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Purpose: Hypertension is a rapidly growing epidemic in People’s Republic of China, yet it
remains inadequately controlled. This study aimed to identify the relative contributions of
program effects and patients’ characteristics to the differences in antihypertensive medication
nonadherence between drug benefit program enrollees and non-enrollees.

Patients and methods: Data were from a cross-sectional survey of 1,969 community-
dwelling elderly adults with hypertension. Self-reported adherence was measured following
previous studies in People’s Republic of China. The Blinder-Oaxaca nonlinear decomposi-
tion method was used to identify the relative contributions of program effects and patients’
individual characteristics.

Results: Eleven percent of the drug benefit program enrollees were nonadherent to their
medication, while 17% of non-enrollees were. Blinder-Oaxaca decomposition identified that
over 60% of the gap between the two groups was due to the program effects (P=0.024). The
rest could be explained by differences in observable characteristics (P<0.001), such as
diabetic status, duration of hypertension, and blood pressure control.

Conclusion: The study confirmed that drug benefit program enrollees were more likely to
be adherent to their antihypertensive medication than non-enrollees in the context of People’s
Republic of China.

Keywords: medication adherence, drug benefit program, decomposition, hypertension

Introduction

Hypertension is a major health problem and significantly contributes to morbidity
and mortality worldwide.! Approximately 45% of Chinese adults aged 35-75 years
have hypertension, only about 7.2% of whom have their blood pressure controlled.
Nonadherence to antihypertensive medication regimen has long been recognized as
with
hypertension.” The cost of medications, among other reasons, was one of the

a substantial roadblock to achieving better outcomes for patients
well-documented reasons that patients missed their doses either intentionally or
unintentionally.* To address this cost-related poor adherence issue, People’s
Republic of China has piloted drug benefit programs to reduce the out-of-pocket
costs of prescription drugs for eligible patients with chronic diseases at provincial
level in recent years.”’ For example, starting 2015 in Xinjiang Uygur Autonomous
Region, eligible hypertensive enrollees of Urban Employees Basic Medical
Insurance (UEBMI) were provided with drug benefit program coverage for anti-

hypertensive drugs.®'°
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Previous studies in other settings (mostly in the US)
have found that drug benefit program coverage was asso-
ciated with higher medication adherence,'"'* however,
published research on the drug benefit program among
patients with hypertension in the context of People’s
Republic of China, is scarce. To date, most of the drug
benefit programs in People’s Republic of China are in the
early pilot stage of evaluation and adjustment. In order to
improve the efficacy and targeting of those programs,
rigorous quantitative evidence using data from People’s
Republic of China is needed. Specifically, two questions
need to be answered: first, how do you isolate the pro-
gram's effect from differences in patients’ characteristics?
Drug benefit programs select different types of patients, so
to what extent can the observed differences between pro-
gram enrollees and non-enrollees be attributed to the effect
of the program on the one hand and to the fact that patients
in the two groups are systematically different to begin with
on the other hand?'>'® Second, how can the heterogeneity
of program effects be understood? In other words, how can
those patients who are more likely to respond to the
program and achieve higher medication adherence be
identified?

To fill this gap, we used decomposition methodology to
quantify the proportion of each risk factor which contri-
butes to the differences in observed medication nonadher-
ence according to drug benefit program enrollment status.
Specifically, we had two objectives: first, to identify the
relative contributions of program effects and patients’
individual characteristics. Second, to determine the those
patients who would benefit better than others when cov-
ered by the same drug benefit program.

Materials and methods

Setting and study design

Since January 2015, UEBMI piloted a drug benefit pro-
gram which provided eligible enrollees (with hyperten-
sion) with a 60%—-80% reimbursement of medication cost
with a deductible of 100 RMB (or US$15) and a limit of
1,500-2,000 RMB (or US$225-300) per year. A cross-
sectional survey on medication adherence was performed
from April to August 2016. The questionnaire included
demographic characteristics, health conditions, access to
care, drug benefit program coverage, and household
income. In addition, medication adherence and blood pres-
sure were measured. The study was approved by the Ethics
Committee of the Shihezi University. During the survey

period, investigators read and explained the informed con-
sent, and all patients gave written informed consent
(signed or fingerprinted if illiterate) before the question-
naire began. The data collected in the survey were then
merged with insurance claims data to identify the drug
benefit program enrollment status.

Study subjects

Participants were enrolled using the following criteria:
individuals who: 1) were diagnosed with hypertension by
clinical doctors with systolic blood pressure >140 mmHg
and/or diastolic blood pressure >90 mmHg; 2) were man-
aged by local community during the survey period; and 3)
were taking at least one antihypertensive medication dur-
ing the survey period.

The exclusion criteria were as follows: patients who: 1)
had communication difficulties such as visual impairment
and poor hearing; 2) exhibited severe cognitive impairment
or had been diagnosed with dementia and mental disorder;
3) were too sick to participate in this study; and 4) were
uncooperative.

For each respondent, blood pressure was measured
with a sphygmomanometer three times at 45-second inter-
vals 5-10 minutes after the completion of the question-
naire. Our final sample included 1,969 elderly adults with
hypertension of whom 29.8% (n=586) were enrolled in
drug benefit program.

Outcome measures and covariates

The outcome variable for this study was antihypertensive
medication adherence, measured by a four-item interview
instrument. This four-item interview instrument was based
on previous studies conducted in a Chinese setting.'®*
Specifically, patients were asked: 1) can you take your
antihypertensive medication every day based on the
required frequency of your prescription? 2) Can you take
your antihypertensive medication every day based on the
required timing of your prescription? 3) Can you take your
antihypertensive medication every day based on the
required dose of your prescription? 4) Do you continu-
ously take your antihypertensive medication? The first
three questions were coded with 4-scale answers: 1)
never complete, 2) sometimes complete, 3) usually com-
plete, and 4) always complete. The last question was
coded with different 4-scale answers: 1) discontinued the
medication, 2) took the medications intermittently, 3) took
the medications continuously but below the prescribed
dose, and 4) took the medications continuously without
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interruption. The participants who chose either the third or
the fourth options as answers to all four questions were
identified as adherent; those who did not were considered
as nonadherent. A binary variable of medication nonad-
herence was used in data analysis.

Following Andersen’s behavioral model of health ser-
vice use, the present study included covariates from the
three dimensions: predisposing, enabling, and need-related
factors.>'** Predisposing factors described the propensity
of individuals to use services, including gender, age, and
education level. Enabling factors described the means and
access that individuals have available to them for the use of
services. Variables of annual household income, urban resi-
dence, and frequency of clinic check-ups were included.
Frequency of clinic check-ups was measured as a polyto-
mous variable indicating how many times the individuals
visited a clinic to monitor their health conditions over the
past 12 months. Need factors reflected the most immediate
cause for health services use, including diabetic status,
duration of hypertension, and control of blood pressure.
Diabetic status reflected the comorbid condition if a respon-
dent had diabetes mellitus. Blood pressure control was
defined as systolic blood pressure <140 mmHg and diastolic
blood pressure <90 mmHg.

Statistical analysis

Group differences between enrollees and non-enrollees
were examined by chi-squared test and the Mann—
Whitney U test. Multiple logistic regression analysis was
performed with medication nonadherence as the dependent
variable for samples of enrollees and non-enrollees
separately.

Due to the binary nature of our outcome variable, an
extension of Blinder-Oaxaca decomposition method for
nonlinear model was used to explain the disparities in
medication nonadherence between enrollees and non-
enrollees. The Blinder-Oaxaca decomposition method
was originally developed to explain wage gaps between
whites and blacks and between men and women since the
seminal work of Oaxaca and Blinder in the early
1970s.22* The following equation described how the
Blinder-Oaxaca decomposition method disentangled and
quantified the nonadherence gap between enrollees and
non-enrollees into two parts:

E(Py — Pe) = (E[Zn] — E[Zc])B. + E[Z:] (B, — f) (1)

Where n represented non-enrollees and e represented
enrollees; Z represented all the observed characteristics

that appeared in our study; B represented the estimated
coefficients. The first term in Equation (1) corresponded to
the proportion of the gap in outcomes between two groups
that were accounted for by group differences in the dis-
tribution of observable characteristics (the explained com-
ponent in decomposition literature) — in our case, the part
caused by differences in patients' characteristics. The sec-
ond term corresponded to the proportion of the gap in
outcomes between two groups that were accounted for
by differences in the effects of these characteristics (the
unexplained component in decomposition literature) — in
our case, the part caused by differences in program effects.

The “overall” explained and unexplained components
could be further broken down into individual terms
because of particular covariates which we described in
the previous section as “detailed” explained and unex-
plained decomposition components. All analyses were
conducted using Stata 14.0 (Yun et al's work contains
details of running the nonlinear Blinder-Oaxaca decompo-
sition package).?

Results

Characteristics of study population

Table 1 provides descriptive statistics for all subjects as
well as a comparison of all covariates between enrollment
status. An amount of 10.6% of the program enrollees were
not adherent to their antihypertensive medication, whereas
16.6% of non-enrollees were (P=0.001). Statistically sig-
nificant differences were found in the level of all covari-
ates, except for urbanity (P=0.853) and blood pressure
control (P=0.106). Compared to non-enrollees, drug ben-
efit program enrollees comprised less females (54.3% vs
62.4%), were older (72.8 vs 72.0), less illiterate (32.3% vs
41.1%), and more likely to live in higher income families
(43.5% vs 29.9%). They were also more likely to have
clinic check-ups (86.0% vs 77.5%), comorbidity of dia-
betes (35.3% vs 29.5%), and duration of hypertension over
10 years (73.5% vs 55.8%).

Determinants of nonadherence by

enrollment status

Figure 1 plots the OR of the multiple logistic regression of
medication nonadherence on to predisposing factors,
enabling factors, and need covariates for enrollees and
non-enrollees separately (details are shown in Table S1).
None of the three predisposing factors including gender,
age, and education was significantly associated with
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Table | Characteristics of study population®

Variables Total Enrollees Non-enrollees P
(n=1,969) (n=586) (n=1,383)
Medication adherence 0.001
No 291 (14.8%) 62 (10.6%) 229 (16.6%)

Predisposing factors

Gender 0.001
Female 1181 (60.0%) | 318 (54.3%) 863 (62.4%)
Age® 72.26 (7.69) 72.80 (7.05) 72.04 (7.94) 0.021
Education 0.001
llliterate 757 (38.4%) 189 (32.3%) 568 (41.1%)
Primary school 644 (32.7%) 206 (35.2%) 438 (31.7%)
Middle school or above 568 (28.8%) 191 (32.6%) 377 (27.3%)

Enabling factors

Annual household income (yuan) <0.001
<48,000 618 (31.4%) 131 (22.4%) 487 (35.2%)
48,000-68,400 682 (34.6%) 200 (34.1%) 482 (34.9%)
268,400 669 (34.0%) 255 (43.5%) 414 (29.9%)

Urbanity 0.853
Urban 599 (30.4%) 180 (30.7%) 419 (30.3%)

Frequency of clinic check-ups (times over the past 12 months) <0.001
0 393 (20.0%) 82 (14.0%) 311 (22.5%)
1-2 557 (28.3%) 158 (27.0%) 399 (28.9%)
23 1019 (51.8%) | 346 (59.0%) 673 (48.7%)

Need

Diabetic status 0.011
Yes 615 (31.2%) 207 (35.3%) 408 (29.5%)

Duration of hypertension (years) <0.001
-5 305 (15.5%) 44 (7.5%) 261 (18.9%)
5-10 461 (23.4%) 111 (18.9%) 350 (25.3%)
210 1203 (61.1%) | 431 (73.5%) 772 (55.8%)

Blood pressure control 0.106
Controlled 786 (39.9%) 250 (42.7%) 536 (38.8%)

Notes: *Unless indicated, numbers presented are n, %. ®Numbers presented are mean, SD.

medication nonadherence in both groups. More than three  nonadherence, and with a negative sign in both groups.
times, clinic check-up visits was the only enabling variable  For the need factors, controlling blood pressure had a
that was significantly associated with medication significant negative relationship with medication
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Figure | OR for medication nonadherence by drug benefit program enrollment status.
Notes: The x-axis refers to magnitude of the OR. Black horizontal lines reflect 95% Cls.

nonadherence in both groups. Having diabetes and longer
duration of hypertension were only significantly and nega-
tively associated with medication nonadherence in the
non-enrolled group.

Decomposing nonadherence gap between

enrolled and non-enrolled groups

Table 2 presents the decomposition results for difference
in medication nonadherence between enrollees and non-
enrollees, using enrollees as the reference group. The
probability of medication nonadherence for non-enrollees
was 0.17, and 0.11 for program enrollees. The 6 percen-
tage points gap between the two groups was largely due to
the program effects (the unexplained component: 3.7 per-
centage points or 60.9% in relative terms; P=0.024).
Detailed decomposition analysis of the unexplained com-
ponent (details are shown in Table S2) showed that the
patients who had more clinic check-ups over the past 12
months (P=0.038), or those with controlled blood pressure
(P=0.005) had lower medication nonadherence in the
enrollees group compared with similar patients in the
non-enrollees group (Figure 2). In other words, program

effects were positively associated with clinic check-ups
and blood pressure control. We also found that program
effects were negatively associated with having diabetes
and longer duration of hypertension, although not statisti-
cally significant.

Differences in the levels of observable patient charac-
teristics (or the explained component) accounted for 2.3
percentage points or 39.1% in relative terms (P<0.001) of
the overall gap. Detailed decomposition analysis of the
explained component (details are shown in Table S3)
found that the differences in the level of need factors
explained the greatest portion of the gap, accounting for
35.1%. Duration of hypertension was the most powerful
explanatory variable in the model, increasing the gap by
almost 32.1% (P<0.001), diabetic status increased the gap
by 7.2% (P=0.001) (Figure 3).

Discussion

WHO listed nonadherence to medication as a “worldwide
problem of striking magnitude”.® This problem is parti-
cularly relevant for the treatment of chronic diseases such
as hypertension: on the one hand, missing doses more
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Table 2 Blinder-Oaxaca nonlinear decomposition of the differences in medication nonadherence between drug benefit program

enrollees and non-enrollees

Non- Enrollees | Difference Difference attributed to dif- | Difference attributed to dif-
enrollees (non-enrol- ferences in program effect ferences in observed char-
lees — (unexplained component) acteristics (explained
enrollees) component)
Probability of nonadherence 0.17 0.11 0.06 0.037 0.023
P-value — — <0.001 0.024 <0.001
% of contribution — — — 60.90% 39.10%

likely results in salient health and economic consequences
in the longer term instead of short term; on the other hand,
compliance to medications means costs to the patients and
families on a daily basis.**” In our study, drug benefit
program coverage that reduced the out-of-pocket expenses
of hypertensive patients was associated with better media-
tion compliance: non-enrollees were more than one and a
half times likely to report medication nonadherence than
enrollees of such program. The non-enrollees were more
likely to be female, illiterate, living in lower income
families, have shorter duration of hypertension, and less
likely to have clinic check-ups, with comorbidity of dia-
betes, compared to their counterparts in the enrolled group.
This systematic difference in distribution of characteristics
revealed in descriptive analysis was consistent with the
findings in other settings that drug benefit programs
selected in different types of patients.*®* It would be
reasonable to expect that some of these group differences
might explain the drug benefit program non-enrollees’
higher rates of medication nonadherence. Therefore, rig-
orous quantitative investigation of the role of drug benefit
program needed to take into account the relative contribu-
tion of the group differences in patients’ characteristics in
order to isolate the program effects.

The decomposition analysis suggested that not only
were drug benefit program enrollees different from non-
enrollees — in other words, program selected in patients
with different characteristics — but the program coverage
itself might have an impact on medication adherence out-
comes. Only about 40% of the gap in medication nonadher-
ence between enrollees and non-enrollees can be explained
by difference in the levels of observable characteristics (or
the explained component). We found that need factors con-
tributed to the major difference in medication nonadherence
rather than predisposing factors and enabling factors. The
findings of the contribution of the duration of hypertension
and comorbidity of diabetes on medication nonadherence

differences in the present study paralleled that of previous
studies of medication nonadherence in the US Medicare
population.'®!” The majority of the gap (60%) in medica-
tion nonadherence between enrollees and non-enrollees,
however, was attributed to the program effect (or the unex-
plained component). Previous studies suggested the remain-
ing unexplained component might be caused by the fact that
program coverage changes medication taking behaviors as
well as the behaviors of physicians. For example, lower out-
of-pocket medication spending might make patients more

likely to take dmgs,15,30—32

and physicians might prescribe
different types of antihypertension medications to program
enrollees.'®**** However, our decomposition analysis
could not help to explain whether it was those other factors
that caused the medication nonadherence gap.

Previous studies about the role of drug benefit programs
on medication adherence mostly used claims data in the US
setting and applied standard regression analysis.**%° Hence,
it was difficult to compare our findings. Nevertheless, our
decomposition analysis improved the existing work from
methodological and policy perspectives: first, Blinder-
Oaxaca decomposition is an established methodology for
investigating differences between groups, originally in the
field of social-economic inequalities.*® In the field of public
health, decomposition analysis has been applied to study the
disparities in health outcomes and health service utilizations
according to race and other important social-economic
variables.>” >’ Very few studies have applied the decomposi-
tion method to investigate the effect of a program or treat-
ment. One recent work using clinical data to decompose the
source of differences in outcome between two type-2 dia-
betes therapies was a welcome exception.*” To our knowl-
edge, our study was the first to apply decomposition analysis
to investigate the effect of a drug benefit program on medica-
tion adherence among elderly patients with hypertension in
People’s Republic of China. Second, the decomposition
analysis allowed us to quantify the proportion that each
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Figure 2 Contribution of drug benefit program effects to antihypertensive medication nonadherence.
Notes: Other observed characteristics adjusted for in the decomposition analysis were gender, age, education, annual household income, urbanity, other frequency of clinic
check-ups, and other duration of hypertension.
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Positive value = great increase in medication nonadherence when non-enrollees compared with enrollees.
Negative value = great increase in medication nonadherence when enrollees compared with non-enrollees.

Figure 3 Contribution of observable characteristics to antihypertensive medication nonadherence.
Notes: Other observed characteristics adjusted for in the decomposition analysis were gender, age, education, annual household income, urbanity, other frequency of clinic

check-ups, and other duration of hypertension.

covariate contributed to the differences in medication non-
adherence by drug benefit program coverage. In particular,
we were able to not only isolate the proportion of patient
characteristics and program effect which contributed to the
medication nonadherence gaps, but also the specific covari-
ables that might be associated with higher program benefits if
coverage was provided. Hence, our results were useful to
shed some light on improving the efficacies and targeting of
drug benefit programs.

Our study has several limitations. First, the observa-
tional nature of our study limited the interpretation of our
findings to causal inference. We did not attempt to account
for selection into the drug benefit program, which was by
all means not random. There are a number of reasons why
patients might choose to enroll in the program if eligible,
and those same reasons might also influence their deci-
sions to use medications. In previous studies of non-ran-
dom assignment of program enrollment, instrumental
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variables (IV) method was used to account for endogeneity
issue.*! Future studies should consider applying IV to
provide a better insight into causal inference of the pro-
gram effect. Second, similar to standard regression analy-
sis, the decomposition method had to concern about
omitted variables. Although we have controlled a series
of predisposing, enabling, and need factors that should
predict medication adherence, it was possible that some
potentially important confounding factors — for example,
physician behaviors — were not included due to data lim-
itations. In fact, our decomposition results showed the
unexplained component absorbed more than half of the
total disparity in medication nonadherence. In the decom-
position analysis, we followed the decomposition literature
and interpreted the contribution of those additional unob-
served variables to the total gap as the program effect (or
unexplained component). However, if those variables were
measured and included in the model, less of the total gap
would be left as unexplained and therefore we might have
a smaller program effect. Finally, our sample population in
Xinjiang Uygur Autonomous Region might differ from
other parts of People’s Republic of China, which might
limit the generalization of our results. Although, the sam-
ple in our study was from northern Han majority area,
where the demographic characteristics are similar to the

average People’s Republic of China.***?

Conclusion

In summary, our study confirmed that drug benefit pro-
gram enrollees were more likely to be adherent to their
The
decomposition analysis results showed that the drug ben-

antihypertensive medication than non-enrollees.

efit program accounted for most of the disparity in med-
ication nonadherence. In view of the growing epidemic of
hypertension and rapid pace of population aging in
People’s Republic of China, we believ our findings shed
light on designing polices for hypertensive patients and
therefore achieving optimal hypertension management.
Future research should include important factors such as
medication taking or physician behavioral differences.
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Supplemenatary materials

Table S| Logistic regression analysis between drug benefit program enrollees and non-enrollees

Enrollees Non-enrollees
OR value 95% CI OR value 95% CI
Predisposing factors
Gender (reference: male)
Female 0.937 0.523,1.678 0917 0.665,1.266
Age 0.978 0.940,1.018 0.999 0.981,1.019
Education (reference: illiterate)
Primary school 1.110 0.566,2.178 1.088 0.759,1.560
Middle school or above 0.972 0.456,2.071 1.272 0.846,1.914
Enabling factors
Annual household income (reference: <48,000)
48,000-68,400 0.782 0.383,1.595 0.697 0.482,1.006
268,400 0.887 0.442,1.781 1.078 0.751,1.547
Urbanity (reference: rural)
Urban 0.981 0.507,1.896 0.786 0.552,1.118
Frequency of clinic check-ups (reference: 0)
1-2 0.497 0.233,1.060 1.013 0.690,1.487
>3 0.285 0.141,0.576 0.608 0.421,0.877
Need
Diabetic status (reference: no) 0.783 0.430,1.425 0.585 0.411,0.832
Yes
Duration of hypertension (reference: |-5)
5-10 0.965 0.332,2.803 0.610 0.409,0.911
210 0.714 0.270,1.885 0.454 0.315,0.655
Blood pressure control
(reference: uncontrolled)
Controlled 0.317 0.167,0.600 0.714 0.524,0.972
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Table S2 Contribution of drug benefit program effect to the differences in medication nonadherence between drug benefit program
enrollees and non-enrollees

Coefficient P 95% CI % of contribution
Predisposing factors
Gender (reference: male)
Female —0.001 0.952 —0.030,0.028 —1.51%
Age 0.128 0.334 —0.131,0.387 213.92%
Education (reference: illiterate)
Primary school —0.001 0.960 —0.022,0.021 —0.94%
Middle school or above 0.007 0.545 —0.015,0.030 11.89%
Enabling factors
Annual household income (reference: <48,000)
48,000-68,400 —0.003 0.779 —0.026,0.019 —5.35%
268,400 0.007 0.629 —0.021,0.035 11.49%
Urbanity (reference: rural)
Urban —0.006 0.566 —0.024,0.013 -9.23%
Frequency of clinic check-ups (reference: 0)
1-2 0.016 0.104 —0.003,0.034 25.98%
23 0.036 0.038 0.002,0.070 60.55%
Need
Diabetic status (reference: no)
Yes —0.008 0.432 0.029,0.012 —13.98%
Duration of hypertension (reference: 1-5)
5-10 —0.007 0.436 —0.025,0.011 —11.76%
210 —0.026 0.406 —0.090,0.037 —45.01%
Blood pressure control (reference: uncontrolled)
Controlled 0.028 0.005 0.008, 0.048 46.93%
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Table S3 Contribution of observed characteristics to the differences in medication nonadherence between drug benefit program
enrollees and non-enrollees

Coefficient P 95% CI % of contribution
Predisposing factors
Gender (reference: male)
Female —0.001 0.603 —0.005,0.003 -1.61%
Age 0.000 0.992 —0.002,0.002 0.17%
Education (reference: illiterate)
Primary school —0.000 0.647 —0.002,0.001 —0.68%
Middle school or above -0.002 0.252 —0.005,0.001 -2.95%
Enabling factors
Annual household income
(reference: <48,000)
48,000-68,400 —0.000 0.057 —0.001,0.000 —0.60%
268,400 —0.001 0.684 —0.008,0.005 —2.35%
Urbanity (reference: rural)
Urban 0.000 0.184 —0.000,0.000 0.23%
Frequency of clinic check-ups (reference: 0)
1-2 0.000 0.948 —0.001,0.001 0.06%
23 0.007 0.009 0.002,0.012 11.86%
Need
Diabetic status (reference: no)
Yes 0.004 0.001 0.002,0.007 7.18%
Duration of hypertension (reference: 1-5)
5-10 —0.004 0.022 —0.008,-0.001 —7.22%
210 0.019 <0.001 0.010,0.029 32.13%
Blood pressure control (reference: uncontrolled)
Controlled 0.002 0.034 0.000, 0.003 3.02%
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