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Objective: The aim of this study was to determine the
association of low antihypertensive medication adherence with
decline in health-related quality of life (HRQOL) over 1 year.

Methods: We used data from older men and women with
hypertension (n¼1525) enrolled in the Cohort Study of
Medication Adherence among Older Adults. Adherence was
measured using the validated self-report four-item Krousel-
Wood Medication Adherence Scale (K-Wood-MAS-4) (low
adherence¼ score �1) and prescription refill-based
proportion of days covered (PDC) (low
adherence¼ PDC<0.80). We defined decline in HRQOL as a
decrease in Mental Component Summary (MCS) or Physical
Component Summary (PCS) score (from the RAND 36-Item
Health Survey 1.0 administered at two time points – at the
time of adherence assessment and 1 year later) equivalent to
the minimal important difference (MID) for each respective
summary score, calculated as the average of MID estimates
derived from distribution and anchor-based approaches.

Results: The prevalence of low adherence was 38.6%
using the K-Wood-MAS-4 and 23.9% using PDC. On the
basis of mean MID estimates of 4.40 for MCS and 5.16 for
PCS, 21.8 and 25.2% of participants experienced a decline
in MCS and PCS, respectively, over 1 year. Low adherence
was associated with a decline in MCS for K-Wood-MAS-4
[prevalence ratio¼1.32, 95% confidence interval (95% CI)
1.08–1.62, P¼0.008], but not PDC (prevalence ratio
¼ 1.17, 95% CI 0.94–1.47, P¼0.168). Low adherence
was not associated with decline in PCS (K-Wood-MAS-4:
prevalence ratio ¼0.95, 95% CI 0.79–1.16; PDC:
prevalence ratio ¼1.10, 95% CI 0.90–1.35).

Conclusion: Low self-report medication adherence is
associated with decline in mental HRQOL over 1 year in
older adults with hypertension.

Keywords: health-related quality of life, hypertension, K-
Wood-MAS-4, medication adherence, older adults,
proportion of days covered

Abbreviations: BP, blood pressure; CES-D, Center for
Epidemiologic Studies Depression Scale; CI, confidence
interval; CoSMO, Cohort Study of Medication Adherence
among Older Adults; CVD, cardiovascular disease; HRQOL,
urnal of Hypertension
health-related quality of life; K-Wood-MAS-4, 4-item
Krousel-Wood Medication Adherence Scale; MCO,
managed care organization; MCS, Mental Component
Summary; MID, minimal important difference; PCS,
Physical Component Summary; PDC, proportion of days
covered; RAND-36, RAND 36-Item Health Survey 1.0; SD,
standard deviation; SEM, standard error of measurement
INTRODUCTION
H
ealth-related quality of life (HRQOL) is an indicator
of how a health condition and its treatment affect
physical, emotional and social well being [1].

Hypertension is an important modifiable risk factor for
cardiovascular disease (CVD) [2], which is associated with
poor HRQOL [3,4]. Given the growing number of older
adults [5] with hypertension and at risk for CVD, there is an
increasing concern about declining HRQOL in a growing
segment of the USA population [6]. Identifying modifiable
factors associated with declining HRQOL among older
adults may facilitate efforts to address this concern.

Antihypertensive medications can lower blood pressure
(BP)andreduceCVDrisk [7]; yet, onlyabouthalf of adultswith
hypertension take their medications as prescribed [8].
Although several previous cross-sectional studies have shown
www.jhypertension.com 153
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an association between low antihypertensive medication
adherence and poor HRQOL [9–13], few data exist on the
effect of low adherence on change in HRQOL over time in
older adults. A 2016 systematic review and meta-analysis of
observational and experimental studies reported that adher-
ing to antihypertensivepharmacotherapy was associatedwith
improved mental, physical and overall HRQOL. However, the
generalizability of the results was limited by the small number
of studies available, variability in adherence assessments used,
lack of information across age, sex and race subgroups, and
likelihood of publication bias [14].

To address limitations identified by the 2016 systematic
review [14], we determined the association of low medica-
tion adherence, using both self-report and pharmacy refill
measures, with decline in HRQOL over a 1-year follow-up
period among a sample of older women and men with
established hypertension, overall and across age, sex and
race subgroups. Knowledge of the association between low
adherence and subsequent decline in HRQOL may assist
healthcare providers and researchers to identify older
adults at risk for declining HRQOL.

MATERIALS ANDMETHODS

Study population and timeline
We conducted a secondary analysis of data from the Cohort
Study of Medication Adherence among Older Adults
(CoSMO), a prospective cohort study of factors associated
with antihypertensive medication adherence and CVD
among older adults with hypertension. The CoSMO study
design and baseline characteristics have been published
previously [15]. In brief, 2194 patients, 65 years of age and
older and taking antihypertensive medication were recruited
and enrolled from a large managed care organization (MCO)
in southeastern Louisiana. Recruitment was conducted from
August 2006 to September 2007. A telephonic survey was
administered three times at yearly intervals. Data were
extracted from health records and administrative databases
of the MCO. This analysis used data from first (henceforth,
‘Time 1’) and second (henceforth, ‘Time 2’) follow-up sur-
veys when the self-report adherence items and HRQOL were
collected. Overall, 1884 participants completed Time 1 and
Time 2 surveys. Of these participants, we excluded only 11
who reported their race to be other than white or black, 339
who had missing pharmacy refill or self-report adherence
measures at Time 1, and nine who had missing HRQOL data
at Time 1 or Time 2, yielding a sample of 1525 for this
analysis. The CoSMO study was approved by Institutional
ReviewBoardand theprivacyboardof theMCO.Participants
gave verbal informed consent and human subjects proce-
dures were in accordance with institutional guidelines [15].

Study measures

Exposure: Low medication adherence
The primary exposure variable was low self-report medi-
cation adherence at Time 1 measured by the four-item
Krousel-Wood Medication Adherence Scale (K-Wood-
MAS-4). The K-Wood-MAS-4 was developed to predict
pharmacy refill adherence in older adults taking antihyper-
tensive medications [16]: using pharmacy refill in the prior
154 www.jhypertension.com
year as the reference standard, the four-item scale had
moderate discrimination [C statistic of 0.704, 95% confi-
dence interval (95% CI) 0.683–0.714]; had sensitivity and
specificity of 67.4 and 67.8%, respectively; and performed
comparably to other published tools. Low K-Wood-MAS-4
adherence has been associated with uncontrolled BP
(adjusted odds ratio¼ 1.29, 95% CI 1.01–1.65) and incident
CVD (adjusted hazard ratio¼ 2.29, 95% CI 1.61–3.26) [17].
The tool is composed of four items assessing four aspects of
adherence behaviour: forgetfulness, intentionally missing
pills when one feels better, medication-taking self-efficacy
and physical health limitations. By design, the K-Wood-
MAS-4 captures implementation adherence, or the extent to
which treated patients continue to take their medication as
prescribed [18], and provides a general assessment of
adherence behaviour for people with treated, established
chronic disease. One point is assigned for each item
response indicating suboptimal adherence, low self-effi-
cacy or physical health limitations. The K-Wood-MAS-4
score is calculated as the sum across items; low adherence
is defined as K-Wood-MAS-4 score at least 1.

We also assessed adherence using antihypertensive med-
ication refill data from the pharmacy claims database of the
MCO. Using all antihypertensive medication prescriptions
filled in the year prior to Time 1, proportion of days covered
(PDC) was calculated as the number of days with medication
available to take divided by the number of days between the
first and last pharmacy refills in the time period [19]. As has
been previously reported, PDC was calculated for each
antihypertensive medication class separately and then aver-
aged across classes to generate an overall PDC for antihy-
pertensive medications [7,17,20]. Low pharmacy refill
adherence was defined as PDC less than 0.8 [19].

Outcome: decline in health-related quality of life
The HRQOL outcomes assessed were declines in Mental
Component Summary (MCS) and Physical Component
Summary (PCS) in the year between Time 1 and Time 2
data capture. HRQOL was captured using the RAND 36-
Item Health Survey 1.0 (RAND-36) [21], which includes 36
questions comprising four physical and four mental health
subscales. Subscale scores were weighted and aggregated
to create MCS and PCS scores, which were standardized to a
mean of 50 and standard deviation of 10 in the general USA
population [22].

Decline in HRQOL was defined as a decrease in MCS or
PCS score between Time 1 and Time 2 (i.e. over 1 year)
equivalent to the minimal important difference (MID) for
each respective summary score. MID is ‘the smallest differ-
ence . . . that informed patients or informed proxies per-
ceive as important, either beneficial or harmful, and that
would lead the patient or clinician to consider a change in
the management [23]’. Details on calculation of MID are
presented in the Statistical analysis section.

Covariates: sociodemographic, health behaviour,
healthcare and clinical factors
Sociodemographic factors, including age, sex, race, marital
status and education, and health behaviour factors, includ-
ing smoking status, alcohol consumption and healthy life-
style modifications for BP control (weight control, salt
Volume 39 � Number 1 � January 2021
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reduction and fruit and vegetable consumption) [24] were
assessed by self-report. Low hypertension knowledge was
defined as scores in the lowest tertile using a validated tool
[25]. Depressive symptoms were defined as scores at least
16 using the 20-item Center for Epidemiologic Studies
Depression Scale (CES-D) [26]. Low social support was
defined as scores in the lowest tertile using the RAND
Medical Outcomes Study Social Support Survey [27]. Low
coping was defined as a score below the median using a
shortened version of the John Henry Active Coping Scale
[28].

Healthcare factors, including number of visits to a
healthcare provider in the year prior to Time 1 and reduc-
tion in medications due to cost, were assessed by self-
report. Low satisfaction with healthcare was defined as
an average ‘poor’ or ‘fair’ rating using the Group Health
Association of America Consumer Satisfaction Survey [29].

Clinical factors included self-reported duration of hyper-
tension, height and weight. Comorbid conditions and num-
ber of classes of antihypertensive medications filled in the
year prior to Time 1 were identified using administrative
data. Using data on comorbid conditions, we calculated the
Charlson Comorbidity Index [30]. BP was abstracted from
electronic health records for the year preceding Time 1 and
average SBP and DBP levels were calculated as the mean of
all seated measurements. Uncontrolled BP was defined as
SBP at least 140 mmHg or DBP at least 90mm Hg.

Statistical analysis
Pearson’s chi-squared tests and Student’s t-tests were used
to test for differences in participant characteristics by adher-
ence status. An overall MID estimate for each summary
score was calculated as the average of MID estimates
derived from four approaches [31,32]. In distribution-based
approaches, MID was defined as 0.5 standard deviation
(SD) of Time 1 MCS or PCS score [33]; and standard error of
measurement (SEM) of Time 1 MCS or PCS, which was
calculated as sx(1–Gxx)

1/2, where sx was SD and Gxx was
Cronbach’s a [32,34]. In the cross-sectional anchor-based
approach, MID was defined as the difference in mean MCS
or PCS score between those who answered that their health
now was somewhat or much worse and those who indicated
that their present health was the same or better than their
health 1 year ago on that item in the Time 1 RAND-36 [32]. In
the longitudinal anchor-based approach, MID was defined
as the difference in mean change in MCS or PCS score from
Time 1 to Time 2 between those who indicated that they
were more often worn out at Time 2 than at Time 1 and
those who indicated no increase in frequency of being
worn out between the two survey administrations using the
responses to that RAND-36 item [32]. The percentage of
participants with decline in MCS and PCS was summarized
for each individual MID estimate as well as for the overall
mean MID estimate.

Separate multivariable Poisson regression models with
robust standard errors were used to estimate prevalence
ratios and 95% CIs for decline in MCS or PCS. Initial models
were adjusted for sociodemographic factors, including age,
sex, race, marital status, education. Subsequent models
were also adjusted for hypertension knowledge, social
support, coping, alcohol consumption, healthy lifestyle
Journal of Hypertension
modifications for BP control and number of visits to a
healthcare provider in the past year. To address the possi-
bility of reverse causality (i.e. the potential effect of mental
HRQOL on adherence), we also adjusted for Time 1 depres-
sive symptoms. Final models were further adjusted for
clinical factors including Charlson Comorbidity Index, BP
control and number of classes of antihypertensive
medications filled.

Age (<75 versus �75 years), sex (men versus women)
and race (black versus white) stratified analyses were
performed. Effect modification by age, sex and race was
tested by including an adherence x age, adherence x sex or
adherence x race interaction term in the fully adjusted
model for the overall sample. Given that the physical
function item of the K-Wood-MAS-4 originated from the
RAND-36, we conducted a sensitivity analysis using only
three items from the K-Wood-MAS-4 (i.e. excluding the
physical function item). We conducted a second sensitivity
analysis using four alternative definitions of decline in
HRQOL that were based on the individual MID estimates
derived from the four approaches. Given the possibility that
poor mental HRQOL at Time 1 could affect medication
adherence over the following year, a third sensitivity anal-
ysis examined decline in MCS or PCS among those without
low initial MCS or PCS, respectively. Low MCS and PCS
were defined as scores in the lowest tertile of the respective
distribution of summary scores [9], which corresponded to
cut points of 54.7 and 37.8, respectively. A fourth sensitivity
analysis used a composite measure of low adherence:
participants were categorized into one of four categories
based on their K-Wood-MAS-4 and PDC adherence statuses
(i.e. low K-Wood-MAS-4 adherence and low PDC adher-
ence; low K-Wood-MAS-4 adherence and not low PDC
adherence; not low K-Wood-MAS-4 adherence and low
PDC adherence; not low K-Wood-MAS-4 adherence and
not low PDC adherence). In a final sensitivity analysis, we
examined the association between low pharmacy refill
adherence measured in the one-year interval between Time
1 and Time 2 (rather than in the year prior to Time 1) and
decline in MCS and PCS. All analyses were performed using
Stata v14.1 (StataCorp, College Station, Texas, USA).
Figure 1 was created using R 3.4.3 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Participant characteristics
The mean age of the participants included in the sample
was 76.2 years. Approximately 59.7% of participants were
women, 27.9% were black and 55.3% were married (Table
1). The prevalence of low medication adherence was 38.6%
when measured by K-Wood-MAS-4 and 23.9% when mea-
sured by PDC.

Minimal important difference in health-related
quality of life
The MID estimates for MCS ranged from 3.13 for the SEM
distribution-based approach to 6.15 for the cross-sectional
anchor-based approach (Table 2). The MID estimates for
PCS ranged from 2.49 for the longitudinal anchor-based
approach to 9.68 for the cross-sectional anchor-based
www.jhypertension.com 155



FIGURE 1 Adjusted prevalence ratios and 95% confidence intervals for decline in health-related quality of life (MCS and PCS), overall and stratified by age, sex and race.
Reference category for all models: high adherence. CI, confidence interval; K-Wood-MAS-4, Krousel-Wood medication adherence scale; MCS, Mental Component
Summary; PCS, Physical Component Summary; PDC, proportion of days covered; PR, prevalence ratio. ��P<0.01.

TABLE 1. Participant characteristics

K-Wood-MAS-4 adherence PDC adherence

Overall n¼1525 High n¼936 Low n¼589 P High n¼1161 Low n¼364 P

Age �75 years (%) 56.3 56.4 56.0 0.883 57.5 52.5 0.095

Female (%) 59.7 57.4 63.5 0.018 59.4 61.0 0.577

Black (%) 27.9 24.3 33.6 <0.001 24.6 38.2 <0.001

Married (%) 55.3 55.6 54.8 0.784 55.8 53.6 0.453

High school education or greater (%) 80.6 82.3 77.9 0.037 82.1 75.8 0.008

Low hypertension knowledge (%) 29.6 26.7 34.3 0.002 29.1 31.3 0.421

Depressive symptoms (%) 12.8 8.3 19.9 <0.001 12.2 14.6 0.246

Low social support (%) 34.9 32.1 39.4 0.003 35.1 34.3 0.803

Low coping (%) 47.9 46.5 50.1 0.169 48.7 45.3 0.266

Hypertension duration �10 years (%) 63.4 62.9 64.3 0.581 63.5 63.2 0.913

High body mass index (%) 76.0 75.1 77.4 0.313 75.4 78.1 0.283

Charlson Comorbidity Index �2 (%) 56.3 52.8 62.0 <0.001 54.4 62.6 0.005

Uncontrolled blood pressure (%) 29.7 27.3 33.5 0.013 27.5 36.9 0.001

Ever smoked (%) 49.9 49.8 50.0 0.935 48.5 54.3 0.054

2þ alcoholic drinks per week (%) 24.0 27.4 18.7 <0.001 24.9 21.2 0.150

2þ health lifestyle modifications (%) 80.3 81.1 79.1 0.329 80.2 80.5 0.916

3þ classes of antihypertensive medications (%) 46.4 44.2 49.8 0.036 46.3 46.7 0.881

Low satisfaction with healthcare (%) 3.7 2.0 6.3 <0.001 3.0 5.8 0.015

6þ visits to healthcare provider in past year (%) 28.4 24.5 34.5 <0.001 26.4 34.7 0.002

Reduced medications due to cost (%) 2.2 1.0 4.1 <0.001 1.1 5.5 <0.001

MCS score (mean, SD) 55.2 (9.1) 56.2 (8.1) 53.6 (10.3) <0.001 55.5 (8.7) 54.3 (10.2) 0.026

PCS score (mean, SD) 42.3 (10.9) 45.2 (9.5) 37.7 (11.6) <0.001 42.7 (10.9) 41.2 (11.1) 0.029

K-Wood-MAS-4, Krousel-Wood medication adherence scale; MCS, Mental Component Summary; PCS, Physical Component Summary; PDC, proportion of days covered; SD, standard
deviation.
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TABLE 2. Distribution- and anchor-based minimal important difference estimates for health-related quality of life (Mental Component
Summary and Physical Component Summary) and percentage with decline using each definition

Distribution-based Anchor-based

0.5 SD 1 SEM Cross-sectional Longitudinal Mean

Health-related
quality of life

MID
estimate

% (n)
with decline

MID
estimate

% (n) with
decline

MID
estimate

% (n) with
decline

MID
estimate

% (n) with
decline

MID
estimate

% (n) with
decline

MCS 4.54 20.7 (316) 3.13 28.5 (435) 6.15 16.0 (244) 3.80 25.9 (395) 4.40 21.8 (332)

PCS 5.47 23.9 (365) 3.02 35.1 (535) 9.68 12.4 (189) 2.49 38.2 (582) 5.16 25.2 (384)

Health-related quality of life (MCS and PCS) measured using RAND 36-Item Health Survey 1.0.
MCS, Mental Component Summary; MID, minimal important difference; PCS, Physical Component Summary; SD, standard deviation; SEM, standard error of measurement.

Medication adherence and quality of life
approach. Using the mean MID across the four approaches
of 4.40 for MCS and 5.16 for PCS, 21.8 and 25.2% of
participants experienced a decline in MCS and PCS, respec-
tively, over 1 year (i.e. from Time 1 to Time 2). The
percentage of respondents experiencing a decline in
HRQOL for individual MID estimates ranged from 16.0 to
28.5% for MCS and from 12.4 to 38.2% for PCS.

Decline in health-related quality of life

Mental component summary
Among those with low K-Wood-MAS-4 adherence, 26.0%
experienced a decline in MCS compared with 19.1% of
those with high K-Wood-MAS-4 adherence. Also, 24.5 and
20.9% of those with a low and high PDC adherence,
respectively, experienced a decline in MCS. After adjust-
ment for sociodemographic, health behaviour, healthcare
and clinical factors, low adherence at Time 1 was associated
with a decline in MCS from Time 1 to Time 2 for K-Wood-
MAS-4 (prevalence ratio¼ 1.32, 95% CI 1.08–1.62,
P¼ 0.008), but not PDC (prevalence ratio¼ 1.17, 95% CI
0.94–1.47, P¼ 0.168), adherence (Table 3, Fig. 1; full model
results presented in Table S1 in Supplemental Digital Con-
tent, http://links.lww.com/HJH/B424).

Physical component summary
Among those with low K-Wood-MAS-4 adherence, 23.6%
experienced a decline in PCS compared with 26.2% of those
with high K-Wood-MAS-4 adherence. Among those with
low and high PDC adherence, 26.9 and 24.6%, respectively,
experienced a decline in PCS. After adjustment for
TABLE 3. Unadjusted and adjusted prevalence ratios and 95% confide
Component Summary and Physical Component Summary)

Health-related quality of life Unadjusted PR (95% CI) Model

Mental Component Summary (MCS)
Low K-Wood-MAS-4 adherence 1.36�� (1.12–1.64) 1.33�

Low PDC adherence 1.17 (0.94–1.44) 1.1

Physical Component Summary (PCS)
Low K-Wood-MAS-4 adherence 0.90 (0.75–1.08) 0.9

Low PDC adherence 1.09 (0.90–1.33) 1.1

Reference category for all models: high adherence.
Model 1 adjusted for age, sex, race, marital status, education.
Model 2 adjusted for Model 1 variables and hypertension knowledge, depressive symptoms, soc
visits to healthcare provider in past year.
Model 3 adjusted for Model 2 variables and comorbidities, blood pressure control and number
CI, confidence interval; K-Wood-MAS-4, Krousel-Wood medication adherence scale; PDC, propo
�P<0.05.
��P<0.01.

Journal of Hypertension
sociodemographic, health behaviour, healthcare and clini-
cal factors, low medication adherence at Time 1 was not
associated with a decline in PCS from Time 1 to Time 2
(prevalence ratio¼ 0.95, 95% CI 0.79–1.16, P¼ 0.633 for K-
Wood-MAS-4; prevalence ratio¼ 1.10, 95% CI 0.90–1.35,
P¼ 0.362 for PDC) (Table 3, Fig. 1; full model results
presented in Table S1 in Supplemental Digital Content,
http://links.lww.com/HJH/B424).

Subgroup analysis
There was no evidence of effect modification by age, sex or
race (all P-interaction> 0.05). Results stratified by age, sex
and race are presented in Fig. 1. The association between
low self-report adherence and decline in MCS was present
in whites (prevalence ratio¼ 1.41, 95% CI 1.10–1.81,
P¼ 0.007), but not blacks (prevalence ratio¼ 1.12, 95%
CI 0.80–1.58, P¼ 0.505).

Sensitivity analysis
The prevalence ratio for the association between low
adherence and decline in MCS when the physical function
item was excluded from the K-Wood-MAS-4 was 1.23 (95%
CI 0.99–1.53, P¼ 0.060). There was no association between
low adherence and decline in PCS when the physical
function item was excluded from the K-Wood-MAS-4
(PR¼ 1.14, 95% CI 0.93–1.39, P¼ 0.214).

The prevalence ratio for the association between low
adherence and decline in MCS as defined by each individ-
ual MID estimate ranged from 1.23 (95% CI 1.04–1.46,
P¼ 0.016) to 1.53 (95% CI 1.20–1.96, P¼ 0.001) using K-
Wood-MAS-4 and from 1.11 (95% CI 0.90–1.35, P¼ 0.332)
nce intervals for a decline in health-related quality of life (Mental

1 PR (95% CI) Model 2 PR (95% CI) Model 3 PR (95% CI)

� (1.10–1.61) 1.28� (1.05–1.56) 1.32�� (1.08–1.62)

5 (0.93–1.42) 1.13 (0.91–1.41) 1.17 (0.94–1.47)

2 (0.77–1.10) 0.92 (0.76–1.11) 0.95 (0.79–1.16)

3 (0.93–1.38) 1.12 (0.92–1.37) 1.10 (0.90–1.35)

ial support, coping, alcohol consumption, healthy lifestyle modifications and number of

of classes of antihypertensive medication.
rtion of days covered; PR, prevalence ratio.
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TABLE 4. Adjusted prevalence ratios and 95% confidence intervals for a decline in health-related quality of life (Mental Component
Summary and Physical Component Summary) as defined by individual minimal important difference estimates

Minimal important difference estimate

Health-related quality of life 0.5 SD 1 SEM Cross-sectional Longitudinal

Mental Component Summary (MCS)
Low K-Wood-MAS-4 adherence 1.35�� (1.09–1.66) 1.23� (1.04–1.46) 1.53��� (1.20–1.96) 1.24� (1.03–1.48)

Low PDC adherence 1.17 (0.93–1.47) 1.15 (0.95–1.38) 1.27 (0.97–1.65) 1.11 (0.90–1.35)

Physical Component Summary (PCS)
Low K-Wood-MAS-4 adherence 0.93 (0.76–.14) 0.92 (0.79–1.07) 0.78 (0.57–1.06) 0.92 (0.80–1.06)

Low PDC adherence 1.10 (0.89–1.36) 0.99 (0.84–1.17) 1.09 (0.79–1.50) 0.98 (0.83–1.15)

Reference category for all models: high adherence.
Models adjusted for age, sex, race, marital status, education, hypertension knowledge, depressive symptoms, social support, coping, alcohol consumption, health lifestyle modifications,
number of visits to healthcare provider in past year, comorbidities, blood pressure control, and number of classes of antihypertensive medication
CI, confidence interval; K-Wood-MAS-4, Krousel-Wood medication adherence scale; PDC, proportion of days covered; PR, prevalence ratio; SD, standard deviation; SEM, standard error
of measurement.
�P<0.05.
��P<0.01.
���P<0.001.

Peacock et al.
to 1.27 (95% CI 0.97–1.65, P¼ 0.080) using PDC (Table 4).
The prevalence ratio for the association between low
adherence and decline in PCS ranged from 0.78 (95% CI
0.57–1.06, P¼ 0.117) to 0.93 (95% CI 0.76–1.14, P¼ 0.512)
using K-Wood-MAS-4 and from 0.98 (95% CI 0.83–1.15,
P¼ 0.796) to 1.10 (95% CI 0.89–1.36, P¼ 0.376) using PDC.

Among those without low initial MCS, low adherence
was associated with decline in MCS (prevalence
ratio¼ 1.43, 95% CI 1.13–1.80, P¼ 0.003 using K-Wood-
MAS-4; prevalence ratio¼ 1.35, 95% CI 1.05–1.73, P¼ 0.017
using PDC). There was no association between low adher-
ence and decline in PCS among those without low initial
PCS (prevalence ratio¼ 1.16, 95% CI 0.94–1.43, P¼ 0.172
using K-Wood-MAS-4; prevalence ratio¼ 1.07, 95% CI
0.86–1.35, P¼ 0.533 using PDC).

Using the four-category composite adherence measure,
having both low K-Wood-MAS-4 and low PDC adherence
was associated with a decline in MCS over the following
year (prevalence ratio¼ 1.46, 95% CI 1.08–1.96, P¼ 0.013)
(Table 5). Having only low K-Wood-MAS-4 adherence (and
not low PDC adherence) was also associated with decline in
MCS (prevalence ratio¼ 1.31, 95% CI 1.04–1.67, P¼ 0.025),
while having only low PDC adherence (and not low K-
TABLE 5. Adjusted prevalence ratios and 95% confidence
intervals for association between composite
adherence measure and a decline in health-related
quality of life (Mental Component Summary and
Physical Component Summary)

Adherence category Decline in MCS Decline in PCS

Low K-Wood-MAS-4
and low PDC

1.46� (1.08–1.96) 1.05 (0.79–1.40)

Low K-Wood-MAS-4
and not low PDC

1.31� (1.04–1.67) 0.93 (0.74–1.18)

Not low K-Wood-MAS-4
and low PDC

1.15 (0.82–1.61) 1.10 (0.83–1.46)

Not low K-Wood-MAS-4
and not low PDC

Ref Ref

Models adjusted for age, sex, race, marital status, education, hypertension knowledge,
depressive symptoms, social support, coping, alcohol consumption, health lifestyle
modifications, number of visits to healthcare provider in past year, comorbidities, blood
pressure control and number of classes of antihypertensive medication.
CI, confidence interval; K-Wood-MAS-4, Krousel-Wood medication adherence scale;
MCS, Mental Component Summary; PCS, Physical Component Summary; PDC,
proportion of days covered; PR, prevalence ratio.
�P<0.05.
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Wood-MAS-4 adherence) was not associated with decline
in MCS (prevalence ratio¼ 1.15, 95% CI¼ 0.82–1.61,
P¼ 0.417). There was no increase in the likelihood of a
decline in PCS for any of the adherence categories (preva-
lence ratio¼ 1.05, 95% CI 0.79–1.40, P¼ 0.726; prevalence
ratio¼ 0.93, 95% CI 0.74–1.18, P¼ 0.566; prevalence
ratio¼ 1.10, 95% CI 0.83–1.46, P¼ 0.507; respectively).

When low pharmacy fill adherence was measured in the
one-year interval between Time 1 and Time 2, low adher-
ence over this period was not associated with decline in
MCS (prevalence ratio¼ 1.19, 95% CI 0.95–1.49, P¼ 0.137)
or PCS (prevalence ratio¼ 1.15, 95% CI 0.93–1.42,
P¼ 0.204) from Time 1 to Time 2.

DISCUSSION
Low self-report antihypertensive medication adherence
was associated with a decline in mental HRQOL over 1
year among older adults. Low medication adherence was
not associated with decline in physical HRQOL. The find-
ings from this longitudinal analysis extend those of previ-
ous cross-sectional studies demonstrating an association
between low medication adherence and poor HRQOL
[9,35]. Moreover, our findings for mental HRQOL are con-
sistent with a 2016 systematic review and meta-analysis of
20 clinical trials and observational studies showing that
adhering to medications is associated with improvements
in mental HRQOL [14]. The current analysis addressed
several limitations common to the studies included in the
systematic review. We used two measures of medication
adherence, including a validated self-report tool and phar-
macy refill-based adherence measure, had a relatively large
sample of older adults, and were able to adjust for BP
control, a potential cofounder.

There was no evidence of differences in the association
between low adherence and decline in HRQOL across age,
sex and race subgroups (all P-interaction> 0.05). However,
the study was not designed to examine age, sex and race
differences and may have been underpowered to detect
effect modification, particularly by race given the limited
sample of blacks (e.g. n¼ 400 in the fully adjusted model
testing the association between low K-Wood-MAS-4 adher-
ence and decline in PCS). Race differences in adherence [36]
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Medication adherence and quality of life
and HRQOL [37] warrant further research with larger
subgroup samples.

The association between low medication adherence and
decline in HRQOL was present for self-report but not
pharmacy refill adherence. In the sensitivity analysis using
the composite adherence measure, those with both low
self-report and low pharmacy refill adherence were most
likely to have a decline in MCS, followed by those with only
low self-report adherence. In the absence of low self-report
adherence, low pharmacy refill adherence was not associ-
ated with a decline in MCS. Although pharmacy refill
adherence measures reflect the extent to which prescrip-
tions are filled as directed, self-report adherence measures
may better reflect actions across the cascade of adherence
behaviour, which may have a greater impact on change in
HRQOL [7,38]. In addition, the K-Wood-MAS-4 assesses
multiple domains influencing adherence behaviour (forget-
fulness, intentionally missing pills when one feels better,
medication-taking self-efficacy and physical health limita-
tions) [16] and may be a more sensitive indicator of decline
in HRQOL than the pharmacy refill measure. Finally, the
different results for self-report versus pharmacy refill adher-
ence may also be due to the different effective recall periods
for the two measures: in the primary analysis, PDC reflects
adherence behaviour averaged over the year preceding
Time 1 while the K-Wood-MAS-4, an implementation
adherence measure, does not specify a recall period and
provides an assessment of general adherence behaviour.
Prior work revealed an annual rate of decline of only 4.3%
for self-report adherence in a cohort of older patients with
established hypertension over 2 years of follow-up [39],
suggesting that self-reported implementation adherence is
relatively stable in this population. However, it is possible
that the K-Wood-MAS-4 is capturing adherence behaviour
more proximal to the detection of decline in HRQOL than
prescription-based approaches. In the sensitivity analysis,
using a more proximal measure of PDC adherence (phar-
macy refill data captured between Time 1 and Time 2)
yielded qualitatively similar results compared with the main
analysis that captured pharmacy refill data in the year prior
to Time 1.

Results were qualitatively similar when excluding the
physical function item from the self-report measure, sug-
gesting that the physical function item does not entirely
explain the association between self-report adherence and
decline in HRQOL. Moreover, results were qualitatively
similar when decline in HRQOL was defined using indi-
vidual MID estimates, indicating results are robust to varia-
tion in how MID is calculated.

Medication adherence is a complex issue. It is possible
that the associations observed are due to the effect of
mental HRQOL on medication adherence (i.e. reverse
causality). Indeed, previous longitudinal studies have dem-
onstrated that poor mental health leads to low adherence
[40,41]. To address this possibility, we adjusted for Time 1
depressive symptoms in the models and conducted a
sensitivity analysis that included only those with high/
moderate initial MCS. Adjustment for depressive symptoms
did not attenuate the association between low adherence
and decline in MCS and results of the sensitivity analysis
were qualitatively similar to those obtained from the
Journal of Hypertension
primary analysis. We cannot, however, rule out the possi-
bility that, for some participants, the decline in MCS we
detected from Time 1 to Time 2 was an extension of an
existing downward trend in mental health that preceded the
detection of, and contributed to, low adherence at Time 1.
Thus, the alternative interpretation of the study results
cannot be entirely excluded by the methodological strate-
gies we employed to address reverse causality.

Although the exact mechanism linking low adherence to
decline in HRQOL is unknown, it is possible that adherence
to antihypertensive medication therapy may prevent decline
in HRQOL via better BP control [42,43], or because of its
association with nonpharmacological lifestyle changes [15],
which are associated with improvements in HRQOL [43].
However, including uncontrolled BP and healthy lifestyle
modifications in regression models did not substantially
change the association between low adherence and decline
in HRQOL. Moreover, controlling for comorbidities, which
are associated with both low adherence [36] and low HRQOL
[44], did not attenuate the relationship between low adher-
ence and decline in HRQOL. Finally, including number of
classes of antihypertensive medications in the models as a
measure of medication burden did not change the associa-
tion between low adherence and decline in HRQOL. Further
work is needed to elucidate the mechanism linking adher-
ence behaviour to changes in HRQOL.

This studyhas several strengths, including theprospective
longitudinal design, comprehensive collection of variables
with both validated self-report and pharmacy fill adherence
measures, multiple assessments of HRQOL and diverse sam-
ple of community-dwelling older adults with hypertension.
The restriction of our sample to adults in a managed care
setting minimizes confounding effects of health insurance,
access to medical care and employment status. The K-Wood-
MAS-4 is short, simple to use, open access, has been inter-
nally validated, and has comparable performance statistics to
other widely-used self-report adherence tools [16]. Finally,
the use of both distribution and anchor-based approaches to
deriveMID estimates for decline in summary scores accounts
for both clinical relevance and measurement precision and
thereby addresses the limitations associatedwith using either
approach in isolation [32].

The results of this analysis should be considered in the
context of study limitations. The CoSMO sample was
restricted to English-speaking, insured adults in one region
of the United States, and results may not be generalizable to
other contexts. Participants excluded from this analysis due
to loss to follow-up, reporting race to be other than black or
white (n¼ 11), or missing adherence or HRQOL measures
were more likely than the full CoSMO sample to be black,
have lower education and lower hypertension knowledge,
have high stress, report low healthcare satisfaction despite
more provider visits in the year prior, have higher rates of
low PDC adherence and uncontrolled BP, and be less likely
to adopt healthy behaviours for BP control. Moreover,
given the documented association between poor adher-
ence and mortality risk [45], the Time 1 medication-taking
behaviour of participants who could be included in the
analysis because they survived to Time 2 may not be
reflective of the medication-taking behaviour of all CoSMO
participants. Self-report and pharmacy refill adherence are
www.jhypertension.com 159
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indirect measures and do not assess whether patients took
their medications as prescribed. Nevertheless, previous
research demonstrating associations of K-Wood-MAS-4
and pharmacy refill adherence with BP control and incident
CVD [16,17] suggests that the measures reflect actual medi-
cation-taking behaviour. Although the CoSMO study col-
lected comprehensive data on numerous factors related to
medication adherence according to a published conceptual
framework [15], it was a nonexperimental study; thus, there
is the possibility that unobserved factors that explain the
association between low adherence and decline in HRQOL
were not captured for inclusion in the model. Finally,
though inclusion of Time 1 depressive symptoms in the
model did not attenuate the association between low
adherence and decline in MCS, and though the results of
the sensitivity analysis excluding those with low MCS at
Time 1 were qualitatively similar to those from the main
analysis, these methodological strategies may have been
insufficient to rule out the possibility of reverse causality,
that is that the observed association is due to the effect of
mental HRQOL on adherence. Thus, this alternative expla-
nation cannot be entirely excluded.

Although the primary goal of hypertension management
has traditionally been to prevent CVD and extend life, there
is growing attention to evaluating and improving subjective
well being for patients [46]. In this context, HRQOL is a key
indicator of how hypertension and its treatment affect a
patient’s life. Understanding the link between medication
adherence and HRQOL may provide opportunities to opti-
mize patient-reported outcomes [42]. In the current study,
low self-report medication adherence was associated with
decline in mental HRQOL over 1 year among older women
and men with established hypertension. K-Wood-MAS-4 is
a simple self-report tool that is practical to administer in
clinical and research settings and may help providers and
researchers to identify older adults with low adherence at
risk for declining HRQOL. Further work is needed to
confirm findings in larger and more diverse populations
and to investigate whether improvements in antihyperten-
sive medication adherence are associated with improve-
ments in HRQOL for older adults with hypertension.
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