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Abstract

Nonadherence to antihypertensive drugs is a primary reason for suboptimal clinical outcomes among hypertensive patients.
We assessed adherence to newly initiated antihypertensive medications in non-elderly Japanese patients and examined which
patient and facility characteristics were associated with low adherence. We selected new oral antihypertensive drug users,
aged 30-74 years, between 2014 and 2016 from a large administrative claims database. We measured adherence as the
proportion of days covered (PDC) during a 1-year follow-up and divided patients into three groups of low (PDC <40%),
intermediate (PDC > 40% to <80%), and high (PDC > 80%) adherence. Factors associated with low adherence were assessed
by logistic regression analysis with generalized estimating equations. Among 31,592 patients (mean age, 51.7 years; 41.2%
female), the median 1-year PDC was 88.5% (IQR: 41.9-98.1%). In total, 59.2%, 16.6%, and 24.2% of patients were
categorized as having high, intermediate, and low adherence, respectively. Female sex (odds ratio [OR] 1.15, 95%
confidential interval [95% CI] 1.08-1.22), younger age, and the initiation of angiotensin-converting enzyme inhibitors (OR
1.37,95% CI 1.12—-1.66), beta-blockers and thiazide diuretics (OR 4.82, 95% CI 4.34-5.36 and OR 3.91, 95% CI 2.79-5.46,
respectively; compared with angiotensin II receptor blockers) were associated with low adherence. Patients initiating
antihypertensives at larger hospitals (2200 beds) were more likely to be adherent. While adherence to antihypertensive drugs
in non-elderly Japanese patients was relatively high compared with that reported in previous studies in Western countries,
patients with intermediate-low adherence may benefit from targeted interventions.
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Introduction hypertension improves the clinical outcomes [1] and that

better adherence to antihypertensive drugs is a key factor in

Hypertension is a common chronic disease and is asso-
ciated with major cardiovascular disease (CVD) and mor-
tality [1]. Previous studies have shown that better control of
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its successful treatment, resulting in lower CVD mortality
[2-6]. Nonadherence to prescribed drugs is one of the
primary reasons for suboptimal clinical outcomes in these
patients [7-9]. The identification of the predictors of non-
adherence is important in the development of interventions
to improve adherence because it will allow interventions
to be targeted at patients at high risk of nonadherence.
In previous studies, various factors have been associated
with patient adherence, including patient demographics,
chronic conditions, drug type, social issues, and healthcare
systems [10-12].

Although hypertension is a common disease in Japan,
with an estimated 43 million affected individuals in 2010
[13], few studies have reported adherence to anti-
hypertensive drugs, especially on a nationwide level. There
are many reports on adherence to antihypertensive drugs
from different regions of Europe [14-16], North America
[17-19], and Asia [20, 21], and adherence was shown to
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vary widely across countries. Therefore, a study of the
adherence pattern in Japan and how the predictors of
adherence compare with those from other countries is
required. We thus sought to assess the adherence pattern of
new users of antihypertensive drugs in a large Japanese
administrative database and to evaluate whether patient and
facility characteristics were associated with low adherence.

Methods
Data source

In this study, we used the administrative claims database of
JMDC Inc., Japan. This database collects data from health
insurance societies whose enrollees are employees of major
corporations throughout Japan and their family members
[22]. This database does not include people aged >75 years
because their health insurance is covered by a public
insurance system for older people. The database contains
inpatient and outpatient claims data (for diagnoses, proce-
dures, and prescriptions), demographic data, laboratory and
measurement data from health check-ups, and facility
information. The diagnostic information is coded according
to the International Classification of Disease (ICD), 10th
version, and the details of the prescribed drugs are coded
according to the Anatomical Therapeutic Chemical (ATC)
Classification System. The study was approved by the
Institutional Review Board of the University of Tokyo,
Tokyo, Japan.

Study cohort

Using the database, we identified new users of oral anti-
hypertensive drugs aged >30 years who initiated mono-
therapy or combination therapy (i.e., treatment with two
drugs) between January 2014 and June 2016 (Fig. 1). The
target oral antihypertensive drugs included angiotensin II
receptor blockers (ARBs; ATC codes: C09, C10BXO03),
angiotensin-converting enzyme inhibitors (ACEIs; ATC
code: C09), beta-blockers (BBs; ATC code: C07, excluding
metoprolol [CO7AS02]), calcium channel blockers (CCBs;
ATC code: CO08, excluding selective calcium channel
blockers with direct cardiac effects [CO8D] and phenylalk-
ylamine derivatives [CO8EA]), and thiazides (ATC code:
C03A).

We defined the date of the first antihypertensive pre-
scription on record for each patient as the index date and the
previous 365 days as the baseline period. We defined new
users as patients who were newly prescribed an anti-
hypertensive drug without a prescription for any other
antihypertensive drug in the preceding 365 days, excluding
any patients who were not enrolled in the for 2365 days
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Patients aged = 30 years, prescribed
an antihypertensive drug after
January 2014 and no claims for

antihypertensive drugs
during the baseline period
77 155

= 365 days continuous enrollment
after the index date
48,121

Outpatient claim for
first antihypertensive drug
42,751

Prescribed oral drug as monotherapy
or combination therapy
at the index date

Excluded patients
— 8,098 patients with > 1
record of heart failure or

N.119 ischemic heart disease
L and
1,009 patients prescribed
Study cohort only one dose of
31 592 medication

Fig. 1 Flowchart of patient selection

before and 2365 days after the index date. We also excluded
patients who were prescribed only a single dosage (e.g., one
tablet) of an antihypertensive drug on the index date,
assuming that these were prescribed to treat transient con-
ditions and were not intended for long-term use. In addition,
we excluded patients with a recorded diagnosis of angina
pectoris (ICD10 code: 120), myocardial infarction (ICD10
codes: 121-123), ischemic heart disease (ICD10 codes: 124,
125), or heart failure (ICD10 code: 150) during the baseline
period to generate a cohort of patients who were prescribed
antihypertensive drugs for primary prevention of cardio-
vascular events rather than for secondary prevention.

Medication adherence

Adherence to antihypertensive medication was measured as
the proportion of days covered (PDC), which is an interval-
based measurement widely used among researchers to
evaluate adherence based on administrative claims data-
bases [23]. The PDC was calculated as the number of days
covered by the prescription divided by the duration of
follow-up [23]. We measured adherence for 365 days after
the index date. If the drug class was switched between
different antihypertensives or if there was an additional
antihypertensive prescription, we counted the days covered
by the drugs without duplication. We categorized the
patients into three adherence groups based on their PDC as
low adherence (<40%), intermediate adherence (>40% to
<80%), and high adherence (280%), considering the cate-
gories used in prior studies [2, 3, 14, 20, 24-26].
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Baseline characteristics

We extracted information on the patients’ ages and sex from
the database. The patient characteristics, including their
medication use, previous diagnoses, and comorbidities,
were defined using the claims recorded during the baseline
period. Information on the facility that prescribed the initial
antihypertensive medication was also extracted from the
database.

The baseline medications included antidiabetic drugs
(ATC code: A10), anxiolytics or hypnotic sedatives (ATC
codes: NO5B, NO5C), H2 blockers (ATC code: A0O2BA),
lipid-modifying agents (ATC code: C10), nonsteroidal
anti-inflammatory drugs (NSAIDs; ATC code: MO1A),
and selective serotonin reuptake inhibitors (SSRIs)/
serotonin and norepinephrine reuptake inhibitors (SNRIs)
(ATC codes: NO6AB, NO6AX) because these are
chronically or frequently used by some antihypertensive
users (Supplementary table) [25]. Comorbidities included
cancer (a history of inpatient care and ICD10 codes:
C00-D48), cerebrovascular disease (a history of inpatient
care and ICD10 codes: G45, 160-169), chronic renal
failure (ICD10 code: N18), chronic respiratory disease
(ICD10 codes: J42-J45), hyperuricemia or gout (ICD10
codes: E790, M10), liver disease (ICD10 codes:
K72-K75), obesity (ICD10 code: E66), and peripheral
vascular disease (ICD10 code: 173). We did not include
a diagnosis of diabetes mellitus, hyperlipidemia, or
depression in the baseline comorbidities because pre-
scriptions for these diseases were more specific. We
defined patients with no record of the comorbidities or
chronic conditions listed above and no drug record for
diabetes or hyperlipidemia during the baseline period as
‘absent of comorbid conditions.” We also assessed three
surrogate measures of the patients’ overall health status: a
history of hospitalization, defined as the presence of at
least one inpatient claim; the number of drugs dispensed
during the baseline period; and the number of con-
currently prescribed drugs on the index date [25]. Finally,
we categorized the facilities prescribing the initial anti-
hypertensive drugs based on their number of beds: 0-19,
20-199 and 2200. Facilities having 0-19 beds were
defined as clinics, and the others were defined as hospitals
based on the classification by the medical care law.

Statistical analysis

We first tabulated the characteristics of the patients in the
whole cohort and evaluated the distribution of the PDC
measurements. We also tabulated and compared the patient
characteristics according to the PDC adherence groups
using Pearson’s y* test for categorical variables and an
analysis of variance for continuous variables.

We then evaluated the associations between the baseline
characteristics, including first-line medications and classi-
fication in the low adherence group (defined as a PDC <
40%), by building univariable and multivariable logistic
regression models. In the multivariable model, we included
all of the variables described above. Generalized estimating
equations (GEEs) were used to estimate the standard errors
considering the possibility of correlations among patients
treated at the same facility [27]. All statistical tests were two
sided, and p<0.05 was regarded as indicating statistical
significance. All analyses were performed with SAS 9.4
(SAS Institute, Cary, NC).

Results

Participant characteristics and adherence to
antihypertensive medication

We identified 31,592 new users of antihypertensive therapy
between January 2014 and June 2016. In the overall cohort,
the mean PDC and its standard deviation (SD) were 70.2%
and 34.6%, respectively, with a median of 88.5% and 25th
and 75th percentiles of 41.9% and 98.1%, respectively
(Fig. 2). The mean (SD) age of the analysis cohort was 51.7
(8.6) years (Table 1). In general, the prevalence of comor-
bidities was low, and the most frequent comorbidities were
hyperuricemia or gout (13.5%) and chronic respiratory
disease (10.9%). No comorbid conditions were diagnosed
during the baseline period in 55.2% of patients. NSAIDs
(37.8%), lipid-modifying agents (18.0%), and anxiolytics or
hypnotic sedatives (14.3%) were frequently prescribed to
the patients. Antihypertensives were predominantly pre-
scribed as a single drug (95.4%), with CCBs (43.7%) and
ARBs (42.1%) being the most frequently prescribed drugs,
followed by BBs (7.0%), ACEIs (2.1%), and thiazides
(0.5%). A few patients were prescribed combination thera-
pies as their initial treatment (4.6%). For the vast majority
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Fig. 2 Distribution of the PDC during the 365-day follow-up period

SPRINGER NATURE



708

S. Nishimura et al.

Table 1 Baseline characteristics of patients initiating antihypertensive
treatment in 2014-2016 in the JMDC database

Characteristics All, N (%) 31,592 (100.0)
Sex, N (%)
Female 13,003 (41.2)
Male 18,589 (58.8)
Age years, mean (SD) 51.7 (8.6)
Age group, N (%)
30-49 12,677 (40.1)
50-59 12,943 (41.0)
60-74 5972 (18.9)
First prescription, N (%)
Monotherapy
ACEI 661 2.1)
ARB 13,289 (42.1)
BB 2211 (7.0)
CCB 13,808 (43.7)
Thiazides 169 (0.5)
Combination therapy 1454  (4.6)
Comorbid condition 17,446 (55.2)
absence, N (%)
Baseline comorbidities, N (%)
Cancer 508 (1.6)
Cerebrovascular disease 173 (0.5)
Chronic renal failure 231 0.7)
Chronic respiratory 3452 (10.9)
disease
Hyperuricemia/gout 4250  (13.5)
Liver disease 1494 4.7)
Obesity 324 (1.0)
Peripheral vascular 245 (0.8)
disease
Baseline medications, N (%)
Antidiabetics 2571 8.1)
Anxiolytics/hypnotic 4532 (14.3)
sedatives
H2 blockers 2597  (8.2)
Lipid-modifying agents 5687 (18.0)
NSAID 11,949 (37.8)
SSRI/SNRI 1028  (3.3)
Hospitalization 1717 (5.4)
(baseline period), N (%)
Number of times drugs were dispensed, N (%)
0 7610  (24.1)
1-6 14,856 (47.0)
>7 9126  (28.9)
Number of concurrently prescribed drugs on the
index date, N (%)
0 16,798 (53.2)
12 10,044 (31.8)
>3 4750  (15.0)
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Table 1 (continued)

Characteristics All, N (%) 31,592 (100.0)

Types of medical institutions/number of beds, N (%)

Clinic
0-19 25,171 (79.7)
Hospital
20-199 2885  (9.1)
>200 3536 (11.2)

SD standard deviation, ACEI, angiotensin-converting enzyme inhibi-
tors; ARB, angiotensin II receptor blockers, BB beta-blockers, CCB
calcium channel blockers, H2 histamine 2 receptor, NSAID nonster-
oidal anti-inflammatory drugs, SSRI selective serotonin reuptake
inhibitors, SNRI serotonin and norepinephrine reuptake inhibitors

of the patients (79.7%), these medications were prescribed
by clinics rather than by hospitals.

Factors associated with medication adherence

Table 2 shows the patient characteristics according to their
adherence level. During the follow-up period of 365 days,
18,701 (59.2%), 5240 (16.6%), and 7651 (24.2%) patients
were categorized as showing high adherence (PDC 2 80%),
intermediate adherence (PDC >40-80%), or low adherence
(PDC < 40%), respectively. Older patients were more likely
to be adherent than younger patients, and females were less
likely to be adherent than males. Patients who initiated
combination therapy, ARB monotherapy, or CCB mono-
therapy were most likely to be adherent, whereas those who
initiated BBs or thiazides tended to show low adherence
during the follow-up period. Patients with hyperuricemia or
gout, those prescribed antidiabetic drugs or lipid-modifying
agents, and those attending a hospital were most likely to be
adherent.

The univariable logistic regression analysis showed that
most of the factors were significantly associated with low
adherence, except for baseline comorbidities, the number of
concurrently prescribed drugs and types of medical institu-
tions. After adjustment for other factors using multivariable
logistic regression analysis, the predictors associated with low
adherence were indicated. Female sex (odds ratio [OR] 1.15,
95% confidence interval [CI] 1.08-1.22), a history of liver
disease (OR 1.19, 95% CI 1.09-1.29), a history of peripheral
vascular disease (OR 1.38, 95% CI 1.03-1.85), the absence of
a chronic condition during the baseline period (OR 1.13, 95%
CI 1.03-1.25), the use of anxiolytics or hypnotic sedatives
(OR 1.23, 95% CI 1.13-1.34), the use of NSAIDs (OR 1.28,
95% CI 1.20-1.36), the prescription of multiple concurrent
drugs on the index date (1-2 drugs: OR 1.29, 95% CI
1.20-1.38; 23 drugs: OR 1.33, 95% CI 1.21-1.45; compared
with no prescriptions of concurrent drugs) and a history of
hospitalization during the baseline period (OR 1.28, 95% CI
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Table 2 Characteristics of 31,592 patients newly initiating antihypertensive drugs according to PDC adherence category
Characteristics PDC category P
<40% 40-79% >80%
(Low adherence) (Intermediate adherence) (High adherence)
All, N (%) 7651 (24.2) 5240 (16.6) 18,701 (59.2)
Sex, N (%)
Female 3802 (29.2) 1833 (14.1) 7368 (56.7) <0.01
Male 3849 (20.7) 3407 (18.3) 11,333 (61.0)
Age years, mean (SD) 49.5 (9.1) 50.6 (8.4) 52.9 (8.3) <0.01
Age group, N (%)
30-49 3871 (30.5) 2400 (18.9) 6406 (50.5) <0.01
50-59 2691 (20.8) 2057 (15.9) 8195 (63.3)
60-74 1089 (18.2) 783 (13.1) 4100 (68.7)
First prescription, N (%)
Monotherapy
ACEI 167 (25.3) 101 (15.3) 393 (59.5) <0.01
ARB 2760 (20.8) 2248 (16.9) 8281 (62.3)
BB 1344 (60.8) 299 (13.5) 568 (25.7)
CCB 3073 (22.3) 2321 (16.8) 8414 (60.9)
Thiazides 89 (52.7) 23 (13.6) 57 (33.7)
Combination therapy 218 (15.0) 248 (17.1) 988 (68.0)
Comorbid condition absence, N (%) 4682 (26.8) 2834 (16.2) 9930 (56.9) <0.01
Baseline comorbidities, N (%)
Cancer 120 (23.6) 73 (14.4) 315 (62.0) 0.32
Cerebrovascular disease 34 (19.7) 24 (13.9) 115 (66.5) 0.15
Chronic renal failure 50 (21.6) 39 (16.9) 142 (61.5) 0.65
Chronic respiratory disease 898 (26.0) 587 (17.0) 1967 (57.0) 0.01
Hyperuricemia/gout 823 (19.4) 789 (18.6) 2638 (62.1) <0.01
Liver disease 379 (25.4) 251 (16.8) 864 (57.8) 0.50
Obesity 67 (20.7) 63 (19.4) 194 (59.9) 0.19
Peripheral vascular disease 75 (30.6) 38 (15.5) 132 (53.9) 0.06
Baseline medications, N (%)
Antidiabetics 306 (11.9) 390 (15.2) 1875 (72.9) <0.01
Anxiolytics/hypnotic sedatives 1387 (30.6) 694 (15.3) 2451 (54.1) <0.01
H2 blockers 713 (27.5) 407 (15.7) 1477 (56.9) <0.01
Lipid-modifying agents 981 (17.2) 938 (16.5) 3768 (66.3) <0.01
NSAID 3243 (27.1) 2010 (16.8) 6696 (56.0) <0.01
SSRI/SNRI 322 (31.3) 176 (17.1) 530 (51.6) <0.01
Hospitalizations (baseline period), N (%) 461 (26.8) 252 (14.7) 1004 (58.5) 0.01
Number of times drugs were dispensed, N (%) <0.01
0 1810 (23.8) 1270 (16.7) 4530 (59.5)
1-6 3873 (26.1) 2634 (17.7) 8349 (56.2)
>7 1968 (21.6) 1336 (14.6) 5822 (63.8)
Number of concurrently prescribed <0.01
drugs on the index date, N (%)
0 3890 (23.2) 2819 (16.8) 10,089 (60.1)
1-2 2569 (25.6) 1682 (16.7) 5793 (57.7)
>3 1192 (25.1) 739 (15.6) 2819 (59.3)

SPRINGER NATURE



710

S. Nishimura et al.

Table 2 (continued)

Characteristics PDC category P
<40% 40-79% >80%
(Low adherence) (Intermediate adherence) (High adherence)
All, N (%) 7651 (24.2) 5240 (16.6) 18,701 (59.2)
Types of medical institutions/number of beds, N (%) <0.01
Clinic
0-19 6110 (24.3) 4307 (17.1) 14,754 (58.6)
Hospital
20-199 718 (24.9) 428 (14.8) 1739 (60.3)
>200 823 (23.3) 505 (14.3) 2208 (62.4)

Percentages are given for each row

PDC proportion of days covered, SD standard deviation, ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin II receptor blockers,
BB beta-blockers, CCB calcium channel blockers, H2 histamine 2 receptor, NSAID nonsteroidal anti-inflammatory drugs, SSRI selective serotonin
reuptake inhibitors, SNRI serotonin and norepinephrine reuptake inhibitors

1.20-1.36) were significantly associated with low adherence
(Table 3). Patients who initiated BBs (OR 4.82, 95% CI
4.34-5.36), thiazides (OR 3.91, 95% CI 2.79-5.46), or ACEIs
(OR 1.37,95% CI 1.12-1.66) were more likely to display low
adherence than those who initiated ARBs. Patients who
initiated combination therapy had a lower risk of low adher-
ence than those who initiated a single therapy (OR 0.64, 95%
CI 0.54-0.76). Age, the number of drug dispensations during
the baseline period, and the use of antidiabetics were strong
predictors of adherence. Higher age (50-59 years: OR 0.69,
95% CI 0.65-0.73; 60-74 years: OR 0.62, 95% CI 0.57-0.67;
compared with 30-49 years), a history of hyperuricemia or
gout (OR 0.86, 95% CI 0.78-0.94), more frequent drug dis-
pensation (1-6 times: OR 0.90, 95% CI 0.84-0.97; 27 times:
OR 0.59, 95% CI 0.53-0.64; compared with a history of no
drug supply), the use of antidiabetics (OR 0.52, 95% CI
0.45-0.60) and the use of lipid-modifying agents (OR 0.78,
95% CI 0.71-0.85) were associated with a decreased risk
of low adherence. Compared with patients prescribed anti-
hypertensive drugs at a clinic, patients prescribed their drugs
at larger hospitals (>200 beds) had a decreased risk of low
adherence (OR 0.81, 95% CI 0.73-0.89).

Discussion

In this population-based study, we found that 59.2% of new
antihypertensive drug users in Japan displayed high adher-
ence (PDC >80%) during the first 365 days of treatment.
Low adherence was more frequent in females, younger
patients, those with comorbidities, such as liver disease or
peripheral vascular disease, those using anxiolytics and
hypnotic sedatives, those prescribed multiple concurrent
drugs and those who had a history of hospitalization.
Patients who initiated BBs, thiazides, or ACEIs showed

SPRINGER NATURE

lower adherence than those who initiated CCBs or ARBs.
Patients who were prescribed their drugs at small medical
institutions were less likely to be adherent than those who
received their prescriptions at larger hospitals.

A number of prior studies have evaluated adherence to
antihypertensive drugs for the primary prevention of car-
diovascular events. A meta-analysis of 11 studies, including
275,233 patients, reported that 50% of patients were cate-
gorized as adherent to the primary prevention regimen,
although different metrics of adherence were used across
the studies [28]. A study of an Italian population, including
31,306 patients initiating treatment with antihypertensive
drugs, reported an adherence rate of 41.5% during the
median follow-up of 1.9 years (maximum 3.5 years) [2].
Another large-scale study in the United Kingdom, which
included 176,835 patients, found that the adherence rate
was 80% for any antihypertensive drug during the median
follow-up of 5.3 years [29]. A study that included 242,822
patients in the United States reported 1-year adherence rates
of 24.2-38.5% [19]. When the longer follow-up periods and
older age distributions in those studies are considered
[14, 30], the adherence among Japanese non-elderly
patients is relatively high, at least compared with previous
reports from Western countries [19, 28, 31-34].

In a previous study based on a claims database, Wong
et al. [20] reported that low adherence was associated with
younger age, female sex, and a lack of comorbidities. In
contrast, the use of combination therapies, ACEIs, and
ARBs was associated with high adherence. Mazzaglia et al.
[14] found that elderly and female patients were less likely
to show good adherence, although cardiovascular risk fac-
tors were significantly associated with high adherence.
Calderén-Larrafiaga et al. [16] reported that younger age,
female sex, and the presence of a mental comorbidity were
positively associated with low adherence, whereas diabetes
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Table 3 Factors associated with low adherence (PDC <40%) among patients initiating antihypertensive drugs

Variable Unadjusted Adjusted
OR 95% CI p OR 95% CI p
Sex
Female gender 1.30 (1.23-1.38) <0.01 1.15 (1.08-1.22) <0.01
Age group
3049 1.00 Reference 1.00 Reference
50-59 0.61 (0.58-0.65) <0.01 0.69 (0.65-0.73) <0.01
60-74 0.52 (0.48-0.56) <0.01 0.62 (0.57-0.67) <0.01
First prescription
Monotherapy
ARB 1.00 Reference 1.00 Reference
ACEI 1.30 (1.07-1.59) <0.01 1.37 (1.12-1.66) <0.01
BB 5.77 (5.22-6.38) <0.01 4.82 (4.34-5.36) <0.01
CCB 1.10 (1.04-1.16) <0.01 1.04 (0.98-1.11) 0.16
Thiazides 4.18 (3.04-5.76) <0.01 391 (2.79-5.46) <0.01
Combination therapy 0.68 (0.57-0.80) <0.01 0.64 (0.54-0.76) <0.01
Comorbid condition absence 1.27 (1.21-1.34) <0.01 1.13 (1.03-1.25) <0.01
Baseline comorbidities
Cancer 0.98 (0.80-1.20) 0.83 0.92 (0.70-1.19) 0.51
Cerebrovascular disease 0.74 (0.50-1.10) 0.14 0.71 (0.46-1.11) 0.13
Chronic renal failure 0.55 (0.47-0.66) <0.01 0.94 (0.78-1.14) 0.54
Chronic respiratory disease 1.04 (0.96-1.12) 0.32 1.07 (0.98-1.18) 0.14
Hyperuricemia/gout 0.74 (0.69-0.80) <0.01 0.86 (0.78-0.94) <0.01
Liver disease 0.79 (0.60-1.04) 0.30 1.19 (1.09-1.29) <0.01
Obesity 1.34 (1.02-1.77) 0.09 0.86 (0.64-1.15) 0.31
Peripheral vascular disease 1.34 (1.02-1.77) 0.03 1.38 (1.03-1.85) 0.03
Baseline medications
Antidiabetics 0.41 (0.36-0.46) <0.01 0.52 (0.45-0.60) <0.01
Anxiolytics/hypnotic sedatives 1.42 (1.33-1.52) <0.01 1.23 (1.13-1.34) <0.01
H2 blockers 1.18 (1.08-1.29) <0.01 1.09 (0.99-1.20) 0.07
Lipid-modifying agents 0.61 (0.57-0.66) <0.01 0.78 (0.71-0.85) <0.01
NSAID 1.27 (1.20-1.33) <0.01 1.28 (1.20-1.36) <0.01
SSRI/SNRI 1.40 (1.22-1.60) <0.01 1.06 (0.89-1.25) 0.52
Number of times drugs were dispensed
0 1.00 Reference 1.00 Reference
1-6 1.11 (1.04-1.19) <0.01 0.90 (0.84-0.97) <0.01
>7 0.86 (0.80-0.92) <0.01 0.59 (0.53-0.64) <0.01
Number of concurrently prescribed drugs on the index date
0 1.00 Reference 1.00 Reference
1-2 1.12 (1.06-1.19) <0.01 1.29 (1.20-1.38) <0.01
>3 1.09 (1.01-1.17) 0.03 1.33 (1.21-1.45) <0.01
Hospitalization (baseline period) 1.09 (1.02-1.27) 0.02 1.21 (1.05-1.40) 0.01
Types of medical institutions/number of bed
Clinic
0-19 1.00 Reference 1.00 Reference
Hospital
20-199 1.00 (0.90-1.11) 0.98 1.05 (0.95-1.16) 0.35
2200 0.94 (0.85-1.03) 0.16 0.81 (0.73-0.89) <0.01

PDC proportion of days covered, OR odds ratio, CI confidence interval, ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin II
receptor blockers, BB beta-blockers, CCB calcium channel blockers, H2 histamine 2 receptor, NSAID nonsteroidal anti-inflammatory drugs, SSRI/
selective serotonin reuptake inhibitors, SNRI serotonin and norepinephrine reuptake inhibitors

mellitus, hyperlipidemia, obesity, and risk factors for
CVD were negatively associated with low adherence. Our
findings are consistent with those of these earlier studies
and demonstrate that predictors of low adherence include

younger age, female sex, first prescription, and the type of
medical institution. The association between sex and
adherence has also been reported in studies of chronic
conditions other than hypertension [7, 35, 36]. A study by
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Thunander et al. [37] showed that females were more likely
than males to report their experiences and concerns about
side effects to explain their nonadherence to any prescribed
drug. Ong et al. [38] also reported that among atrial fibril-
lation patients, women tended to score lower for physical
quality of life (QOL) than men and suggested that depres-
sion was a significant factor affecting the relationship
between sex and QOL measures. These factors may con-
tribute to the high likelihood of nonadherence to anti-
hypertensive drugs among women.

Our findings on the association between drug class and
adherence are similar to those reported previously. Ishida
et al. [26] showed that adherence was the highest when
ARBs were initiated, and there were no significant
differences between adherence to ARBs and CCBs. The
meta-analysis by Kronish et al. [39] also showed com-
parable results except for those on ACEIs. In an analysis
of 15 previous publications, they reported that adherence
was highest among patients who initiated treatment with
ARBs or ACElIs, followed by those treated with CCBs,
diuretics, or BBs. Although ACEIs are widely used as the
primary treatment drug for hypertension in Western
countries [15, 29, 34, 40], they were infrequently pre-
scribed in our cohort [41]. East Asians reportedly suffer
higher rates of adverse effects to ACEIs, including cough
thanWhites [42]. Similarly, the side effects of BBs and
thiazides (dizziness [43] and frequent urination [44],
respectively) are widely reported. These factors may
explain why the prescribing physicians were disinclined
to prescribe these drugs and the patients’ low adherence to
medications involving these drugs.

In this study, we found that patients who were prescribed
antihypertensive drugs by doctors at larger hospitals had
higher adherence rates than those who initiated treatment at
clinics. Only ~20% of the patients who began treatment at
hospitals received prescriptions from clinics at a later date,
and the others continued receiving prescriptions from the
hospital during the adherence measurement period (data not
shown). This may be in part explained by the backgrounds
of patients treated at these more specialized hospitals,
including their comorbidities. While we do not know the
exact mechanism of the pattern for certain, from a health
economics perspective, most patients requiring continuous
and long-term antihypertensive therapy should be treated by
clinics rather than at acute-care hospitals. Further investi-
gation on the mechanism underlying this phenomenon is
warranted.

Strengths and limitations
The present study is the first to report adherence to newly
initiated drug treatments for the primary prevention of

hypertension based on a large-scale claims-based database

SPRINGER NATURE

in Japan. The size of the database allowed the robust
assessment of patient adherence to antihypertensive drugs
and the distribution of adherence in the cohort. However,
several limitations of the study should be considered when
interpreting the results. First, this was a claims-based
study with limited information on patients’ clinical status.
Although the prescriptions are expected to be recorded
with high accuracy for claim purposes, diagnoses may be
less accurate. Therefore, predictors related to baseline
comorbid conditions may be interpreted as past records of
potential diagnosis rather than definite comorbid condi-
tions. We were also unable to assess the severity of the
patients’ hypertension or the effectiveness of these drugs
during the follow-up period. Second, because adherence
was measured with prescription records, it may have
differed from the patient’s actual drug-taking behavior.
However, the PDC is known to be a conservative measure
of adherence [45], and a strong association between
adherence measured with claims and the patients’ actual
blood concentrations of the drug prescribed has been
reported [46]. Third, the generalizability of our results to
the overall Japanese population might be limited in terms
of age, sex, and socioeconomic status. The distribution of
demographics, including age and sex, provided by IMDC
Inc., is known to differ from national statistics for the
same age group in Japan [47]. The database included few
elderly enrollees, more males, and relatively healthier and
wealthier patients than are present in the overall Japanese
population because the database includes employees of
major companies and their families.

Conclusions

Our objective evaluation of administrative claims data
shows that adherence to newly initiated antihypertensive
drugs in the Japanese population was relatively high com-
pared with previous reports from Western countries. Factors
associated with low adherence included younger age,
female sex, drug class (including BBs, ACElIs, and thia-
zides), comorbid conditions, and the prescribing institution.
These predictors may assist in the identification of candi-
dates for interventions that effectively improve adherence to
antihypertensive drug regimens.
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