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Abstract: As diabetes increases globally, high mortality increases due to complications of uncontrolled
sugar. Medication adherence is important to control blood sugar and prevent its complications.
Objective of the study was to identify factors associated with medication adherence among type
2 diabetes patients. A cross-sectional study was conducted among 343 patients visiting Dhulikhel
Hospital, Nepal, for their fasting blood sugar test from September to December 2016. Inclusion
criteria: patients with type 2 diabetes, under diabetes medication for past three months (minimum),
age > 18 years. The outcome of the study was medication adherence measured using the eight-item
Morisky medication adherence scale (MMAS-8) (© 2006 Donald E. Morisky). Multivariate logistic
regression was used for the analysis. Results showed that 61% of respondents had high medication
adherence; adherence was positively associated with formal education [AOR: 2.43 (95% CI: 1.34,
4.39)] and attendance at diabetes counseling [AOR: 1.76 (95% CI: 1.02, 3.04)] after adjusting for age,
occupation, medicine intake duration and diabetes medicine types. The study concluded that formal
education and attendance at diabetes counseling positively affected patients” adherence to medicine.
We encourage healthcare institutions to provide counseling services to all the patients with type 2
diabetes and focus more on those who are less educated.
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1. Introduction

Diabetes is a chronic medical condition characterized by high blood sugar level caused
by impaired glucose metabolism [1]. The prevalence of diabetes is rapidly increasing
worldwide, affecting 537 million adults in 2021 [2]. Diabetes is more prevalent in low-
and middle-income countries (LMIC), where over three in four adults are living with
diabetes [2]. The second largest prevalence of diabetes was found in South East Asia [2].
The prevalence of diabetes in Nepal was 10% as per systematic review and meta-analysis [3]
which was higher than reported in a study conducted in 2020 [4]. Hyperglycemia (high
blood glucose) is the third highest risk factor for global premature mortality [5] causing
6.7 million deaths in 2021 [2]. There has been a 3% increase in age-standardized diabetes
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mortality rates from 2000 to 2019 globally [1]. Further, the increase in mortality rate due
to diabetes has increased by 13% in LMIC [1]. The all-age diabetes mortality rate has
doubled between 1990 to 2019 in Nepal [6]. The mortality is caused by life-threatening
complications associated with diabetes such as kidney failure, heart attacks, and stroke [1].
Disability-adjusted life years (DALYs) due to diabetes have also increased from 1990 to
2019 worldwide [7] and also in Nepal [6].

Diabetes has imposed a significant economic burden in the world with an expenditure
of 966 billion dollars [2]. The economic burden has been encountered by the individuals,
their families, subsequently countries and their national health care systems [2]. The
cost of diabetes is more challenging for LMIC such as Nepal, where a single patient with
diabetes paid around 13.30 US Dollars (USD) per out-patient clinic visit while the total
cost for diabetes treatment and care per month costs around USD 40.40 [8]. Most of the
Nepalese population cover this cost out-of-pocket [9], although some medicines are offered
free of cost at government health care centers. The cost of diabetes medications has been
considered to be one of the barriers to achieving targeted glycemic control [10]. On the
other hand, sustained glucose control is important to minimize the cost of diabetes care
and prevent its complication [11]; it can be achieved by good medication adherence along
with adhering to proper diet control, recommended exercise and lifestyle modification.
However, increased cost of medication such as cost-related insulin underuse has resulted in
the non-adherence of medication among patients with diabetes [10,12]. Consequently, poor
medication adherence leads to poor glycemic control [13,14] and, over time, uncontrolled
blood sugar leads to diabetes related micro or macro complications [15,16].

In a global context, diabetes medication adherence has been associated with the fe-
male gender [17], level of education [18,19], knowledge about diabetes [18,19], duration
of diabetes [19,20], perception of disease severity [17], among other factors. In Nepal, few
studies have identified factors for the adherence or non-adherence to treatment among
patients with type 2 diabetes [21-25]. The good medication adherence measured using
the eight-item Morisky medication adherence scale (MMAS-8) was 28.5% in Nepal [21].
The identified associated factors of non-adherence to diabetic treatment found in Nepelese
studies were: age [23], gender [24], educational status [23,24], occupation [24], monthly
income [23], working group [23], duration of diabetes [23], while diabetic counseling was
associated with good medication adherence [21]. The reasons for non-adherence were
intentional discontinuation, forgetfulness, carelessness, and hypoglycemia [22]. However,
these previous studies have used simple statistical methods to determine predictors of
medication adherence [21,22,24,25]; only one used multiple logistic regression [23]. Two
studies used MMAS-8 [21,25], two studies used MMAS-4 [23,24], one study did not use
standardized questions to measure medication adherence and failed to identify its asso-
ciated factors scientifically [22]. One qualitative study was also conducted investigating
factors impacting medication in a Nepalese population with type 2 diabetes [26].

It is important to measure medication adherence and its associated factors among
patients with type 2 diabetes in Nepal in a valid and reliable way, using standardized
tools and using advanced statistical analysis. Hence, the eight-item Morisky medication
adherence scale (MMAS-8) (© 2006 Donald E. Morisky) [13,27] was used in this study to
measure medication adherence among patients with type 2 diabetes in an urban tertiary
level hospital in Nepal. Further, the present study used multivariate logistic regression
to quantify the association between factors with medication adherence by controlling the
effect of confounders. Since studies of such types in the context of Nepal have been limited,
the present study aimed to identify factors associated with diabetes medication adherence
among patients with type 2 diabetes in Nepal. The findings of this study will help to gain
insights into the predictors of medication adherence among patients with type 2 diabetes
in Nepal. Additionally, the findings will be helpful for stakeholders including medical
practitioners and policy makers to initiate evidence-based planning for proper management
of type 2 diabetes in Nepal.
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2. Materials and Methods

Study design and study site: We conducted a hospital-based cross-sectional study
at the laboratory department of Dhulikhel Hospital among patients with type 2 diabetes
visiting for their regular fasting blood sugar (FBS) test, from September to December 2016.
Dhulikhel Hospital is a tertiary care hospital located at the center of Kavrepalanchowk
district. It provides services to a population of more than 1.9 million in its catchment area.
The hospital has a good facility for patients with diabetes, including nurse-run diabetes
counseling. The service of diabetes counseling was started in 2012.

Study population and sample size: We recruited a total of 343 eligible patients in
this study based on the sample size calculated for a bigger study with glycemic control
as an outcome and medication adherence as an exposure [28]. The eligibility criteria for
the patients were: (i) had type 2 diabetes, (ii) under diabetes medication for the past
three months, (iii) 18 years or older. The participants were operationalized as having type
2 diabetes based on the participants’ self-history of type 2 diabetes; a history of taking
diabetes medication and reconfirmation of the diagnosis & medication from their out-
patient department registration card. We excluded those with type 1 diabetes, gestational
diabetes, and those who were critically ill. Participation was voluntary.

Participant recruitment: We informed the potential participants about the study using
a multi-coloured flex with description of study in Nepali language, posted at the laboratory
department door. In addition, we verbally announced about the study at the poster site to
draw the attention of potential participants. When the participants came in contact with us,
we explained the purpose of the study and received written informed consent from those
who agreed to participate. The convenience sampling technique among the participants
who visited in the laboratory department of the hospital may have led to selection bias,
which needs to be taken into account for interpretation of the results.

Data collection methods and tools: We used face-to-face interview method in the
Nepali language to collect the data. We used a pre-tested standardized questionnaire using
the Open Data Kit (ODK) software (v1.4.11). The questionnaire includes socio-demographic
characteristics, clinical characteristics, eight-item Morisky medication adherence scale
(MMAS-8) (© 2006 Donald E. Morisky) [29-32].

2.1. Outcome

Our primary outcome of the study was information about medication adherence. The
medication adherence was measured using the Nepali version of MMAS-8 (© 2006 Donald
E. Morisky) (The MMAS (8-item) content, name, and trademarks are protected by US
copyright and trademark laws. Permission for use of the scale and its coding is required. A
license agreement is available from Donald E. Morisky, ScD, ScM, MSPH, MMAS Research
LLC., donald.morisky@moriskyscale.com).The MMAS-8 score was calculated based on the
Morisky guidelines obtained through a license contract. The adherence was categorized as
low (total score less than 6); moderate (total score 6 to less than 8); and high (total score
equal to 8).

2.2. Exposures

1. Socio-demographic characteristics, which included age (years), gender (male/female),
education (non-formal/up to School Leaving Certificate (SLC)/above SLC), ethnicity
(Brahmin/Newars/others), residency (rural/urban), occupation (housewife /business
/agriculture/office (professional) /unemployed/other occupation), and family sup-
port for medication (yes/no).

2. Clinical characteristics, which included duration of diabetes (years), duration of
medication intake (years), immediate family members with diabetes (yes/no), history
of hypertension (yes/no), history of current antihypertensive medication (yes/no),
history of diabetes complication (yes/no), time given by doctors (minutes per visit),
diabetes counseling (yes/no) and types of diabetes medication (Oral Hypoglycemic
Agents (OHA)/insulin/both).
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Statistical analysis: We summarized the sample characteristics using mean and stan-
dard deviation (SD) of normally distributed continuous variables; median and interquartile
range for continuous variables with skewed distribution; and frequency and percentage
of categorical variables. We presented all data excluding missing data which resulted
in varied sample size for some of the variables like residency and financial support for
diabetes medicines. We used multivariate logistic regression to identify factors associated
with medication adherence (dependent variable). Only two categories of “low/moderate
adherence” (MMAS-8 < 8) = 0 and “high adherence (MMAS-8 = 8) = 1” were used in
multivariate logistic regression because there were very few participants in low adherence
category.

We used three models for statistical analysis. Model 1 was bivariate analysis. Model
2 was adjusted for sociodemographic variables [age (continuous), education (no formal
education = 0/formal education = 1), and occupation (unemployed = 0/employed = 1)].
Model 3 was adjusted for both sociodemographic variables (aforementioned variables)
and clinical characteristics [medicine intake duration (natural log), attendance of diabetes
counseling (no = 0/yes = 1) and types of diabetes medicines (only OHA = 0/insulin or
insulin with OHA = 1)].

We obtained ethical approval from the Regional Committee for Medical and Health
Research Ethics (REK) [Ref no. 2016/826/REK midt], Norway; Nepal Health Research
Council (NHRC), Nepal [Reg no. 124/2016]; and Institutional Review Committee, Kath-
mandu University School of Medical Sciences (IRC/ KUSMS), Nepal [Ref no. 96/16]. We
also obtained written permission from the hospital director to use the laboratory depart-
ment of Dhulikhel Hospital. Written informed consent was obtained from all the recruited
participants.

We followed the STROBE (strengthening the reporting of observational studies in
epidemiology) checklist [33] to report this cross-sectional study:.

3. Results

We approached participants until the required sample size of 343 was recruited. A
total of 357 were approached, with a response rate of 96%.

Table 1 shows sociodemographic characteristics of the study population. Mean age
was 56 years and 54% were male.. Almost half of the participants (49%) were from Newar
ethnicity, 90% were currently married, around 63% had formal education, housewife was
the most popular occupation (29%) and majority were from an urban area (89%).

Table 1. Sociodemographic characteristics among 343 diabetes patients at Dhulikhel Hospital.

Male Female Total
Characteristics (n =186) (n=157) (n =343)
n (%) n (%) n (%)
Age, years mean (SD) 571+11.4 543+ 114 55.8 £ 11.5
Ethnicity
Newar 91 (48.9) 77 (49.0) 168 (49.0)
Brahmin/Chhetri 68 (36.6) 60 (38.2) 128 (37.3)
Other 27 (14.5) 20 (12.7) 47 (13.7)
Marital Status
Currently married 179 (96.2) 129 (82.2) 308 (89.8)
Not currently married 7 (3.8) 28 (17.8) 35 (10.2)
Education
No formal education 28 (15.1) 100 (63.7) 128 (37.3)
School Leaving Certificate (SLC) 112 (60.2) 49 (31.2) 161 (47.0)

Above SLC

46 (24.7) 8 (5.1) 54 (15.7)
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Table 1. Cont.
Male Female Total
Characteristics (n =186) (n =157) (n = 343)
n (%) n (%) n (%)
Occupation
Housewife 0 (0.0) 98 (62.4) 98 (28.6)
Business 64 (34.4) 11 7.0) 75 (21.9)
Agriculture 44 (23.7) 30 (19.1) 74 (21.6)
Office (professional) 29 (15.6) 5 (3.2) 34 9.9)
Unemployed 19 (10.2) 5 (3.2) 24 (7.0)
Other occupation 30 (16.1) 8 (5.1) 38 (11.0)
Residency *
Utban 164 (90.6) 132 (88) 296 (89.4)
Rural 17 9.4) 18 (12.0) 35 (10.6)
*n =331.
Table 2 presents clinical characteristics stratified by gender. Majority were under only
OHA (84.3%). The median medication duration was 3 (IQR: 1, 6) years. The mean Morisky
medication adherence scale score (© 2006 Donald E. Morisky) was 7.4 (SD: 1). The results
showed that more male participants (76.3%) paid for their medicine themselves compared
to the female participants. Around 15% participants had family members with diabetes.
Only 42% had received any diabetes counseling. The mean duration for doctor-patient
interaction was 8.6 (SD: 4.9) minutes. Nearly half of the participants (47.5%) reported
having hypertension and 8.5% reported having chronic complication caused by diabetes.
Table 2. Clinical Characteristics among 343 diabetes patients at Dhulikhel Hospital.
Male Female Total
Characteristics (n =186) (n =157) (n = 343)
n % n % n %
Types of diabetes medicines
OHA 153 (82.3) 136 (86.6) 289 (84.3)
OHA and insulin 22 (11.8) 16 (10.2) 38 (11.0)
Insulin only 11 (5.9) 5 (3.2) 16 4.7)
Medicine intake, years
Median (IO) 3(1,6) 25(1,6) 3(1,6)
MMAS-8 (© 2006 Donald E. Morisky)
Mean (SD) 1 74+09 73£1 74+1
Financial support for diabetes
medicine *
Self 132 (76.3) 27 (18.5) 159 (49.8)
Family member 41 (23.7) 119 (81.5) 160 (50.2)
Immediate family member with diabetes
Yes 29 (15.6) 2 (14) 51 (14.9)
No 157 (84.4) 135 (86) 292 (85.1)
Attendance diabetes counselling
Yes 74 (39.8) 70 (44.6) 144 (42)
No 112 (60.2) 87 (55.4) 199 (58)
Dl.lratlon of doctor—patient interaction, 88157 834139 8.6+ 49
minutes mean (SD)
Hypertension
Yes 100 (53.8) 63 (40.1) 163 (47.5)
No 86 (46.2) 94 (59.9) 180 (52.5)
Self-reported chronic complications
Yes 20 (10.8) 9 (5.8) 29 (8.5)
No 165 (89.2) 147 (94.2) 312 (91.5)

*n = 319; ! The MMAS (8-item) content, name, and trademarks are protected by US copyright and trademark
laws. Permission for use of the scale and its coding is required. A license agreement is available from Donald E.
Morisky, ScD, ScM, MSPH, MMAS Research LLC., donald.morisky@moriskyscale.com.
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Figure 1 shows the distribution of level of adherence by gender. The proportion
of the total participants with high, moderate and low adherence were 60.9%, 31.8% and
7.3 % respectively. The proportions of medication adherence were similar in males and
females. Compared to males, a lower percentage of female patients had high medication
adherence. Moderate medication adherence was higher among females than in males and
low medication adherence was comparatively higher among males than in females.

28.0%

Male Female Total

8.6%

m High Adherence = Moderate Adherence ' Low Adherence

5.7% 7.3%

36.3% 31.8%

58.0%
63.4% ’ 60.9%

Figure 1. Status of medication adherence. The figure shows the status of medication adherence
measured using Morisky medication adherence score (MMAS-8) (© 2006 Donald E. Morisky) (The
MMAS (8-item) content, name, and trademarks are protected by US copyright and trademark laws.
Permission for use of the scale and its coding is required. A license agreement is available from
Donald E. Morisky, ScD, ScM, MSPH, MMAS Research LLC., donald. morisky@moriskyscale.com)
and categorized as high adherence (MMAS-8: 8), moderate adherence (MMAS-8: >6 or <8), and low
adherence (MMAS-8: <6). The total number of participants were 343 with 186 male and 157 female.
The proportion of high medication was high in all three groups.

Table 3 presents factors associated with medication adherence among patients with
type 2 diabetes. High medication adherence was positively associated with having formal
education after adjusting for sociodemographic characteristics (age, occupation) and clinical
characteristics (medicine intake duration, attendance in diabetes counseling, diabetes
medicine types) [OR: 2.4, CI1 95%: 1.3-4.4; p-value: 0.003]. The odds of high medication were
76% higher among those who attended diabetes counseling sessions compared to those who
did not, after adjusting for sociodemographic characteristics and clinical characteristics [OR:
1.7, C195%: 1.0-3.0; p-value: 0.04]. There was no significant association between medication
adherence and age, occupation, medicine intake duration, or diabetes medicine types.

1

Table 3. Factors associated with medication adherence * among 343 diabetes patients at Dhulikhel

hospital *.
Model 1 Model 2 ** Model 3 ***
Adjusted for
Bivariate Analysis Adjusted for Sociodemographic Variables Sociodemographic
Characteristics & Clinical History
(n = 343) (n = 343) (n = 343)
OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value
Age, years 0.99 (0.97,1.01) 0.28 0.99 (0.97,1.01) 0.40 0.99 (0.97,1.02) 0.73
Education
No formal education Ref Ref Ref
Formal education 243 (1.55,3.81) <0.001 2.36 (1.32,4.23) <0.001 243 (1.34,4.39) 0.003
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Table 3. Cont.

Model 1 Model 2 ** Model 3 ***
Adjusted for
Bivariate Analysis Adjusted for Sociodemographic Variables Sociodemographic
Characteristics & Clinical History
(n = 343) (n = 343) (n = 343)
OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value
Occupation
Unemployed Ref Ref Ref
Employed 1.19 (0.76,1.88) 0.4 0.71 (0.39,1.29) 0.26 0.70 (0.38,1.29) 0.25
Medicine intake
duration, Years (nat.log) 1.00 (0.95,1.04) 0.85 - - - 091 (0.73,1.13) 0.41
Attendance diabetes
counseling
No Ref Ref
Yes 1.78 (1.14,2.79) 0.01 - - - 1.76 (1.02, 3.04) 0.04
Diabetes medicine types
Only OHA Ref Ref
Insulin "ég‘zuhn with 1.34 (0.73,2.47) 0.35 . : . 128 (0.60,2.73) 0.52

* Dependent variable: Medication adherence (high adherence and moderate/low adherence). ** Model 2 adjusted
for sociodemographic characteristics (age, education, and occupation);*** Model 3 adjusted for sociodemographic
characteristic and clinical characteristics (age, education, occupation, medicine intake duration (natural log),
attendance of diabetes counselling and types of diabetes medicines). ! The MMAS (8-item) content, name, and
trademarks are protected by US copyright and trademark laws. Permission for use of the scale and its coding
is required. A license agreement is available from Donald E. Morisky, ScD, ScM, MSPH, MMAS Research LLC.;
donald.morisky@moriskyscale.com.

4. Discussion

The present study demonstrated that more than half of the study population of
hospital-based participants of an urban area in Nepal with type 2 diabetes had high
medication adherence. The multivariate logistic regression showed a significant association
of medication adherence with level of education and attendance in diabetes counseling.
The study did not show association between medication adherence and age, occupation,
medication intake duration or types of diabetes medication.

The proportion of high medication adherence in the present study supports the find-
ings in a previous study conducted in the same hospital setting in Nepal which showed
62% for high medication adherence [22]. Similar results were demonstrated in one of the
Indian studies [34] and in a study in China [27]. The high adherence in these studies might
be because of the hospital-based participants who were more active, more health conscious
and hence were more motivated to adhere to their medication. However, the results were
in contrast to other Nepalese studies which showed a low proportion of good adherence
and a high proportion of non or poor/fair adherence [21,23-25]. Another study from an
Ethiopian hospital reported a high adherence rate of 48% [19]. The variations in the results
might have been attributed to difference of data collection tools, difference in sample size
or the true difference in different population.

In the present study, the mean MMAS-8 (© 2006 Donald E. Morisky) score was 7.4. In
a study conducted in China using MMAS-8 for diabetes medicines, the mean medication
adherence score was 6.79 (SD: 1.37) [27]. It is important to note that the study in China
measured only OHA adherence while the present study measured adherence to both OHA
and insulin. Our analysis by type of medicine showed higher adherence among those
taking insulin only or insulin with OHA than among those who were under only OHA. It
could be due to more caution taken by patients with insulin administration than patients
taking only OHA.

In the present study, medication adherence was positively associated with formal
education. This was in line with the studies in Nepal which showed lower education led to
more non-adherence totherapies including medication [23,25]. The result was also similar
to the results of an Ethiopian study which showed that adherence was higher for those
with higher educational status than for those with less than grade one [19]. Similar results
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were also obtained in the studies in India [34] and in Canada [18]. This indicates that
better education leads to better medication adherence. Educated individuals could better
understand information about the disease and also about the consequences of not adhering
to medication. In contrast, the previous study in Nepal did not show any significant
association between medication adherence and education [22]. That study was limited by
its use of an unstandardized question tool for medication adherence to identify associated
factors of medication adherence.

There was a positive association between medication adherence and diabetes counsel-
ing in the present study, which was similar to the study conducted in Nepal [21]. It suggests
that diabetes counseling helps patients with type 2 diabetes to understand diabetes and
highlights the importance of proper diet, regular exercise, regular check-ups and regular
medicines. The importance of diabetes management education and support (DSME/S)
was also highlighted by the American Diabetes Association, the American Association of
Diabetes Educators, and the Academy of Nutrition and Dietetics [35], while Cornell et al.
emphasized medication adherence as an integral part of proper diabetes management [36].

Although the present study did not show any significant association between diabetes
medication adherence and age, occupation, medicine intake duration or types of diabetes
medicines, other studies have demonstrated an association between medication adherence
with these factors [23,25,34,37]. Increasing age (>50 years) has been shown to be associated
with lower adherence to medication due to several reasons, for example, the presence
of co-morbidities and functional disabilities [23,34,37]. A Nepalese study showed that
self-employed participants were more likely to be non-compliant with medication [25].
A French study showed that professionally employed patients had lower adherence of
diabetes medication [38] as they were more likely to forget to take medicine because
of their busy work schedule. Previous studies from different parts of the world have
shown a significant positive association between medication adherence with duration of
diabetes [19,23,34,39]. The present study measured medicine intake duration instead of
duration of diabetes. However, medicine intake duration had no effect on medication
adherence in the study. With regard to types of medicine, an Indian study revealed that
adherence was higher with OHA than with insulin alone or with a combination of OHA
and insulin [34].

Medication adherence was likely to be higher among the Nepalese population pre-
sented in the tertiary care hospital in Nepal. The patients who had formal education were
more likely to have high medicine adherence compared to those whodid not have formal
education. Additionally, patients who attended diabetes counseling had better medication
adherence. This implies that a patient with low education should be given special consider-
ation by a concerned individual—either medical personnel or family members—regarding
medication of the patient. Similarly, more diabetes counseling services should be facilitated
in the country to create awareness among the patients and their family members about
diabetes and its overall management including medication intake. Diabetes counseling in a
hospital setting or community setting would be beneficial for the patients with diabetes.

There were both strengths and limitations in the present study. Some of the strengths
were as follows: first, diabetes medication adherence was measured using a standardized
toolMMAS-8 (© 2006 Donald E. Morisky), after obtaining its license for the Nepali trans-
lated version. Second, multiple confounders were controlled using multivariate logistic
regression analysis. Third, Open Data Kit software was used for data collection that re-
sulted in complete information of the participants with minimum data entry error. Fourth,
the present study was well powered as we were able to enroll the required sample size
calculated using scientific methods. The present study was not void of limitations. This
was a hospital-based study using convenience sampling. Hence, the study population may
not be representative of the general population. Since it was an observational study with
no follow-ups, the stability of adherence cannot be determined. In addition, the adherence
was self-reported and might have been affected by social desirability bias. This was a
cross-sectional study, so temporality cannot be established. It is possible that the patients
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with high medication were more likely to attend diabetes counseling rather than diabetes
counseling causing high medication adherence.

5. Conclusions

We conclude that there is high adherence to diabetes medication among patients with
type 2 diabetes attending the hospital setting in Nepal. Diabetes counseling may have a
positive impact on medication adherence. Further, low medication adherence was found
among less educated people. Diabetes management program designers should pay more
attention to reaching less educated patients, for whom nurse-run counseling on diabetes
management could be helpful.

Author Contributions: Conceptualization, P.S., A.S., BM.K. and B.E.K.; methodology, PS., A.S.,
B.M.K. and B.E.K,; software, None; validation, P.S., A.S., BM.K. and B.E.K.; formal analysis, P.S.,
A.S. and B.M.K,; investigation, P.S.; resources, P.S., A.S.,, BM.K. and B.EK,; data curation, PS;
writing—original draft preparation, P.S.; writing—review and editing, PS., A.S.,, BM.K,, D.EM.
and B.E.K,; visualization, P.S., A.S., BM.K. and B.E K,; supervision, A.S., BM.K. and B.E.K; project
administration, P.S., BM.K. and B.E.K.; funding acquisition, P.S. and B.E.K. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received internal funding from the Department of Public Health and Nursing,
Norwegian University of Science and Technology (NTNU), Trondheim, Norway.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by Regional Committee for Medical and Health Research Ethics (REK),
Norway [Ref no. 2016/826/REK midt]; Nepal Health Research Council (NHRC), Nepal [Reg no.
124/2016]; and Institutional Review Committee, Kathmandu University School of Medical Sciences
(IRC/ KUSMS) Nepal [Ref no. 96/16].

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data will be available on reasonable request from the corresponding author.

Acknowledgments: Authors would like to thank Ishwori Byanju, Sushma Basnet and Srijana KC for
collecting data. The authors also thank NTNU, Dhulikhel Hospital-Kathmandu University Hospital,
laboratory department of Dhulikhel Hospital and the study participants. Authors are grateful to
Monish Bajracharya for developing Open Data Kit and other technical assistance. Authors also
appreciate the American Diabetes Association (ADA) for accepting the abstract of this paper for
poster presentation on 78th Scientific Session of American Diabetes Association at Orlando, Florida
on 22nd to 26th June 2018. Authors are also thankful to Elin Yli Dvergsdal and Norwegian Research
School of Global Health for connecting with Nancy Eik-Nes to raise the level of this manuscript.

Conflicts of Interest: Donald E. Morisky is the developer/owner of the copyrighted and trade-
marked protected Morisky medication adherence scale and receives financial benefits for licensing his
copyrighted and trademarked intellectual property, namely the MMAS-4 and the MMAS-8. MMAS
Research (MORISKY), donald.morisky@moriskyscale.com. The remaining authors declare no con-
flict of interest. The funders had no role in the design of the study; in the collection, analyses, or
interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

Abbreviations

AOR Adjusted odds ratio
B Beta coefficient

CI Confidence interval
FBS Fasting blood sugar

IOR Interquartile range



Int. |. Environ. Res. Public Health 2023, 20, 1537 10 of 11

LMIC Low- and middle-income countries

MMAS-8 Morisky medication adherence scale-8 (© 2006 Donald E. Morisky)
OHA Oral hypoglycemic agents

SLC School Leaving Certificate

SD Standard deviation

OR Odds ratio

uUsD US Dollars

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

WHO. Diabetes 2022. Available online: https:/ /www.who.int/news-room/fact-sheets/detail /diabetes (accessed on 4 January
2023).

IDE. IDF Diabetes Atlas, 10th ed.; IDF: Brussels, Belgium, 2021.

Shrestha, D.B.; Budhathoki, P.; Sedhai, Y.R.; Marahatta, A.; Lamichhane, S.; Nepal, S.; Adhikari, A.; Poudel, A.; Nepal, S.; Atreya,
A. Type 2 Diabetes Mellitus in Nepal from 2000 to 2020: A systematic review and meta-analysis. F1000Research 2021, 10, 543.
[CrossRef]

Shrestha, N.; Mishra, S.R.; Ghimire, S.; Gyawali, B.; Mehata, S. Burden of Diabetes and Prediabetes in Nepal: A Systematic Review
and Meta-Analysis. Diabetes Ther. 2020, 11, 1935-1946. [CrossRef] [PubMed]

World Health Organization. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks; World Health
Organization: Geneva, Switzerland, 2009.

Pandey, A.R.; Aryal, K.K,; Shrestha, N.; Sharma, D.; Maskey, J.; Dhimal, M. Burden of Diabetes Mellitus in Nepal: An Analysis of
Global Burden of Disease Study 2019. J. Diabetes Res. 2022, 2022, 4701796. [PubMed]

Safiri, S.; Karamzad, N.; Kaufman, J.S.; Bell, A.W.; Nejadghaderi, S.A.; Sullman, M.J.; Moradi-Lakeh, M.; Collins, G.; Kolahi, A.A.
Prevalence, Deaths and Disability-Adjusted-Life-Years (DALYs) Due to Type 2 Diabetes and Its Attributable Risk Factors in 204
Countries and Territories, 1990-2019: Results From the Global Burden of Disease Study 2019. Front. Endocrinol. 2022, 13, 838027.
[CrossRef]

Shrestha, N.; Lohani, S.P.; Angdembe, M.R.; Bhattarai, K.; Bhattarai, ]. Cost of diabetes mellitus care among patients attending
selected outpatient clinics. J. Nepal Med. Assoc. 2013, 52, 343-348. [CrossRef]

Gupta, I.; Chowdhury, S. Correlates of out-of-pocket spending on health in Nepal: Implications for policy. WHO South-East Asia ].
Public Health 2014, 3, 238-246. [CrossRef]

ElSayed, N.A.; Aleppo, G.; Aroda, V.R.; Bannuru, R.R.; Brown, EM.; Bruemmer, D.; Collins, B.S.; Hilliard, M.E.; Isaacs, D.;
Johnson, E.L.; et al. 1. Improving Care and Promoting Health in Populations: Standards of Care in Diabetes—2023. Diabetes Care
2023, 46 (Suppl. 1), S10-S18. [CrossRef]

Kikkawa, R. Chronic complications in diabetes mellitus. Br. J. Nutr. 2000, 84, 5183-5185. [CrossRef]

Herkert, D.; Vijayakumar, P; Luo, J.; Schwartz, ].I.; Rabin, T.L.; DeFilippo, E.; Lipska, K.]J. Cost-related insulin underuse among
patients with diabetes. JAMA Intern. Med. 2019, 179, 112-114. [CrossRef]

Abebe, S.M.; Berhane, Y.; Worku, A.; Alemu, S.; Mesfin, N. Level of sustained glycemic control and associated factors among
patients with diabetes mellitus in Ethiopia: A hospital-based cross-sectional study. Diabetes Metab. Syndr. Obes. Targets Ther. 2015,
8, 65-71. [CrossRef]

Al-Qazaz, H.; Hassali, M.A.; Shafie, A.A; Sulaiman, S.A.; Sundram, S.; Morisky, D.E. The eight-item Morisky Medication
Adherence Scale MMAS: Translation and validation of the Malaysian version. Diabetes Res Clin Pract. 2010, 90, 216-221. [CrossRef]
[PubMed]

Huang, D.; Refaat, M.; Mohammedi, K.; Jayyousi, A.; Al Suwaidi, J.; Abi Khalil, C. Macrovascular Complications in Patients with
Diabetes and Prediabetes. Biomed. Res. Int. 2017, 2017, 7839101. [CrossRef] [PubMed]

Kopf, S.; Groener, ].B.; Kender, Z.; Fleming, T.; Bischoff, S.; Jende, J.; Schumann, C.; Ries, S.; Bendszus, M.; Schuh-Hofer, S.; et al.
Deep phenotyping neuropathy: An underestimated complication in patients with pre-diabetes and type 2 diabetes associated
with albuminuria. Diabetes Res. Clin. Pract. 2018, 146, 191-201. [CrossRef] [PubMed]

Elsous, A.; Radwan, M.; Al-Sharif, H.; Abu Mustafa, A. Medications adherence and associated factors among patients with type 2
diabetes mellitus in the Gaza Strip, Palestine. Front. Endocrinol. 2017, 8, 100. [CrossRef]

Atekha, B.O. Factors Associated with Adherence to Diabetes Medication among Individuals with Type 2 Diabetes in Cambridge,
Ontario, Canada. Ph.D. Thesis, Walden University, Minneapolis, MN, USA, 2018.

Abebaw, M.; Messele, A.; Hailu, M.; Zewdu, F. Adherence and Associated Factors towards Antidiabetic Medication among
Type II Diabetic Patients on Follow-Up at University of Gondar Hospital, Northwest Ethiopia. Adv. Nurs. 2016, 2016, 8579157.
[CrossRef]

Feldman, B.S.; Cohen-Stavi, C.J.; Leibowitz, M.; Hoshen, M.B.; Singer, S.R.; Bitterman, H.; Lieberman, N.; Balicer, R.D. Defining
the role of medication adherence in poor glycemic control among a general adult population with diabetes. PLoS ONE 2014, 9,
€108145. [CrossRef] [PubMed]

Shrestha, K.D.; Takma, K.; Ghimire, R. Adherence to Therapeutic Regimen in Diabetic Patients Attending a Tertiary Level
Hospital. J. Inst. Med. Nepal 2020, 42, 47-53. [CrossRef]


https://www.who.int/news-room/fact-sheets/detail/diabetes
http://doi.org/10.12688/f1000research.53970.2
http://doi.org/10.1007/s13300-020-00884-0
http://www.ncbi.nlm.nih.gov/pubmed/32712902
http://www.ncbi.nlm.nih.gov/pubmed/36582811
http://doi.org/10.3389/fendo.2022.838027
http://doi.org/10.31729/jnma.2114
http://doi.org/10.4103/2224-3151.206746
http://doi.org/10.2337/dc23-S001
http://doi.org/10.1079/096582197388653
http://doi.org/10.1001/jamainternmed.2018.5008
http://doi.org/10.2147/DMSO.S75467
http://doi.org/10.1016/j.diabres.2010.08.012
http://www.ncbi.nlm.nih.gov/pubmed/20832888
http://doi.org/10.1155/2017/7839101
http://www.ncbi.nlm.nih.gov/pubmed/29238721
http://doi.org/10.1016/j.diabres.2018.10.020
http://www.ncbi.nlm.nih.gov/pubmed/30389624
http://doi.org/10.3389/fendo.2017.00100
http://doi.org/10.1155/2016/8579157
http://doi.org/10.1371/journal.pone.0108145
http://www.ncbi.nlm.nih.gov/pubmed/25259843
http://doi.org/10.3126/jiom.v42i2.37537

Int. |. Environ. Res. Public Health 2023, 20, 1537 11 of 11

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Shrestha, S.S.; Shakya, R.; Karmacharya, B.M.; Thapa, P. Medication adherence to oral hypoglycemic agents among type II
diabetic patients and their clinical outcomes with special reference to fasting blood glucose and glycosylated hemoglobin levels.
Kathmandu Univ. Med. ]. (KUM]) 2013, 11, 226-232. [CrossRef]

Sah, B.; Basyal, D.; Gaire, A. Medication Non-Adherence among Type-II Diabetes Mellitus Out-Patients Attending at Tertiary
Care Hospital, Nepal. Clin. Pharmacol. Biopharm. 2021, 10, 2.

Bhattarai, B.; Bista, B.; Shrestha, S.; Budhathoki, B.; Dhamala, B. Contributing factors of non-adherence to treatment among the
patients with type II diabetes mellitus. J. Manmohan Meml. Inst. Health Sci. 2019, 5, 68-78. [CrossRef]

Kafle, N.K.; Poudel, R.R.; Shrestha, S.M. Noncompliance to diet and medication among patients with type 2 diabetes mellitus in
selected hospitals of Kathmandu, Nepal. J. Soc. Health Diabetes 2018, 6, 90-95. [CrossRef]

Sapkota, S.; Brien, J.-A.E.; Aslani, P. Nepalese patients’ anti-diabetic medication taking behaviour: An exploratory study. Ethn.
Health 2018, 23, 718-736. [CrossRef] [PubMed]

Wong, M.C.; Wu, C.H.; Wang, H.H.; Li, HW.; Hui, EM,; Lam, A.T.; Chung, R.Y.; Yip, B.H.; Morisky, D.E. Association between the
8-item Morisky medication adherence scale (MMAS-8) score and glycaemic control among Chinese diabetes patients. J. Clin.
Pharmacol. 2015, 55, 279-287. [CrossRef] [PubMed]

Shakya, P.; Shrestha, A.; Karmacharya, B.M.; Kulseng, B.E. Glycemic Control and Its Association with Medication Adherence
among Type 2 Diabetes Mellitus Patients in Nepal—A Hospital based Cross-Sectional Study in Dhulikhel Hospital, Nepal.
Master’s Thesis, Norwegian University of Science and Technology, Trondheim, Norway, 2017.

Morisky, D.E.; Ang, A.; Krousel-Wood, M.; Ward, H.J. Predictive validity of a medication adherence measure in an outpatient
setting. J. Clin. Hypertens. 2008, 10, 348-354. [CrossRef] [PubMed]

Berlowitz, D.R.; Foy, C.G.; Kazis, L.E.; Bolin, L.P.; Conroy, M.B.; Fitzpatrick, P.; Gure, T.R.; Kimmel, P.L.; Kirchner, K.; Morisky,
D.E; et al. Effect of intensive blood-pressure treatment on patient-reported outcomes. N. Engl. J. Med. 2017, 377, 733-744.
[CrossRef]

Bress, A.P.; Bellows, B.K.; King, ].B.; Hess, R.; Beddhu, S.; Zhang, Z.; Berlowitz, D.R.; Conroy, M.B.; Fine, L.; Oparil, S.; et al.
Cost-effectiveness of intensive versus standard blood-pressure control. N. Engl. |. Med. 2017, 377, 745-755. [CrossRef]

Koju, R.; Karmacharya, B.M.; Shrestha, A K.; Shrestha, S.; Shakya, P; Yogal, C.; Humagain, S.; Gyawali, P.; Amatya, B.; Fitzpatrick,
A. Design of the Dhulikhel Heart Study (DHS): The epidemiology of emerging cardiovascular disease in Nepal. Ann. Glob. Health
2014, 3, 204-205. [CrossRef]

Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Getzsche, P.C.; Vandenbroucke, J.P.,; Strobe Initiative. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Ann.
Intern. Med. 2007, 147,573-577. [CrossRef]

MuKherjee, S.; SharMaSarKar, B.; DaS, K.K.; Bhattacharyya, A.; Deb, A. Compliance to anti-diabetic drugs: Observations from
the diabetic clinic of a medical college in kolkata, India. J. Clin. Diagn. Res. [CDR 2013, 7, 661. [CrossRef]

Powers, M.A; Bardsley, J.; Cypress, M.; Duker, P.; Funnell, M.M.; Hess Fischl, A.; Maryniuk, M.D.; Siminerio, L.; Vivian, E.
Diabetes self-management education and support in type 2 diabetes: A joint position statement of the American Diabetes
Association, the American Association of Diabetes Educators, and the Academy of Nutrition and Dietetics. Diabetes Educ. 2017,
43, 40-53. [CrossRef]

Cornell, S.; McKoy, ].M.; Letassy, N.; Haas, L.; Boren, S.A.; Fitzner, K.A.; Quintana, M. Taking medication in diabetes self-
management: Issues and recommendations for reducing barriers. Am. J. Pharm. Benefits 2011, 3, 263-271.

Tavares, N.U.L,; Bertoldi, A.D.; Thume, E.; Facchini, L.A.; Franga, G.V.A.D.; Mengue, S.S. Factors associated with low adherence
to medication in older adults. Rev. De Saude Publica 2013, 47, 1092-1101. [CrossRef]

Tiv, M,; Viel, ].E; Mauny, E; Eschwege, E.; Weill, A.; Fournier, C.; Fagot-Campagna, A.; Penfornis, A. Medication adherence in
type 2 diabetes: The ENTRED study 2007, a French population-based study. PLoS ONE 2012, 7, e32412. [CrossRef] [PubMed]
Marinho, ES.; Moram, C.; Rodrigues, P.C.; Leite, N.C.; Salles, G.E.; Cardoso, C.R. Treatment adherence and its associated factors
in patients with type 2 diabetes: Results from the Rio de Janeiro type 2 diabetes cohort study. J. Diabetes Res. 2018, 2018, 8970196.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3126/kumj.v11i3.12510
http://doi.org/10.3126/jmmihs.v5i1.24075
http://doi.org/10.1055/s-0038-1675687
http://doi.org/10.1080/13557858.2017.1294659
http://www.ncbi.nlm.nih.gov/pubmed/28277019
http://doi.org/10.1002/jcph.408
http://www.ncbi.nlm.nih.gov/pubmed/25293349
http://doi.org/10.1111/j.1751-7176.2008.07572.x
http://www.ncbi.nlm.nih.gov/pubmed/18453793
http://doi.org/10.1056/NEJMoa1611179
http://doi.org/10.1056/NEJMsa1616035
http://doi.org/10.1016/j.aogh.2014.08.119
http://doi.org/10.7326/0003-4819-147-8-200710160-00010
http://doi.org/10.7860/JCDR/2013/5352.2876
http://doi.org/10.1177/0145721716689694
http://doi.org/10.1590/S0034-89102013000901092
http://doi.org/10.1371/journal.pone.0032412
http://www.ncbi.nlm.nih.gov/pubmed/22403654
http://doi.org/10.1155/2018/8970196

	Introduction 
	Materials and Methods 
	Outcome 
	Exposures 

	Results 
	Discussion 
	Conclusions 
	References

