001 0.39(0.32,0.46) <.001
Taking antidepressants

No Ref. Ref.

Yes 0.43 (0.35,0.53) <.001 0.46 (0.36,0.59) <.001

OR odds ratio; C/ confidence interval; BMI body mass index

2 Adjusted for sex, age, educational level, marital status, race, BMI, family income, taking antidepressants, and health insurance

b Age was included as a continuous variable in the logistic regression model

Significant differences are shown in bold

are associated with depression, which partly explains
why the correlation between depression and medication
adherence declined after adjustment for these factors.
In previous studies, it had been confirmed that sex, age,
education level, marital status, weight, race, economic
status, and medical insurance are significantly correlated
with depression [28-31].

Recent evidence suggests that treating depression
might improve medication adherence; however, the
effectiveness of standard interventions in reducing
medication non-adherence and early discontinuation

has been limited [32]. Similar to previous studies, our
study confirms that taking antidepressants was nega-
tively associated with medication adherence (OR: 0.46,
0.36 to 0.59, p <0.001). With the increasing incidence
of depression in patients with hypertension, it is nec-
essary to treat the whole person to achieve the best
outcomes [11]. Clinicians should consider screening
for depression in patients with hypertension and pro-
vide interventions where appropriate to help optimize
medication adherence and patient prognosis [33]. In
a randomized pilot trial that integrated depression
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treatment into the standard care for hypertension,
improved adherence to antidepressant and antihyper-
tensive medications improved depression outcomes,
and blood pressure control was observed among pri-
mary care patients [34]. This outcome may also apply
to other chronic diseases, as enhancing mental health
care among those with chronic illnesses managed in
primary care has been shown to improve outcomes
and reduce healthcare costs [35].

We also found that respondents who were female
(vs. male), older, of non-Hispanic White or Black race
(vs. Mexican American), married (vs. unmarried),
with a higher BMI, and with health insurance were
more likely to have better antihypertensive medication
adherence. These findings are consistent with previ-
ous studies. The Take Control of Your Blood Pressure
study showed that marriage was associated with bet-
ter medication adherence [6]. It has been proved that
marital status can affect the occurrence and prognosis
of cardiovascular diseases, and social causation theory
suggests that individuals benefit from spousal support
[36]. Moreover, awareness, treatment, and control of
blood pressure are worse among a representative sam-
ple of noninstitutionalized US adults aged 18—39 years
compared to those >40years. Further, access to
healthcare could influence the prescription of antihy-
pertensive medications and the degree of primary care
follow-up [37]. This factor would be most relevant in
young men (who tend to lack insurance and primary
care) and individuals with low Social and economic
support (SES) [1]. Our findings have found poorer
medication adherence in such individuals, younger
men without health insurance.

There are several strengths to our study. Firstly,
using the NHANES database allowed access to a large,
ethnically diverse, and nationally representative sam-
ple of respondents. The NHANES is conducted with a
standardized methodology, and the data is high qual-
ity. This will make our results more stable and con-
vincing. Secondly, using the PHQ-9 scale allowed a
validated assessment of depression. Thirdly, our anal-
yses on depression included adjustment for several
sociodemographic factors, which were also found to
influence medication adherence significantly.

Our study also had some limitations. The main one
is that there was no formal assessment of medica-
tion adherence. This was inferred from responses to
the NHANES questionnaire. Observational data from
questionnaires also have an inherent risk of recall bias.
In addition, we have yet to explore adherence to medi-
cation regimens due to the lack of medication regimen
records designed by a professional doctor.

Page 8 of 9

Conclusion

Depression was associated with poor medication adher-
ence in hypertensive patients, and the correlation increased
with depression degree. Variables confirmed in the logis-
tic regression model as having an independent impact on
medication adherence include sex, age, race, marital status,
BM], and health insurance.
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