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Abstract

Objective: To investigate the risk factors of medication nonadherence in patients with type 2

diabetes mellitus (T2DM) and to establish a risk nomogram model.

Methods: This retrospective study enrolled patients with T2DM, which were divided into two

groups based on their scores on the Morisky Medication Adherence scale. Univariate and mul-

tivariate logistic regression analyses were used to screen for independent risk factors for med-

ication nonadherence. A risk model was then established using a nomogram. The accuracy of the

prediction model was evaluated using centrality measurement index and receiver operating char-

acteristic curves. Internal verification was evaluated using bootstrapping validation.

Results: A total of 338 patients with T2DM who included in the analysis. Logistic regression

analysis showed that the educational level, monthly per capita income, drug affordability, the

number of drugs used, daily doses of drugs and the time spent taking medicine were all independent

risk factors for medication nonadherence. Based on these six risk factors, a nomogram model was
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established to predict the risk of medication nonadherence, which was shown to be very reliable.

Bootstrapping validated the nonadherence nomogram model for patients with T2DM.

Conclusions: This nomogram model could be used to evaluate the risks of drug nonadherence

in patients with T2DM.
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Introduction

Diabetes Mellitus (DM) is a common meta-
bolic disease, which is characterized by high
blood glucose caused by a lack of insulin

secretion or insufficient response of peripher-
al tissues to insulin.1 Type 2 diabetes mellitus
(T2DM) accounts for more than 90% of DM

patients.2 According to a survey by the US
Centers for Disease Control and Prevention
in 2020, the number of DM patients in the

US was as high as 34.2 million.3 There are
approximately 420 million DM patients

worldwide and the number of patients is
expected to reach 642 million by 2040.4 The
latest epidemiological data for DM and pre-

diabetes in China were published in 2013.5 In
2013, 10.9% of Chinese residents suffered
from DM,6 which was lower than previously

published data for China (11.6%) from
2010;6 but was close to the prevalence of
12–14% reported for the US in 2011–

2012.6,7 The prevalence of prediabetes in
China was 35.7%, with an estimated popula-

tion of 388 million.6 At present, the main
treatment of DM is drug treatment.
However, there is evidence that 55% of

patients do not know how to use drugs cor-
rectly, 80% of patients have never been told
of the possible side-effects and 30–50% of

patients have poor medication adherence.8

Medication nonadherence is affected by mul-

tiple factors such as socioeconomic factors

(social stress, emotional problems, marital
status, family harmony), condition-related
factors (health status, work strength, medical
insurance), therapy-related factors (medicine
dose, type of medicine, medicine amount,
side-effects, medicine-related questions) and
patient-related factors (age, sex, employment,
income, education level, distance to hospi-
tal).9 Considering the number of associated
risk factors for medication adherence, accu-
rate tools for predicting drug nonadherence
so that early interventions can be used might
offer the most effective way to prevent drug
nonadherence.

This current study used univariate and
multivariate logistic regression analyses to
screen for independent risk factors for med-
ication nonadherence in a Chinese popula-
tion of patients with T2DM. A risk model
was then established using the nomogram
model and the accuracy of the prediction
model was evaluated using centrality mea-
surement index (C-index) and receiver oper-
ating characteristic (ROC) curves. Internal
verification was evaluated using the boot-
strapping validation method.

Patients and methods

Study population

This retrospective study enrolled consecu-
tive patients with T2DM treated in the
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Department of Gastroenterology, Lu’an
Hospital Affiliated to Anhui Medical
University, Lu’an, Anhui Province, China
between October 2017 and September
2018. The inclusion criteria were as follows:
(i) patients that met the clinical diagnostic
criteria for DM based on the 2017
American Diabetes Association
Guidelines;10 (ii) patients that provided
informed consent to participate. The exclu-
sion criteria were as follows: (i) patients
with major medical history or impaired
vital organ function; (ii) patients with a his-
tory of mental illness or no cognitive func-
tion; (iii) patients with coagulopathy; (iv)
patients not treated with a basal bolus insu-
lin regimen; (iv) incomplete patient infor-
mation or medical records.

This study was approved by the Ethics
Committee of Lu’an Hospital Affiliated to
Anhui Medical University, Lu’an, Anhui
Province, China (February 2017, China; lot
number: Six Medical Ends [2017] No. [006]).
Written informed consent was obtained from
all patients. The reporting of this study con-
forms with the STROBE statement.11 This
study has de-identified all patient data.

Adherence assessment questionnaire

The Morisky Medication Adherence
Questionnaire was used for the adherence
assessment (Table 1).12 It contains eight
questions: (1) do you sometimes forget to
take your medicine?; (2) in the past
2 weeks, did you forget to take the medicine
one or a few days?; (3) have you ever cut
back or stopped taking your medication
without telling your doctor because you
felt worse when you took it?; (4) when
you travel or leave home for a long time,
do you sometimes forget to take your med-
icine with you?; (5) did you take the medi-
cine yesterday?; (6) when you feel that your
symptoms are under control, do you some-
times stop taking your medication?; (7) do
you find it difficult to stick to the treatment

plan?; (8) do you find it difficult to remem-

ber to take the medicine on time and in the

right amount? The scores on the Morisky

Medication Adherence Questionnaire

range from 0 to 8, with scores of <6 reflect-

ing low, 6 to <8 reflecting medium and

8 reflecting high adherence. The positivity

criterion for non-adherence is <6.

Data collection

In addition to the Morisky Medication

Adherence Questionnaire, other risk-

related data were collected according to a

review of the literature.13 Data included

each patient’s personal demographic data

(sex, age, negative emotion, monthly per

capita income, marital status). Negative

emotion was assessed using the Hamilton

Anxiety Scale (HAMA) and the Hamilton

Depression Scale (HAMD) (24-item

version) to assess anxiety and depres-

sion.14,15 The HAMA covers 14 items and

if the score is >14 points then the patient is

considered to have anxiety. A HAMD score

>20 points is indicative that depression is

present. A HAMA score >14 points or a

HAMD score >20 points was considered

as being indicative of negative emotion.14,15

Family and social factors (family reminder

of medication, family attention to treat-

ment, family financial support and medical

insurance) and drug factors (the number of

drugs used, the number of insulin injections

used, the number of times of daily medica-

tion, the time spent in taking drugs and

adverse drug reactions) were also includ-

ed.16 The entire research process was

conducted following confidentiality regula-

tions. Detailed explanation of the research

objectives and methods was provided to the

patients.

Statistical analyses

All statistical analyses were performed

using IBM SPSS Statistics for Windows,
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Version 20.0 (IBM Corp., Armonk, NY,

USA). Categorical data were analysed

using v2-test. The screening factors were

selected using a logistic regression equation.

The score model was determined using R

language to draw the nomogram. The

Bootstrap method was used to repeat the

sampling 1000 times for the internal verifi-

cation of the nomogram model. Harrell

C-statistics were used to calculate the

C-index to evaluate the distinction degree

of the model. A P-value <0.05 was consid-

ered statistically significant.

Results

This retrospective study enrolled 338

patients with T2DM. Of these 338 patients,

203 were male and 135 were female. The

mean�SD age was 49.82� 9.85 years

(range, 39–67 years). Among the patients

with T2DM, 226 patients had good medica-

tion adherence and 112 patients had poor

medication adherence. There were signifi-

cant differences between the two groups in

educational level, monthly per capita

income, negative emotion, family members

reminding patient to take medicine, drug

affordability, the number of drugs used,

daily doses and time spent in taking medi-

cine (P< 0.05 for all comparisons)

(Table 2). There were no significant differ-

ences between the other characteristics.
A binary logistic regression analysis was

conducted on the general clinical data,

including educational level, monthly per

capita income, negative emotions, family

reminders of medication, affordability of

medication, types of medication, number

of daily doses and time spent in taking med-

icines. The results showed that there was no

statistical difference between negative

Table 1. The Morisky Medication Adherence Scale.

Questions Options

(1) Do you sometimes forget to take your medicine? h Yes h No

(2) In the past 2 weeks, did you forget to take the medicine

for one or a few days?

h Yes h No

(3) Have you ever cut back or stopped taking your medi-

cation without telling your doctor because you felt

worse when you took it?

h Yes h No

(4) When you travel or leave home for a long time, do you

sometimes forget to take your medicine with you?

h Yes h No

(5) Did you take all your medicine yesterday? h Yes h No

(6) When you feel like your symptoms are under control,

do you sometimes stop taking your medication?

h Yes h No

(7) Do you find it difficult to stick to the treatment plan? h Yes h No

(8) Do you find it difficult to remember to take the medi-

cine on time and in the right amount?

h Never h Occasionally

h Sometimes h Often

h All the time

The alternative answers for questions 1–7 are ‘yes’ or ‘no’: answer ‘yes’, 0 points,

‘no’, 1 point. For the answer to question 5, the scoring is reversed. The alternative

answer for question 8 is ‘never’, ‘occasionally’, ‘sometimes’, ‘often’, ‘all the time’,

which score 1 point, 0.75 point, 0.50 point, 0.25 point and 0 point, respectively.

The scale has a total score of 8 points. A score of <6 points indicates poor

compliance. A score of 6–8 points indicates moderate compliance. A score of

8 points indicates good compliance.
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Table 2. Demographic and clinical characteristics of the patients (n¼ 338) with type 2 diabetes mellitus
(T2DM) that were included in this study to identify the risk factors for medication nonadherence.

Characteristic

Adherence

group

n¼ 226

Nonadherence

group

n¼ 112

Statistical

analysesa

Personal factors

Sex Male 133 (58.85) 70 (62.50) NS

Female 93 (41.15) 42 (37.50)

Age, years �55 186 (82.30) 83 (74.11) NS

>55 40 (17.70) 29 (25.89)

Marital status Married 185 (81.86) 84 (75.00) NS

Other marital

status

41 (18.14) 28 (25.00)

Education level, years 0–9 90 (39.82) 53 (47.32) P< 0.001

10–12 77 (34.07) 44 (39.29)

>12 59 (26.11) 15 (13.39)

Monthly per capita

income (yuan)

0–2000 45 (19.91) 30 (26.79) P< 0.001

2001–5000 86 (38.05) 58 (51.79)

>5000 95 (42.04) 24 (21.43)

Chronic complication Yes 55 (24.34) 22 (19.64) NS

No 171 (75.66) 90 (80.36)

With chronic diseases Yes 97 (42.92) 51 (45.54) NS

No 129 (57.08) 61 (54.46)

Negative emotion Yes 50 (22.12) 36 (32.14) P¼ 0.047

No 176 (77.88) 76 (67.86)

Family DM history Yes 69 (30.53) 24 (21.43) NS

No 157 (69.47) 88 (78.57)

Family and social factors

Family members remind

to take medicine

Yes 142 (62.83) 57 (50.89) P¼ 0.036

No 84 (37.17) 55 (49.11)

Family focused therapy Yes 146 (64.60) 64 (57.14) NS

No 80 (35.40) 48 (42.86)

Family financial support Yes 137 (60.62) 60 (53.57) NS

No 89 (39.38) 52 (46.43)

Medical insurance New rural

cooperative

medical system

100 (44.25) 56 (50.00) NS

Urban medical

insurance

119 (52.65) 52 (46.43)

Others 7 (3.10) 4 (3.57)

Receive T2DM education Yes 142 (62.83) 80 (71.43) NS

No 84 (37.17) 32 (28.57)

Community doctor

follow-up

Yes 140 (61.95) 77 (68.75) NS

No 86 (38.05) 35 (31.25)

(continued)
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emotions and family reminders of medica-
tion. Multivariate logistic regression analy-
ses demonstrated that educational level
(odds ratio [OR] 1.615, 95% confidence
interval 95% [CI] 1.150, 2.268), monthly
per capita income (OR 1.619, 95% CI
1.126, 2.329), drug affordability (OR
1.933, 95% CI 1.328, 2.812), the number
of drugs used (OR 1.726, 95% CI 1.035,
2.876), the number of daily doses (OR
0.479, 95% CI 0.311, 0.737) and the time
spent in taking medicine (OR 2.083, 95%
CI 1.216, 3.566) were an independent risk
factor for medication nonadherence in
patients with T2DM (P< 0.05) (Table 3).

As shown in Figure 1, this study estab-
lished a nomogram model to predict the
risk of medication nonadherence in T2DM
patients through six independent risk fac-
tors: education level, monthly per capita

income, drug affordability, number of
drugs used, number of daily doses and
time spent in drug taking. As shown in
Figure 2, the predicted value verified was
basically consistent with the observed
value, which indicates that the nomogram
prediction model in this study was very reli-
able. At the same time, the bootstrap inter-
nal verification method was used to verify
the nomogram model for medication non-
adherence in patients with T2DM. As
shown in Figure 3, the C-index was 0.749
(95% CI 0.720, 0.778). It was shown that
the nomogram model of this study was
accurate and precise (Figure 4).

Discussion

Nomogram modelling is a reliable statisti-
cal tool that is widely used and can be

Table 2. Continued.

Characteristic

Adherence

group

n¼ 226

Nonadherence

group

n¼ 112

Statistical

analysesa

Relation between

doctors and patient

Harmonious 147 (65.04) 62 (55.36) NS

Not harmonious 79 (34.96) 50 (44.64)

Drug affordability Not at all 36 (15.93) 31 (27.68) P< 0.001

Basic requirements met 97 (42.92) 57 (50.89)

Fully capable 93 (41.15) 24 (21.43)

Drug factors

The number of drugs used 0–2 154 (68.14) 54 (48.21) P< 0.001

>2 72 (31.86) 58 (51.79)

Use of insulin Yes 36 (15.93) 26 (23.21) NS

No 190 (84.07) 86 (76.79)

The number of daily doses 0–2 171 (75.66) 67 (59.82) P¼ 0.011

3 44 (19.47) 36 (32.14)

>3 11 (4.87) 9 (8.04)

Time spent in taking

medicine, h

0–3 117 (51.77) 45 (40.18) P¼ 0.045

>3 109 (48.23) 67 (59.82)

Medication side-effects Yes 23 (10.18) 16 (14.29) NS

No 203 (89.82) 96 (85.71)

Interval time, weeks 0–2 67 (29.65) 44 (39.29) NS

>2 159 (70.35) 68 (60.71)

Data presented as n of patients (%).
aCategorical data were compared using v2-test; NS, no significant between-group difference (P � 0.05).
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qualified for most clinical event prediction

models.17,18 It adopts a very intuitive chart

representation method, which makes it very

simple and easy to interpret the risk

model.19,20 In this current study, a risk pre-

diction model was established for medica-

tion nonadherence in patients with T2DM

by using a nomogram. The verification of

the model by ROC curve, bootstrap inter-

nal verification method and C-index dem-

onstrated that the predicted value and the

observed value were basically consistent,

indicating that the nomogram prediction

model of this current study was reliable.

This model may be used to guide clinicians

in making appropriate treatments for

Table 3. Results of multivariate logistic regression analysis of the risk factors for medication nonadherence
in patients (n¼ 338) with type 2 diabetes mellitus.

Risk factor

Regression

coefficient

Standard

error

Wald

value P-value

Odds

ratio

95% confidence interval

Lower limit Upper limit

Education level 0.48 0.173 7.668 P¼ 0.006 1.615 1.150 2.080

Monthly per capita

income

0.482 0.185 6.748 P¼ 0.009 1.619 1.126 2.112

Drug affordability 0.659 0.191 11.859 P¼ 0.001 1.933 1.328 2.538

The number of

drugs used

0.546 0.261 4.384 P¼ 0.036 1.726 1.035 2.417

Daily doses –0.737 0.22 11.225 P¼ 0.001 0.479 0.311 0.647

Time spent in taking

medicine

0.734 0.274 7.148 P¼ 0.008 2.083 1.216 2.950

Constant –2.183 0.664 10.812 P¼ 0.001 0.113

Figure 1. Establishment of a nomogram risk model for predicting medication nonadherence in patients
with type 2 diabetes mellitus.
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patients with T2DM. During the establish-

ment of the model, six risk factors were

screened and identified to predict the risk

of medication nonadherence, which were

the level of education, monthly per capita

income, affordability of drugs, number of

drugs used, number of daily doses and

time taken to take medicine. Based on the

nomogram model, among the six risk fac-

tors, the number of daily doses was the larg-

est risk factor, followed by the ability to

afford the drugs, and then the educational

level, the monthly per capita income, the

time taken to take the medicine and the

number of medicines used.

Figure 2. Validation of the nomogram model for
predicting medication nonadherence risk in patients
with type 2 diabetes mellitus. The y-axis measures
the net benefit. The dotted line represents the
medication nonadherence risk nomogram. The thin
solid line represents the assumption that all
patients are nonadherent to medication. The thick
solid line represents the assumption that no
patients are nonadherent to medication. The
decision curve showed that if the threshold
probability of a patient and a doctor is 32 and 84%,
respectively, using this nonadherence nomogram
in the current study to predict medication
nonadherence risk adds more benefit than
the intervention-all-patients scheme or the
intervention-none scheme. The colour version of
this figure is available at: http://imr.sagepub.com.

Figure 3. The nomogram model predicted the
receiver operating characteristic curve of medica-
tion nonadherence in patients with type 2 diabetes
mellitus. AUC, area under the curve. The colour
version of this figure is available at: http://imr.sage
pub.com.

Figure 4. Calibration curve of nomogram model
for predicting medication nonadherence in patients
with type 2 diabetes mellitus. B¼ 1000 repetitions,
boot mean absolute error¼ 0.019, n¼ 338. The
x-axis represents the predicted medication
nonadherence risk. The y-axis represents the actual
diagnosed nonadherence. The diagonal dotted line
represents a perfect prediction by an ideal model.
The solid line represents the performance of the
nomogram, of which a closer fit to the diagonal
dotted line represents a better prediction.
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In this current study, the problems relat-
ed to drugs were the most key factors affect-
ing drug adherence, which showed that the
patient adherence score was negatively cor-
related with drug factors such as the
number of daily doses, the number of
drugs used and the time spent on taking
drugs. That is, the more times patients
take drugs per day, the more types they
take and the longer it takes to take their
drugs, the worse their adherence. Similar
results were found in patients with hyper-
tension21 and hyperthyroidism.22 Previous
research found that excessive oral medica-
tion not only reduced patients’ drug adher-
ence, but also further negatively affected
their quality of life.23 These studies suggest
that clinicians should adopt sustained-
release and compound preparations to
reduce the number of times, types and
dosage of medication, so as to improve
patients’ drug adherence and improve the
therapeutic effect.22,23 Studies on the treat-
ment of various chronic diseases have
found that large prescription quantity by
physicians can increase patients’ psycholog-
ical burden, which is significantly negatively
correlated with drug adherence.24–26

Patients’ poor medication adherence and
unsatisfactory treatment effect lead indi-
rectly to the increase of prescription quan-
tity.27 Moreover, the increase of
prescription quantity further decreases the
adherence of patients, thus forming a
vicious cycle.

Similar to previous studies, the educa-
tional level, monthly per capita income
and affordability of drugs were also closely
related to the patient’s medication adher-
ence.28,29 The higher the educational level
and the higher the income, the higher the
adherence.30 The reasons for why patients
with a higher educational level have better
drug adherence might be as follows. First,
they have a greater ability and willingness
to acquire knowledge related to diseases
and are more knowledgeable about the

necessity of taking medicine according to
prescription. Secondly, the understanding
of the side-effects of the drugs is objective
rather than exaggerated, so they have the
willingness to insist on taking drugs. In
addition, low drug affordability may lead
to poor adherence, which is consistent
with the monthly per capita income level.
Higher monthly per capita income results
in better drug adherence suggesting that
low income and high medication costs are
risk factors for poor adherence.31 Although
increasing medication adherence will
increase the cost of medication for patients,
it actually creates potential cost savings by
reducing the likelihood of hospitalization
and emergency visits in the long run.32

Therefore, in order to improve the impact
of economic factors on patients’ drug
adherence, the government should increase
the national health care budget, decrease
drug prices and elevate the drug reimburse-
ment ratio to provide affordable and effec-
tive healthcare for patients with chronic
diseases such as T2DM, hypertension and
cardiovascular diseases.

The nomogram is a graph with visualized
line segments that is based on multifactor
regression analysis, integrates multiple clin-
ical indicators and is used to predict the
probability of a certain clinical outcome.
Although there are many research reports
of this kind,33,34 none of the research
reports can really be used for practical clin-
ical needs.35 The nomogram model of this
current research can be used by clinicians
for the evaluation of nonadherence risk in
the Chinese type 2 diabetes mellitus
population.

This current study had several limita-
tions. First, all of the patients were from
the same hospital and the sample size was
limited. The differences in epidemiology
and clinical behaviour of different races
were not considered. Secondly, because of
the subjective problems of patients, the
results of the scale may be biased.36

Wang et al. 9



This model needs to be further validated
with other clinical data from different geo-
graphical areas and countries. A larger and
more diverse sample is required for external
validation to evaluate the reliability of this
model.

In summary, this current retrospective
study developed a large database by collect-
ing and collating previous clinical data from
patients with T2DM. Through statistical
analysis of these data, a novel mathematical
model for predicting the risk of medication
adherence in patients with T2DM was
established. This nomogram prediction
model may will help clinicians to make indi-
vidualized medication adherence risk pre-
dictions for each patient with T2DM to
guide the development of follow-up treat-
ment options.
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