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Abstract

Background There is limited evidence of medication
adherence related to progression of chronic kidney disease
(CKD) worldwide. The aim of this study was to determine
associations between medication adherence and the pro-
gression of CKD in outpatients with CKD.

Methods This cohort study recruited 339 Thai patients
with stages 3—5 CKD. Patients with a glomerular disease or
receiving renal replacement therapy before recruitment
were excluded. 295 were followed up regarding their serum
creatinine, blood pressure, glycated hemoglobin, and low-
density lipoprotein cholesterol over 12 months. Medication
adherence was measured at baseline using the Thai version
of the 8-Item Morisky Medication Adherence Scale®. The
primary outcome was the progression of CKD. The pro-
gression of CKD was defined as either a decline in esti-
mated glomerular filtration rate of at least 3 ml/min/
1.73 m*/year or initiation of renal replacement therapy.
Univariate and multivariate analyses were performed using
Chi-squared tests and multiple logistic regressions.
Results Twenty-one percent had poor adherence. Younger
patients were more likely to have poor adherence (adjusted
OR 2.81, 95 % CI 1.45-5.43). Anti-hypertensive agents
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were the most frequently reported as not being taken
(52 %). Patients with poor adherence were associated with
the progression of CKD (adjusted OR 1.96, 95 % CI
1.02-3.76). Those with poor adherence were less likely to
control their blood pressure, than moderate-to-high adher-
ence group (p < 0.01).

Conclusion The findings suggest that CKD patients with
poor medication adherence are more likely to have pro-
gression of CKD. Health care providers should acknowl-
edge these findings and provide effective strategies to deal
with this issue.

Keywords Medication adherence - Clinical outcomes -
Chronic kidney disease - Progression - Thailand

Introduction

Medication adherence is an important contributor to
achieving the goals of treatment. Patients with diabetes or
hypertension who have a high level of medication adher-
ence are more likely to control their blood sugar or blood
pressure, or to decrease mortality [1-3]. Patients with
chronic kidney disease (CKD) are likely to have poor
medication adherence due to the high number of medica-
tions used and the complexity of their medicine regime
[4, 5]. Typically patients with CKD use 6-12 different
medicines to treat all their medical conditions [6].

The prevalence of non-adherence to medication in non-
dialysis patients with CKD ranged from 8 to 33 % assessed
using various measures of medication adherence, such as
the proportion of days covered, medication possession
ratio, and the 4-Item Morisky Medication Adherence Scale
[7-11]. A systematic review of medication adherence in
dialysis patients has reported that a self-report
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questionnaire is frequently used to evaluate medication
adherence [12]. This is a common tool for measuring
medication adherence in clinical practice due to being
convenient and inexpensive, despite having the disadvan-
tages of recall and social desirability bias, and the likeli-
hood of overestimating medication adherence [13].

Characteristics of CKD patients with poor adherence are
not consistent across studies. Magacho et al. reported that
poor adherence was associated with both a high number of
medications and medicines administrated by a caregiver
[7]. Meanwhile, Muntner et al. found no association of
poor adherence with the number of medications, but
younger age was related to poor adherence [11]. Both
studies also reported that gender and a level of education
were not related to poor medication adherence [7, 11].
Schmitt’s study in 2010 revealed that the more kidney
function worsened, the more the level of medication
adherence decreased [9]. Depressive symptoms were
associated with a low level of medication adherence in
patients with CKD [11].

There is a lack of evidence regarding associations
between medication adherence and the progression of CKD
in non-dialysis patients. One large retrospective study in
patients with CKD has shown that poor adherence was
associated with uncontrolled blood pressure [9]. Therefore,
our study aimed to determine any associations between
medication adherence and the progression of CKD. The
secondary objective was to determine characteristics asso-
ciated with poor medication adherence in patients with CKD.

Methods

This cohort study recruited 357 patients who were diag-
nosed with CKD and had an estimated glomerular filtration
rate (eGFR) of less than 60 ml/min/1.73 m?> from two
kidney clinics in public teaching hospitals in Thailand
during January—June 2012. The first hospital represented an
urban population, while the second hospital represented a
rural  population. Thailand’s  Universal Coverage
Scheme supported the costs of medications for Thai
patients with CKD in these hospitals. An eGFR was cal-
culated using the Thai Modification of Diet in Renal Dis-
ease equation [14]. Patients either having a glomerular
disease diagnosed by a doctor, or receiving renal replace-
ment therapy at baseline were excluded. Two hundred and
ninety-five patients were followed up over the 12 months
and recorded their serum creatinine, blood pressure,
HbAlc, and LDL. Serum creatinine was measured using an
enzymatic method, which has provided more accurate
calculation of eGFR. This study was approved by the
Institutional Review Board for Research in Human Sub-
jects at Faculty of Medicine, Chulalongkorn University

(IRB. No 297/54) and Srinakharinwirot
(SWUEC/Ex 43/2555), Thailand.

Self-reported medication adherence was measured using
the Thai version of the 8-Item Morisky Medication
Adherence Scale® (MMAS-8) due to it being relatively
short and validated in Thai patients with diabetes [15, 16].
Patients were interviewed face to face about their medi-
cation adherence at baseline. This questionnaire was vali-
dated, and tested for internal consistency (Cronbach’s
alpha 0.67) and test-retest reliability (intraclass correlation
coefficient 0.73) in Thai patients with CKD in our pilot
study [17]. From the pilot study, patients with a low level
of medication adherence were more likely to have poorer
kidney function measured using eGFR, compared with
those with higher levels of adherence. However, the total
number of participants was not sufficient to estimate the
relationship with statistical significance at the p < 0.05
level. This finding suggested that the degree of medication
adherence could be classified into two groups, poor
(MMAS < 6) and moderate-to-high adherence
(6 < MMAS < 8). In this study, the questionnaire asses-
sed adherence to all types of prescribed medications.

Regarding the definition of the primary outcome, pro-
gression of CKD was defined as either a decline in eGFR of
at least 3 ml/min/1.73 m*/year or the initiation of renal
replacement therapy [18]. The rate of a decline in eGFR
over 12 months, for an individual, was estimated using the
slope of the best fit linear regression line [19]. At least
three measures of eGFR over a year, for each participant,
were used to minimize any lack of precision in the rate of
decline in eGFR [19, 20]. The secondary outcomes were
uncontrolled blood pressure, HbAlc, and LDL. Uncon-
trolled blood pressure was defined as a mean blood pres-
sure of more than 130/80 mm Hg [21]. Uncontrolled
HbAlc was defined as a mean HbAlc of more than 7 %
[21]. Finally, uncontrolled LDL was defined as a mean
LDL of at least 100 mg/dl [21]. Such information was
extracted from participants’ medical notes. The mean of
these outcomes over 1 year was calculated using at least
three measures of these levels from clinic readings.

The rate of a decline in eGFR at baseline was calculated
using at least three measures of serum creatinine in the
previous year. A baseline period of a mean blood pressure,
HbAlc, and LDL was extracted data from participants’
medical notes in the 3—6 months prior to recruitment.

Existing proteinuria was a potential confounding factor
of the progression of CKD, and was defined as 24-h urinary
protein excretion rate over 300 mg/24 h in the 3—6 months
prior to recruitment, a protein and creatinine ratio (PCR)
more than 500 mg/g creatinine in the 3—6 months prior to
the recruitment, an albumin and creatinine ratio (ACR)
more than 300 mg/g, or at least 2+ urine dipstick protein
measurements for diabetic patients in the 3—6 months prior
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to the recruitment or at least 1+ of urine dipstick protein
measurement for non-diabetic patients in the 3—6 months
prior to the interview date [21, 22].

Demographic characteristics are presented as frequen-
cies with percentages. Univariate analyses were performed
to determine any associations between the level of medi-
cation adherence and the progression of CKD. Multiple
logistic regression analysis included all statistically sig-
nificant factors from the univariate analyses to control
confounding factors, such as age and sex. In addition,
univariate and multiple logistic regression analyses were
performed to determine any relationships between poor
adherence and demographics. This model included all
possible factors related to poor adherence from the ques-
tionnaire or medical notes, such as age, gender, education
levels, the number of prescribed medications, and severity
of CKD. Tests were two-tailed, and a p value <0.05 was
considered statistically significant.

Results

Of 339 patients recruited, 28 patients (8 %) died and 16
(5 %) were lost to follow up. Two hundred and ninety-
five patients were followed up over the 12 months, and 18
patients received dialysis during the follow-up period
(6 %). A flow chart of study population is shown in Fig 1.
The mean age of these patients at baseline was 68 years
(SD 12) and 52 % were female. Mean eGFR was 39 ml/

min/1.73 m? (SD 12). Figure 2 shows the distribution of
change in eGFR over 12 months. The median follow-up
period was 12 months (range 9-16). Ninety-five percent
(n=1279) and 65 % (n = 193) had hypertension and
diabetes, respectively. Twenty-two percent (n = 64) and
34 % (n = 99) received angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin II receptor antagonists,
respectively. Patients received other medicines for CKD
complications, such as erythropoietin (n = 57, 19 %),
iron supplements (n = 94, 32 %), folic acid (n = 127,
43 %), vitamin B¢, (n =57, 19 %), loop diuretics
(n = 82, 28 %), sodium or calcium polystyrene sulfonate
(n =57, 19 %), phosphate binders (rn = 88, 30 %),
sodium bicarbonate (n = 68, 23 %), and allopurinol
(n =98, 33 %).

Twenty-one percent of the patients (62 patients) had
poor medication adherence at baseline, and 79 % (233
patients) had moderate-to-high adherence. Median number
of prescribed medication at baseline was 8 items (range
2-20). The median number of pills per day at baseline was
11 pills (range 2-57). There was no difference in the
number of pills per day between patients with poor (13, SD
7) and moderate-to-high medication adherence (13, SD 7).

Among the low medication adherence group (n = 62),
anti-hypertensive agents were the most frequently reported
as not being taken (52 %), followed by hypoglycemic
agents (39 %), and lipid-lowering agents (21 %), compared
with other prescribed medicines. These patients could
report more than one type of medicines that they forgot to

339 eligible patients with stage 3-5 CKD

Drop-out (n= 44)

- Death (n=28)

- Lost to follow-up (n=16)

Cohort study (n=295)

Poor adherence (n=62)

Moderate-to-high adherence (n=233)

| 12 months |

Fast progression & ESRD (n=39)| | Slow progression (n=23)

Fast progression & ESRD (n=101)| Slow progression (n=132)

- 6 patients started dialysis
- 33 patients with
a decline in eGFR > 3 ml/min/1.73m%/year

Fig. 1 Flow chart of study population
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- 12 patients started dialysis
- 89 patients with a decline in eGFR > 3 ml/min/1.73m?/year
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Fig. 2 The distribution of change in eGFR over 12 months

take. Regarding medications for CKD complications, such
as hyperphosphatemia and anemia, phosphate binders and
iron supplements (19, 18 %) were commonly reported as
poor adherence, followed by sodium bicarbonate (13 %)
and folic acid (10 %).

Regarding reasons why patients with CKD did not
adhere to their prescribed medications, forgetting to take
their medications was the most frequently reported
(n = 130, 44 %), followed by feeling of inconvenience in
taking their medications every day (n = 88, 30 %), and
missing taking their medications due to other reasons rather
than forgetting (n = 81, 28 %). A small number of patients
stopped using their medications when either they felt worse
after taking medications (n = 29, 10 %), or their disease
was under control (n = 12, 4 %).

Univariate analyses of potential factors related to the
clinical outcomes between the groups of poor and moder-
ate-to-high adherence are shown in Table 1. Younger age
(<60 years) was more likely to have poor medication
adherence (p < 0.01). No other statistically significant
factors associated with poor adherence were found. In
addition, there was no difference in eGFR at baseline
between the poor and moderate-to-high adherence groups
(38 + 12 and 39 + 12 ml/min/1.73 m?, p = 0.37).

Regarding multiple logistic regression analysis of asso-
ciations between poor medication adherence and demo-
graphic characteristics, Younger patients were more likely

Table 1 Univariate analyses of characteristics between the groups of
low and moderate-to-high adherence

Characteristics at baseline Low Moderate- p value*
adherence to-high
adherence
Age <0.01
>60 years 38 (61.3 %) 185 (79.4 %)
<60 years 24 (38.7 %) 48 (20.6 %)
Sex 0.92
Female 32 (51.6 %) 122 (52.4 %)
Male 30 (484 %) 111 (47.6 %)

Settings 0.49

Urban hospital 31 (50.0 %) 128 (54.9 %)
Rural hospital 31 (50.0 %) 105 (45.1 %)
Current address 0.64
Urban area 23 (37.1 %) 79 (33.9 %)
Rural area 39 (629 %) 154 (66.1 %)
Education levels 0.84
Primary/secondary school 45 (72.6 %) 172 (73.8 %)
Higher education 17 27.4 %) 61 (26.2 %)
Number of medications 0.97
<5 items 10 (16.1 %) 38 (16.3 %)
>5 items 52 (83.9 %) 195 (83.7 %)
Severity of CKD 0.46
Stage 3 44 (71.0 %) 176 (75.5 %)
Stages 4 to 5 18 (29.0 %) 57 (24.5 %)
Progression of CKD in the 0.78
previous year (cutoff
point at 3 ml/min/
1.73 m*/year)
Fast progression 26 (42.6 %) 100 (44.6 %)
Slow progression 35 (57.4 %) 124 (55.4 %)
Existing proteinuria 0.22
Heavy proteinuria® 29 (51.8 %) 76 (38.8 %)
Mild proteinuria® 2 (3.6 %) 8 (4.1 %)
No proteinuria 25 (44.6 %) 112 (57.1 %)
History of hypertension 0.82
Yes 59 (952 %) 220 (94.4 %)
No 3 (4.8 %) 13 (5.6 %)
Uncontrolled blood 0.05
pressure
Yes 46 (78.0 %) 151 (64.8 %)
No 13 (22.0 %) 82 (35.2 %)
History of diabetes 0.46
Yes 43 (69.4 %) 150 (64.4 %)
No 19 (30.6 %) 83 (35.6 %)
History of heart diseases 0.63
Yes 18 (29.0 %) 75 (32.2 %)
No 44 (71.0 %) 158 (67.8 %)
History of dyslipidaemia 0.81
Yes 56 (90.3 %) 208 (89.3 %)
No 6 (9.7 %) 25 (10.7 %)
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Table 1 continued

Characteristics at baseline ~ Low Moderate- p value*
adherence to-high
adherence
ACEIs or ARBs 0.99
Yes 33 (532 %) 124 (53.2 %)
No 29 (46.8 %) 109 (46.8 %)
Lipid-lowering agents 0.95
Yes 50 (80.6 %) 187 (80.3 %)
No 12 (19.4 %) 46 (19.7 %)
Hypoglycemic agents 0.46
Yes 36 (58.1 %) 123 (52.8 %)
No 26 (419 %) 110 (47.2 %)
NSAIDs/COX-2 inhibitors/ 0.59
aspirin
Yes 33 (532 %) 115 (49.4 %)
No 29 (46.8 %) 118 (50.6 %)

The use of the ©MMAS is protected by US copyright laws. Per-
mission for use is required. A license agreement is available from:
Donald E. Morisky, ScD, ScM, MSPH, Professor, Department of
Community Health Sciences, UCLA School of Public Health, 650
Charles E. Young Drive South, Los Angeles, CA 90095-1772

* Analyzed using Chi-squared tests

4 Heavy proteinuria was defined as ACR >300-999 mg/g,
PCR >500-1499 mg/g or dipstick reading >2+ [25]

® Mild proteinuria was defined as ACR = 30-300 mg/g,
PCR = 40-500 mg/g or dipstick reading >1+

to have poor medication adherence (adjusted odds ratio
2.81, 95 % CI 1.45-5.43). No other demographics were
found to be associated with poor adherence (Table 2).
Table 3 shows the univariate analyses between potential
risk factors at baseline and the primary outcome—the fast
progression of CKD. Patients with poorer medication
adherence and existing proteinuria were more likely to
have faster progression of CKD (p < 0.01). Table 4 shows
the multiple logistic regression analysis of the association
between poor adherence and the progression of CKD over
1 year. Patients with poor medication adherence and
existing proteinuria were associated with the progression of
CKD (adjusted OR 1.96, 95 % CI 1.02-3.76 and adjusted
OR 3.28, 95 % CI 1.90-5.69, respectively). Univariate and
multiple logistic regression analyses of other outcomes,
which were uncontrolled blood pressure, HbAlc and LDL,
found no associations between poor adherence and these
outcomes (uncontrolled BP adjusted OR,gc sex 1.08, 95 %
CI 0.58-2.01; uncontrolled HbAc adjusted ORggc sex 1.26,
95 % CI 0.63-2.53; and uncontrolled LDL adjusted
OR e sex 1.54, 95 % CI 0.81-2.93). However, there was a
significant difference of five clinical cutoff points of BP
between the poor and moderate-to-high adherence over
1 year (p < 0.01). The poor adherence group is less likely

@ Springer

Table 2 Multiple logistic regression analysis of associations between
poor medication adherence and demographics at baseline

Demographics Adjusted odds ratio* (95 % CI)
for poor versus moderate-to-high
adherence

Age

>60 years 1.00

<60 years 2.81 (1.45-5.43)
Gender

Female 1.00

Male 1.04 (0.58-1.89)
Education levels

Higher education 1.00

Primary or secondary education 1.39 (0.68-2.82)
Current address

Rural area 1.00

Urban area 1.22 (0.67-2.24)
Number of medications

<5 items 1.00

>5 items 1.18 (0.53-2.64)
Severity of CKD

Stage 3 1.00

Stages 4-5 1.29 (0.67-2.49)

The use of the ©MMAS is protected by US copyright laws. Per-
mission for use is required. A license agreement is available from:
Donald E. Morisky, ScD, ScM, MSPH, Professor, Department of
Community Health Sciences, UCLA School of Public Health, 650
Charles E. Young Drive South, Los Angeles, CA 90095-1772

* OR adjusted for all other variables listed in the table

to control their blood pressure. The five clinical cutoff
points of BP were (1) BP < 120/80 mm Hg, (2) BP = 120/
80-130/80 mm Hg, (3) BP = 131/81-140/90 mm Hg, (4)
BP > 140/90-150/90 mm Hg, and (5) BP > 150/90 mm
Hg. The group of moderate-to-high adherence is more
likely to control their blood pressure than the poor adher-
ence (at BP < 120/80, 14 % of the adherence group vs.
9 % of the poor adherence group; at BP = 120/80-130/80,
23 % of the adherence group vs. 27 % of the poor adher-
ence group; and at BP = 131/81-140/90, 35 % of the
adherence group vs. 18 % of the poor adherence). Mean-
while, the proportion of the poor adherence at BP > 150/90
(26 %) was higher than another group (9 %).

Comparing the means of the four outcomes between the
adherence groups showed that the low adherence group
showed significantly poorer outcomes over the 12 months
for eGFR —4.4 + 6.7 ml/min/1.73 m*/year, and SBP
138 &= 15 mmHg and DBP 75 £ 9 for poor adherence,
compared with —0.9 & 7.4 ml/min/1.73 m*/year, and SBP
134 + 12 mmHg and DBP 72 4+ 8 mmHg for high
adherence (r = 3.13, p < 0.01,t = —2.32, p < 0.05 and ¢
= —2.31, p < 0.05, respectively), see Table 5.
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E;l\:/l:e::l ;i?ézﬁr;f treislinfaz: z:(frss at Risk factors at baseline Fast progression Slow progression p value*
baseline and the fast progression Medication adherence <0.01
of CKD (composite of
eGFR >3 ml/min/1.73 mz/year Low adherence 39 (27.9 %) 23 (14.8 %)
and initiation of dialysis), Moderate-to-high adherence 101 (72.1 %) 132 (85.2 %)
compared with the slow Age 0.06
progression of CKD over 1 year 60 years 99 (70.7 %) 124 (80.0 %)
<60 years 41 (29.3 %) 31 (20.0 %)
Sex 0.16
Female 67 (47.9 %) 87 (56.1 %)
Male 73 (52.1 %) 68 (43.9 %)
Existing proteinuria <0.01
Yes 76 (60.8 %) 39 (30.7 %)
No 49 (39.2 %) 88 (69.3 %)
Stage of CKD 0.05
3 97 (69.3 %) 123 (79.4 %)
4-5 43 (30.7 %) 32 (20.6 %)
History of hypertension 0.08
Yes 129 (92.1 %) 150 (96.8 %)
No 11 (7.9 %) 5 (3.2 %)
History of diabetes 0.70
Yes 90 (64.3 %) 103 (66.5 %)
No 50 (35.7 %) 52 (33.5 %)
Uncontrolled blood pressure (>130/80 mm Hg) 0.69
Yes 94 (68.6 %) 103 (66.5 %)
No 43 (31.4 %) 52 (33.5 %)
Uncontrolled HbAlc (>7 %) 0.66
Yes 40 (44.0 %) 49 (47.1 %)
No 51 (56.0 %) 55 (52.9 %)
ACEIs or ARBs 0.72
Yes 73 (52.1 %) 84 (54.2 %)
No 67 (47.9 %) 71 (45.8 %)
NSAIDs/COX-2 inhibitors/aspirin 0.45
Yes 67 (47.9 %) 81 (52.3 %)
No 73 (52.1 %) 74 (47.7 %)

The use of the ©MMAS is protected by US copyright laws. Permission for use is required. A license
agreement is available from: Donald E. Morisky, ScD, ScM, MSPH, Professor, Department of Community
Health Sciences, UCLA School of Public Health, 650 Charles E. Young Drive South, Los Angeles, CA

90095-1772

* Analyzed with Chi-squared tests

Discussion

The mean age of participants in this study (68 years, SD 12)
is consistent with the Thai population of CKD stages 2—4
(65 years, SD 13) [23]. Our study found similar levels of
eGFR to the published literature (39 ml/min/1.73 m2,SD 12
vs. 42 ml/min/1.73 mz, SD 16), and the percentages of
patients with hypertension (95 vs. 91 %) were also similar to
published rates [23]. However, the proportion of women in
our study (52 %) and those with diabetes (65 %) were higher
than previous studies of CKD (44, 56 %, respectively) [23].

There was no difference in the mean number of medicines
between the present study (8 items) and the literature among
patients with CKD (6-12 items) [6, 7].

The rate of poor medication adherence in the present
study (21 %) fell within the range of non-adherence seen in
other studies of non-dialysis patients with CKD (8-33 %)
[7-11]. Most participants did not take their medications
due to forgetfulness. This finding is similar to Muntner’s
study [11]. Feelings of inconvenience in taking medicines
every day were the second frequently reported reason for
non-adherence in our participants.
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Table 4 Multiple logistic

. Risk factors
regression of analyses of

Unadjusted OR (95 % CI) Adjusted OR (95 % CI)

aSSOf)lat%OnS between poor Medication adherence
medication adherence at Mod hich
baseline and the progression of oderate-to-hig
CKD Low

Age (years)
>60
<60
Sex
Female
Male
Existing proteinuria
No
Yes
Stage of CKD
3
4-5

1.00 1.00
2.22 (1.24-3.94) 1.96 (1.02-3.76)

1.00 1.00
1.66 (0.97-2.83) 1.10 (0.60-2.02)

1.00 1.00
1.39 (0.88-2.21) 1.14 (0.66-1.95)

1.00 1.00
3.50 (2.08-5.89) 3.28 (1.90-5.69)

1.00 1.00
1.70 (1.00-2.89) 1.02 (0.54-1.92)

The use of the ©MMAS is protected by US copyright laws. Permission for use is required. A license
agreement is available from: Donald E. Morisky, ScD, ScM, MSPH, Professor, Department of Community
Health Sciences, UCLA School of Public Health, 650 Charles E. Young Drive South, Los Angeles, CA

90095-1772

Odds ratio (OR) adjusted for all other variables listed in the table

Table 5 Comparison between

poor medication adherence and Mean (SD) p value®
means for clinical outcomes Low adherence Moderate-to-high adherence
Clinical outcomes at baseline
eGFR (ml/min/1.73 m?/year) —2.7 (11.1) —2.8 (10.3) 0.93
SBP (mmHg) 139 (14) 135 (15) 0.05
DBP (mmHg) 76 (10) 73 (10) 0.05
HbAlc (%) 8.3 (2.5) 7.2 (1.7) <0.01
LDL Cholesterol (mg/dl) 116 (48) 103 (40) 0.05
Clinical outcomes over 12 months
¢GFR (ml/min/1.73 m?/year) —4.4 (6.7) —-0.9 (7.4) <0.01
SBP (mmHg) 138 (15) 134 (12) <0.05
DBP (mmHg) 75 9) 72 (8) <0.05
HbAlc (%) 7.4 (1.6) 7.0 (1.6) 0.19
LDL Cholesterol (mg/dl) 115 (34) 106 (32) 0.08

The use of the ©MMAS is protected by US copyright laws. Permission for use is required. A license
agreement is available from: Donald E. Morisky, ScD, ScM, MSPH, Professor, Department of Community
Health Sciences, UCLA School of Public Health, 650 Charles E. Young Drive South, Los Angeles, CA

90095-1772

* 1 tests

Our study showed that younger patients with CKD were
more likely to have poor adherence to prescribed medica-
tions. However, associations between poor adherence and
the number of pills, gender or educational level were not
found. These findings are consistent with Muntner’s study
[11]. The present study found no relationship between the
severity of CKD and poor adherence. This finding is not
consistent with a previous study which suggested that

@ Springer

lower eGFR was associated with non-adherence [9].
However, that study measured adherence only to hyper-
tensive agents, while our study evaluated adherence to all
types of prescribed medications. This may account the
difference in results, and in addition, the studies used dif-
ferent tools for measuring adherence.

The present cohort study is the first to report associa-
tions between poor medication adherence and the
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progression of CKD in non-dialysis patients with CKD.
The findings suggest that a low level of medication
adherence is associated with the progression of CKD,
although the existing proteinuria had a stronger association
with the progression of CKD, compared with poor adher-
ence. Patients with moderate-to-high medication adherence
are likely to have a slower progression of CKD. This may
be because patients who adhere to medication are more
likely to comply with diet control, such as restriction of
protein intake and a high sugar diet. If patients comply with
ACEIs, ARBs, their hypoglycemic agents, and the restric-
tion of such diets, their kidney function is less likely to
worsen. Our findings seem to confirm that statement.
Patients with moderate-to-high medication adherence are
more likely to control their sugar level and blood pressure
than those with poor adherence. There were no purposive
changes of patient care between the two groups during the
baseline and study periods. Physicians took care of their
patient as usual, and did not know which patients were
classified into the poor group or moderate-to-high adher-
ence groups.

Pharmacists, therefore, should provide strategies for
patients with CKD to improve their medication adherence.
Further studies should examine what intervention is suit-
able for solving this problem. Medication adherence is a
factor related to these outcomes. Other factors which may
have influenced these outcomes were not measured, such as
consumption of a high-salt diet. In addition, the higher
level of DBP in the poor adherence group may have been
influenced by the higher proportion of younger patients and
was more likely to have higher DBP [24]. Further studies
of a high number of sample sizes are needed to examine
these associations in patients with CKD to confirm the
findings.

Limitations of this study are that this study did not
examine several factors related to poor adherence, such as
socioeconomic status, depressive symptoms and medica-
tions administered by a caregiver. Medication adherence
was assessed by a self-report questionnaire in the present
study, so this may have resulted in overestimates of
adherence due to recall and social desirability bias. We
measured medication adherence once at baseline, so some
patients in the moderate-to-high adherence group may not
have adhered to this level over the period of the study [8]
and so the findings should be interpreted with caution.
Finally, our study did not investigate barriers to medication
adherence in patients with CKD.

In conclusion, the findings showed that a low level of
adherence to prescribed medication in patients with CKD
seem to contribute to the progression of CKD. Younger
patients were more likely to report poor medication
adherence. Therefore, health care providers should
acknowledge these findings and provide effective strategies

for patients with CKD to help them improve their
adherence.
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