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ABSTRACT

Introduction: Although poor adherence to
insulin is widely recognised, periodic discon-
tinuation of insulin may cause more severe

hyperglycaemia than poor adherence. We
assessed persistence with insulin therapy in
patients with type 1 (T1D) or type 2 diabetes
(T2D) in developing countries and the reasons
for insulin discontinuation.
Methods: The International Diabetes Manage-
ment Practices Study collected real-world data
from developing countries in seven waves
between 2005 and 2017. In Wave 7
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(2016–2017), we asked adult patients with T1D
and insulin-treated T2D to report whether they
had ever discontinued insulin, the estimated
duration of discontinuation and underlying
reasons.
Results: Among 8303 patients recruited from
24 countries by 620 physicians, 4596 were
insulin-treated (T1D: 2000; T2D: 2596). In
patients with T1D, 14.0% (95% CI: 12.5–15.6)
reported having self-discontinued insulin for a
median duration of 1.0 month (IQR: 0.5, 3.5).
The respective figures in patients with T2D were
13.7% (12.4–15.1) and 2.0 months (IQR: 1.0,
6.0). The main reasons for discontinuation were
impact on social life (T1D: 41.0%; T2D: 30.5%),
cost of medications and test strips (T1D: 34.4%;
T2D: 24.5%), fear of hypoglycaemia (T1D:
26.7%; T2D: 28.0%) and lack of support (T1D:
26.4%; T2D: 25.9%). Other factors included

age\40 years, non-university education and
short disease duration (T1D: B 1 year;
T2D:[1–B 5 years). Patients with T1D who did
not perform self-monitoring of blood glucose
(SMBG) or self-adjust their insulin dosage, and
patients with T1D or T2D without glucose
meters were less likely to persist with insulin.
Nearly 50% of patients who reported poor per-
sistence had HbA1c[75 mmol/mol ([9%)
and[50% of physicians recommended diabetes
education programmes to improve treatment
persistence.
Conclusion: In developing countries, poor per-
sistence with insulin is common among insulin-
treated patients, supporting calls for urgent
actions to ensure easy access to insulin, tools for
SMBG and education.
Graphical Abstract:
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Key Summary Points

Why carry out this study?

In developing countries, there are multiple
barriers to persistence with insulin
therapy, including access, cost and
support, but data are limited on the
magnitude of non-persistence and
underlying reasons for this in insulin-
requiring patients in developing
countries.

Our study aimed to determine what
proportion of patients with type 1 (T1D)
or type 2 diabetes (T2D) did not persist
with their insulin therapy, and why.

What was learned from the study?

One in seven insulin-treated patients
(T1D: 14.0% and T2D: 13.7%) in
developing countries reported non-
persistence with insulin, with an average
duration of discontinuation of
1–2 months; fear of hypoglycaemia,
impact on social life, cost of medications/
strips and lack of support were the main
reasons reported for poor persistence with
insulin therapy.

In patients with T1D or T2D, young age
(\40 years), recent diagnosis
T1D: B 1 year; T2D:[1–B 5 years), lower
levels of education and lack of self-
monitoring of blood glucose (SMBG) tools
were associated with poor persistence with
insulin therapy.

Reform of diabetes care delivery is needed
to close care gaps and improve persistence
with insulin therapy, including providing
resources, building capacity and
implementing policies to ensure easy
access to insulin, education and SMBG
tools.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and graphical
abstract, to facilitate understanding of the arti-
cle. To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.14333630.

INTRODUCTION

Diabetes affects 463 million people worldwide,
80% of whom live in developing countries [1]
where disease patterns and standards of care
practices are largely unknown. While type 1
diabetes (T1D) is characterised by absolute
insulin deficiency, often due to autoimmunity,
patients with type 2 diabetes (T2D) often have
inadequate insulin secretion to control blood
glucose. The latter can be influenced by, but are
not limited to, genetic, lifestyle and environ-
mental factors [2, 3]. In both white and non-
white populations, 10–20% of adult patients
with T2D have significant insulin deficiency
due to autoimmune or genetic causes and/or
long disease duration, notably those with low
body mass index (BMI) and young age at onset
of disease [4].

Insulin therapy is essential for survival in
patients with T1D, while many patients with
T2D eventually require insulin therapy upon
failure with oral glucose-lowering drugs
(OGLDs) [5]. In closely monitored clinical trial
settings, insulin is highly efficacious in helping
patients reach their recommended glycaemic
goal, often defined as HbA1c\53 mmol/mol
(\7.0%) [6]. However, this is often not achieved
in real-world practice in either developed and
developing countries.[7–10] Apart from delayed
treatment intensification [9, 11] and inappro-
priate insulin regimen selection by physicians
(including dose, frequency or insulin type),
patients’ non-adherence to treatment regimen
can lead to poor glycaemic control [12]. To this
end, lack of persistence with insulin therapy can
result in more severe hyperglycaemia than
continuing treatment with suboptimal adher-
ence to dosage or frequency.

In developed countries, common barriers to
insulin initiation, titration and adherence
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include fear of hypoglycaemia, weight gain,
anxiety, lack of education regarding insulin
injection and insufficient communication
between physicians and patients [11, 13]. In
developing countries, poor access to care, lack
of free or subsidised medications, low levels of
general education, poor disease awareness and
lack of access to diabetes education and self-
management programs are additional factors
contributing to poor glycaemic control [14].
The extent to which these factors might influ-
ence persistence with insulin is largely
unknown in developing countries.

The International Diabetes Management
Study (IDMPS) is a large observational pro-
gramme which tracks patient profiles and care
patterns across time in developing countries,
against a backdrop of increasing knowledge and
technologies for improving diabetes care
[7, 15–20]. Over 6000 physicians from 49
countries across Africa, the Middle East, South
Asia, Latin America, Asia and Eurasia have par-
ticipated in the study. Data were collected using
structured case report forms in a series of
‘waves’, with each wave recruiting a new cohort
of patients. The first wave commenced in 2005
and, to date, seven waves of data have been
collected from 81,000 patients. Apart from a
standard set of data collected in all waves, each
wave also had a focus, such as defining deter-
minants for achieving glycaemic goal (Wave 1)
[15], use of healthcare resources (Wave 2) [16],
barriers to initiating insulin (Wave 3) [18],
hypoglycaemia (Wave 4), symptoms of depres-
sion (Wave 5) [20], and self-management (Wave
6). In a recent trend analysis of IDMPS data
from Waves 1–7, despite the increasing number
of therapy options and drug delivery systems,
there was no improvement in glycaemic control
in patients with T2D over time with less than
30% of insulin-treated patients achieving an
HbA1c goal of\53 mmol/mol (\7%) [7].

To understand the reasons for persistently
poor glycaemic control, especially in insulin-
treated patients, in Wave 7 of the IDMPS
(2016–2017), we examined two specific ques-
tions: (1) how common was self-discontinua-
tion of insulin in insulin-requiring patients, and
(2) what were the underlying reasons for poor
persistence with insulin?

METHODS

Study Design and Participants

The IDMPS is an ongoing multicentre, cross-
sectional study with published methodologies
[15]. In brief, during a 2-week recruitment per-
iod of the IDMPS Wave 7 (2016–2017), partici-
pating physicians were asked to enter details of
the first 5 patients with T1D and the first 10
patients with T2D who visited their clinics.
Participating physicians were selected based on
their experience with insulin therapy and could
participate in more than one wave of data col-
lection. All patients gave written informed
consent. Ethics approval was obtained from
institutional review boards in each country and
the study was conducted in accordance with the
Declaration of Helsinki. Details of the informed
consent form, along with information on
national coordinators and participating physi-
cians, can be found in the Supplementary
Materials. In the current wave, patients were
recruited from 24 countries across Africa, the
Middle East, South Asia, Latin America, Asia and
Eurasia.

Inclusion/Exclusion Criteria

Adults above the lower legal age limit (country-
specific) diagnosed with T1D or T2D were eli-
gible for inclusion. Exclusion criteria included
concomitant participation in another clinical
study, participation in a previous wave of
IDMPS and current receipt of temporary insulin
therapy for other underlying conditions.

Outcome Measures

The primary outcome of this analysis was the
proportion of insulin-treated patients with T1D
or T2D who had ever self-discontinued insulin,
defined as a positive response to the question
‘‘Has the patient ever discontinued insulin
therapy in the past?’’. If the response was ’yes’,
patients were asked to estimate the duration of
insulin discontinuation (in months) from
commencement of insulin treatment, although
all patients were treated with insulin at the time
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of the survey. No information was recorded on
the type of insulin that was omitted or the
number of missed injections. Reasons for poor
persistence were collected using pre-defined
fields and open-ended questions. Physicians
were able to record more than one reason for
discontinuation of therapy or lack of achieve-
ment of glycaemic goals. Other outcome mea-
sures included attainment of glycaemic goal
[HbA1c\53 mmol/mol (\7%) based on labo-
ratory results and physician-set individualised
HbA1c goal (yes/no)]. The latter was not pre-
defined, and the physician was not asked to
report these individualised goals. Other data
included clinical profiles and access to diabetes
education. Physicians were also asked to suggest
reasons for poor glycaemic control and strate-
gies to improve persistence with insulin
therapy.

Statistical Analysis

All eligible participants from 24 countries
without missing data on glucose-lowering drugs
were included. Among the 42 variables inclu-
ded, no imputation was performed for missing
data except for birth date (if missing, 15 was
imputed) or birth month (if missing, June was
imputed). Missing data were not counted in
percentages. Descriptive data were reported
using mean [standard deviation (SD)], median
[interquartile range (IQR)] and counts [per-
centage (%)] as appropriate. The primary out-
come was expressed with 95% confidence
interval (CI). Patients were analysed separately
by diabetes type (T1D or T2D). Patients with
T2D were further divided according to use of
insulin with or without OGLDs. Patients with
T1D or T2D were stratified according to whether
or not they were persistent with their insulin
therapy. Either Fisher’s Exact tests or Chi-
squared tests were used for group comparisons
as appropriate, with p values less than 0.05 (2-
tailed) being significant.

Sample size was determined on a country
basis based on the primary objective of IDMPS,
which was to assess the treatment patterns of
patients with T2D over time. The sample size
was calculated to give an estimate of the

proportion of patients with T2D treated with
insulin, assuming that insulin was the least-
prescribed therapy for these patients (see Sup-
plementary Methods). Physicians experienced
in using insulin were selected randomly after
stratification based on speciality. The number of
participating physicians recruited was based on
the country-specific estimated patient sample
size required.

RESULTS

Baseline Characteristics

Between 26 January 2016 and 13 October 2016,
8426 patients were recruited by 620 physicians
from 24 countries, with almost 40% of patients
being from Africa, mainly the Sub-Saharan
region (Table S1). The present analysis included
only insulin-treated patients, of whom 2000
patients had T1D and 2596 patients had T2D
(Table S2). The latter represented 42% of 6303
patients with T2D recruited in Wave 7. Patients
were predominantly White with approximately
80% living in urban areas and 30–50% had
received university or higher education
(Table 1). Patients with T1D had a mean age of
34 years, mean disease duration of 13.1 years
and mean HbA1c of 68 mmol/mol (8.4%).
Among the insulin-treated patients with T2D,
1936 received OGLDs plus insulin and 660
received insulin only, with mean ages of 57.8
and 59.9 years, respectively. The corresponding
mean HbA1c were 70 mmol/mol (8.6%) and
73 mmol/mol (8.8%). Insulin-treated patients
with T2D had longer disease duration than
those treated with OGLDs plus insulin (Table 1).

Patients with T1D

Insulin treatment, glycaemic goal attainment
and predictive factors of glycaemic control
Based on the last recorded HbA1c, less than 25%
of patients with T1D achieved the recom-
mended goal of HbA1c\53 mmol/mol
(\7%)[6] and 50% had an
HbA1c[64 mmol/mol ([8%). Approximately
28% of patients with T1D achieved their
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Table 1 Baseline characteristics and patterns of insulin usage among insulin-treated patients participating in Wave 7 of the
IDMPS (2016–2017)

Age, yearsCharacteristics T1D (n5 2000) T2D (n5 2596)

Therapy type OGLD plus insulin
n5 1936

Insulin only
n5 660

Age, years 34.0 (12.3) 57.8 (10.6) 59.9 (11.5)

Female sex, n (%) 1024 (51.2) 1094 (56.5) 354 (53.6)

Weight, kg 69.9 (14.8) 83.2 (16.9) 78.8 (16.4)

Body mass index, kg/m2 23.2 (5.0) 30.2 (5.8) 28.2 (6.0)

Time since diagnosis, years 13.1 (9.9) 12.8 (7.5) 13.5 (8.8)

Ethnicity, n (%)

White 1005 (50.3) 720 (37.2) 308 (46.7)

South Asian 137 (6.9) 365 (18.9) 81 (12.3%)

Black 296 (14.8) 263 (13.6) 130 (19.7)

East Asian, Arab, Persian 544 (27.2) 519 (26.8) 111 (16.8)

Other 18 (0.9) 69 (3.6) 30 (4.6)

Living area, n (%)

Urban area 1676 (83.8) 1531 (79.1) 520 (78.8)

Rural area 202 (10.1) 225 (11.6) 98 (14.8)

Suburban area 122 (6.1) 180 (9.3) 42 (6.4)

Education level, n (%)

Illiterate 43 (2.2) 148 (7.6) 66 (10.0)

Primary 168 (8.4) 347 (17.9) 105 (15.9)

Secondary 776 (38.8) 775 (40.1) 274 (41.5)

University/higher education 1012 (50.6) 665 (34.4) 215 (32.6)

Participation in structured diabetes education

programme, n (%)

943 (61.8) 839 (55.6) 275 (52.8)

HbA1c, % 8.4 (1.9) 8.6 (1.8) 8.8 (2.3)

Categories of HbA1c level, n (%)

\53 mmol/mol (\7%) 403 (21.8) 253 (14.2) 120 (20.7)

C 53–B 64 mmol/mol (C 7–B 8%) 518 (28.0) 560 (31.4) 158 (27.3)

[64 mmol/mol ([8%) 928 (50.2) 973 (54.5) 301 (52.0)

Attained glycaemic goals as defined by attending

physician, n (%)

553 (28.3) 518 (27.6) 199 (31.3)

Duration of insulin treatment, years 12.6 (9.9) 4.2 (4.3) 6.1 (5.8)

3286 Adv Ther (2021) 38:3281–3298



physician-set individualised goal (Table 1).
More than 60% of patients with T1D received
basal plus prandial insulin therapy. The mean
daily insulin doses for any insulin regimen was
0.45–0.82 IU/kg (Table 1). The main reasons for
not attaining glycaemic goal included fear of
hypoglycaemia (40.8%), lack of insulin titration
(38.9%), day-to-day fluctuation of blood glu-
cose (34.5%), cost of medications/strips (30.2%)
and non-adherence to insulin therapy (11.5%)
(Fig. 1a).

Persistence with insulin therapy
Overall, 273 [14.0% (95% CI: 12.5–15.6)]
patients with T1D reported having discontin-
ued their insulin therapy in the past. The esti-
mated median total duration of discontinuation
was 1.0 month (IQR: 0.5, 3.5). Impact on social
life (41.0%), cost of medications and test strips
(34.4%), fear of hypoglycaemia (26.7%), lack of
support (26.4%) and insufficient experience in
insulin dosing (20.9%) were the most frequent
reasons for poor persistence (Fig. 1b). Open-
ended questions yielded additional responses
including psychological factors (e.g. depression,
lack of motivation, fear of injections) (Table S3).

Clinical profiles associated with poor
persistence with insulin and physicians’
recommendations to improve persistence
Patients with T1D were more likely to have
discontinued insulin if they were young
(\40 years) and newly diagnosed (\1 year), did
not receive university education, had diabetes-
related complications or did not perform dia-
betes self-management (Table 2). Among
patients with poor persistence with insulin,
44.7% had health insurance compared with
64.0% of those who persisted with insulin.
Among patients with HbA1c[75 mmol/mol
([9%), nearly 50% reported having discontin-
ued insulin in the past (Table 3). Approximately
62% of physicians recommended diabetes edu-
cation as a strategy for improving persistence
with insulin treatment in patients with T1D.
Other recommendations included financial
support for medications (51.6%) and coun-
selling by a diabetes nurse (33.4%) (Fig. 1c).

Patients with T2D

Insulin treatment, glycaemic goal attainment
and predictive factors of glycaemic control
Based on the last recorded HbA1c, approxi-
mately 20% of insulin-treated patients with T2D
attained HbA1c\53 mmol/mol (\7%), and

Table 1 continued

Age, yearsCharacteristics T1D (n5 2000) T2D (n5 2596)

Therapy type OGLD plus insulin
n5 1936

Insulin only
n5 660

Type of insulin regimen, n (%)

Basal alone 62 (3.1) 786 (40.6) 59 (9.0)

Premixed alone 388 (19.4) 651 (33.6) 280 (42.5)

Basal plus prandial 1332 (66.7) 438 (22.6) 277 (42.0)

Mean daily insulin dose, IU/kg

Basal alone 0.45 (0.19) 0.32 (0.19) 0.41 (0.22)

Premixed alone 0.66 (0.29) 0.57 (0.30) 0.54 (0.25)

Basal plus prandial 0.82 (0.33) 0.76 (0.33) 0.78 (0.34)

Data shown are mean (SD) unless stated otherwise. Data for patients with T2D are available split by therapy subgroup only
OGLD oral glucose lowering drugs; SD standard deviation; T1D type 1 diabetes; T2D type 2 diabetes
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Fig. 1 a Reasons for non-achievement of glycaemic goal;
b reasons for poor persistence with insulin therapy and
c physician recommendations to improve persistence with

insulin therapy in patients with T1D. Physicians were able
to record more than one reason for lack of achievement of
glycaemic goals
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Table 2 Patient profiles according to status of insulin adherence

n (%) T1D (n5 2000)a T2Db (n5 2596)a

Poor persistence
with insulin
(n5 273)

Persistent with
insulin
(n 5 1682)

p values Poor persistence
with insulin
(n5 347)

Persistent with
insulin
(n 5 2190)

p values

Age by categories, years, n (%)

B 40 217 (79.5) 1235 (73.4) 0.034 34 (9.8) 106 (4.8) \0.001

[40–B 65 52 (19.0) 417 (24.8) 0.039 241 (69.5) 1495 (68.3) 0.66

[65–B 85 4 (1.5) 30 (1.8) [0.99c 71 (20.5) 586 (26.8) 0.013

[85 0 (0.0) 0 (0.0) – 1 (0.3) 3 (0.1) 0.44c

Sex, female, n (%) 132 (48.4) 868 (51.6) 0.32 191 (55.0) 1221 (55.8) 0.80

Time since diabetes diagnosis categorised by years, n (%)

B 1 34 (12.5) 118 (7.0) 0.002 9 (2.6) 71 (3.3) 0.52

[1–B 5 54 (19.8) 286 (17.0) 0.26 65 (18.7) 287 (13.1) 0.005

[5–B 10 71 (26.0) 377 (22.4) 0.19 97 (28.0) 554 (25.4) 0.31

[10–B 20 73 (26.7) 574 (34.1) 0.016 139 (40.1) 933 (42.7) 0.35

[20 41 (15.0) 326 (19.4) 0.086 37 (10.7) 339 (15.5) 0.018

Education level, n (%)

Illiterate 9 (3.3) 30 (1.8) 0.095 43 (12.4) 161 (7.4) 0.001

Primary 37 (13.6) 127 (7.6) \0.001 85 (24.5) 353 (16.1) \0.001

Secondary 136 (50.0) 627 (37.3) \0.001 124 (35.7) 906 (41.4) 0.046

University/higher

education

90 (33.1) 898 (53.4) \0.001 95 (27.4) 769 (35.1) 0.005

Employment status, n (%)

Full time 105 (38.5) 946 (56.2) \0.001 120 (34.6) 692 (31.6) 0.27

Part time 40 (14.7) 145 (8.6) 0.002 13 (3.7) 106 (4.8) 0.37

Not employed 84 (30.8) 388 (23.1) 0.006 52 (15.0) 272 (12.4) 0.18

Full time

homemaker

36 (13.2) 154 (9.2) 0.037 92 (26.5) 440 (20.1) 0.006

Retired 8 (2.9) 49 (2.9) 0.99 70 (20.2) 680 (31.1) \0.001

Diabetes-related complications, n (%)

Any diabetes-related

complication

144 (56.5) 808 (49.3) 0.032 236 (69.6) 1472 (68.0) 0.55

C 1 microvascular

complication

130 (51.0) 777 (47.4) 0.28 223 (65.8) 1373 (63.4) 0.40
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more than 50% had HbA1c[64 mmol/mol
([8%) (Table 1). Approximately 30% of insulin-
treated patients with T2D attained their indi-
vidualised physician-set goals. The main rea-
sons for not attaining individualised glycaemic
goals included lack of insulin titration by
physicians (39.1%), insufficient experience of
self-adjustment of insulin dosing (35.9%), lack
of diabetes education (35.0%) and poor persis-
tence with insulin (9.9%). Similar patterns were
observed in patients treated with insulin only or
insulin plus OGLDs (Fig. 2a, d). In the latter
group, basal insulin only was the most pre-
scribed regimen (40.6%). Among those receiv-
ing insulin only, premixed insulin was the most
prescribed regimen (42.5%). The mean daily
insulin doses ranged between 0.32–0.78 IU/kg
across different insulin regimens (Table 1).

Persistence with insulin therapy
Overall, 13.7% (95% CI: 12.4–15.1) of patients
with T2D [OGLD plus insulin: n = 261, 13.8%

(95% CI: 12.3–15.4); insulin only: n = 86, 13.4%
(95% CI: 10.9–16.3)] reported having discon-
tinued their insulin therapy in the past. The
estimated median total duration of discontinu-
ation was 2.0 months (IQR: 1.0, 6.0). Impact on
social life (30.5%), fear of hypoglycaemia
(28.0%), lack of support (25.9%), lack of expe-
rience in insulin dosing (25.6%) and cost of
medications and test strips (24.5%) were the
main reasons for poor persistence (Fig. 2b, e).
Answers to open-ended questions yielded addi-
tional responses including shortage of insulin
supply, fear of injections and Ramadan
(Table S3).

Clinical profiles associated with poor
persistence with insulin and physicians’
recommendations to improve persistence
Insulin-treated patients with T2D were more
likely to have discontinued insulin in the past if
they were\40 years old, diagnosed within 1–-
5 years, did not have a secondary school

Table 2 continued

n (%) T1D (n5 2000)a T2Db (n5 2596)a

Poor persistence
with insulin
(n5 273)

Persistent with
insulin
(n 5 1682)

p values Poor persistence
with insulin
(n5 347)

Persistent with
insulin
(n 5 2190)

p values

C 1 macrovascular

complication

15 (5.9) 99 (6.0) 0.92 78 (23.0) 535 (24.7) 0.50

Self-monitoring and self-management practices, n (%)

Possession of

glucose meter

209 (77.4) 1533 (91.3) \0.001 253 (73.1) 1811 (83.3) \0.001

Self-monitoring of

blood glucose

191 (91.8) 1493 (97.8) \0.001 235 (93.3) 1713 (95.3) 0.17

Self-adjusted insulin

dose

171 (64.3) 1229 (74.7) \0.001 135 (40.8) 999 (46.3) 0.061

Data shown are n (%); p values denote differences between proportion of participants who were adherent versus those who
were non-adherent to insulin therapy
OGLD oral glucose-lowering drug; T1D type 1 diabetes; T2D type 2 diabetes
a Data on adherence status were missing for 45 patients with T1D and 59 patients with T2D (data not shown)
b Results for patients with T2D are shown for the overall insulin-treated population (insulin only and insulin plus OGLD
groups combined
c Fisher’s Exact test was used; otherwise, Chi-squared test was used
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education, were full-time housekeepers or did
not possess a glucose meter (Table 2). Nearly
50% of patients who had discontinued insulin
in the past had HbA1c[75 mmol/mol ([9%)
(Table 3).

Diabetes education was recommended by
54.9% of physicians for improving persistence
with insulin therapy. Other recommendations
included counselling by a diabetes nurse
(47.6%), financial support for medications
(43.2%) and a titration device for dose adjust-
ments (31.8%) (Fig. 2c). Similar recommenda-
tions were observed for patients treated with
OGLD plus insulin or insulin alone (Fig. 2f).

DISCUSSION

Apart from treating acute hyperglycaemia,
insulin is often initiated as a long-term therapy
due to poor glycaemic control and/or a ten-
dency to develop ketosis. In these insulin-re-
quiring patients, discontinuation of insulin can
lead to severe hyperglycaemia or metabolic
decompensation. Many studies have assessed
patient adherence (generally defined as contin-
uing therapy, albeit not in accordance to the
prescribed regimen) to glucose-lowering drugs,
yet there are few studies that have examined
persistence (generally defined as exposure to

Table 3 Mean HbA1c and glycaemic control according to status of insulin persistence

T1D (n5 2000)a T2Db (n5 2596)a

Poor persistence with
insulin

Persistent with
insulin

Poor persistence with
insulin

Persistent with
insulin

(n5 273) (n5 1682) (n 5 347) (n5 2190)

Value of last HbA1c measurement, mean (SD)

n 230 1582 317 1998

mmol/mol 76.7 (23.5) 66.9 (19.8) 78.5 (24.6) 69.8 (20.5)

% 9.17 (2.15) 8.27 (1.81) 9.33 (2.25) 8.54 (1.88)

Glycaemic control, n (%)

HbA1c

\53 mmol/mol (\7%)

34 (14.8) 366 (23.1) 37 (11.7) 330 (16.5)

HbA1c

53–B 64 mmol/mol

(7–B 8%)

44 (19.1) 464 (29.3) 67 (21.1) 642 (32.1)

HbA1c

64–B 75 mmol/mol

(8–B 9%)

46 (20.0) 331 (20.9) 66 (20.8) 401 (20.1)

HbA1c

[75 mmol/mol ([9%)

106 (46.1) 421 (26.6) 147 (46.4) 625 (31.3)

OGLD oral glucose lowering drugs; SD standard deviation; T1D type 1 diabetes; T2D type 2 diabetes
a Data on adherence status were missing for 45 patients with T1D and 59 patients with T2D (data not shown). bResults for
patients with T2D are shown for the overall insulin-treated population (insulin only and insulin plus OGLD groups
combined)
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Fig. 2 a, d Reasons for non-achievement of glycaemic
goal; b, e reasons for poor persistence with insulin therapy
and c, f Physician recommendations to improve persistence
with insulin therapy in patients with T2D. Physicians were

allowed to record more than one reason for patients’
discontinuation of therapy. OGLD oral glucose-lowering
drugs; T2D type 2 diabetes
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treatment for a period of time) with insulin
treatment [21]. Given its vital role in reducing
blood glucose, poor persistence with insulin
therapy could lead to more severe hypergly-
caemia compared with non-adherence.

In this analysis, we focussed on poor persis-
tence rather than non-adherence. Using real-
world evidence, we revealed for the first time
that 1 in 7 patients with T1D or insulin-treated
patients with T2D from developing countries
reported having discontinued their insulin in
the past for an average duration of 1–2 months
since commencement of treatment. This poor
persistence might contribute to the poor gly-
caemic control in these patients with almost
half of them having an HbA1c[75 mmol/mol
([9%).

Based on pre-specified questions, impact on
social life, cost of medications and test strips,
fear of hypoglycaemia, lack of support and
experience in insulin dosing were common
reasons for not persisting with insulin in
patients with both T1D and T2D. In patients
with T1D, young age (\40 years), recent diag-
nosis (B 1 year), non-university education and
insufficient self-management [self-monitoring
of blood glucose (SMBG) and self-adjustment of
insulin dosage] were additional reasons. In
patients with T2D, young age (\40 years), short
disease duration ([1–B 5 years), non-secondary
school education and not possessing a glucose
meter were associated with poor persistence
with insulin treatment. Although these cross-
sectional data cannot infer causality, these
findings agree with previous reports regarding
the importance of both general and diabetes-
related education in influencing self-manage-
ment skills [17]. The latter is essential for
effective use of insulin including SMBG and
dose titration in order to attain glycaemic goals.

The lack of diabetes symptoms and
demanding nature of self-care mean that many
patients may not be aware of the need to persist
with insulin, and thus not be motivated to do
so. In the present analysis, patients with T1D
who discontinued insulin were twofold more
likely to be newly diagnosed (within 1 year)
than those who persisted with insulin (12% vs.
7%). In patients with newly diagnosed T1D,
transient recovery of beta cell function after

reversal of acute glucotoxicity by insulin ther-
apy might be followed by a ‘honeymoon period’
with transient dose reduction or even discon-
tinuation [22]. That said, in the Diabetes Atti-
tudes Wishes and Needs (DAWN) study, 85.2%
of newly diagnosed patients with T1D or T2D
reported high levels of diabetes-related distress
which was associated with poor adherence [23]
and possibly persistence. Other reasons for poor
persistence, identified through free-text
responses, included emotional distress, lack of
insulin supply, high costs of medications and
test strips and Ramadan.

In this study, insulin cost was reported as a
barrier to persistence. Various researchers have
reported associations of poor adherence to
insulin with poor glycaemic control, high
Charlson Comorbidity Index scores, increased
hospitalisation rates (and related costs) and
diabetic ketoacidosis [24–27]. Additionally,
long-term poor glycaemic control can lead to
multiple morbidities [28, 29]. In our previous
analysis of IDMPS data, we have also reported
independent associations of poor glycaemic
control with hospitalisations and absenteeism
in patients with T2D [19]. Taken together, it is
reasonable to infer that poor persistence would
also lead to poor clinical outcomes.

Defining the size of the problem and identi-
fying reasons for poor persistence with insulin
therapy is the first step towards formulating
solutions. In insulin-naı̈ve patients, good com-
munication skills, empathy and demonstration
of injection technique by healthcare providers
were rated by patients as being most useful
during insulin initiation [30]. Once insulin was
initiated, factors such as fear of hypoglycaemia,
impact on social life, perceived burden of
complex treatment regimens, weight gain and
insufficient ongoing support (e.g. insulin titra-
tion, meal adjustment, sick day management,
interpretation of blood glucose levels) became
more important [11, 18, 23]. Overcoming these
barriers requires sufficient time to empower and
engage patients, which could be more effec-
tively achieved using a team approach rather
than sole reliance on physicians to provide
education [31].

Previous results from the IDMPS have indi-
cated close associations of glycaemic control

Adv Ther (2021) 38:3281–3298 3293



with possession of blood glucose monitoring
devices, SMBG and access to diabetes education
[8, 17, 32]. In this analysis, patients with T1D
who performed SMBG or self-adjusted insulin
dosage and patients with T2D who owned a
glucose meter were less likely to have discon-
tinued their insulin therapy in the past. These
findings support the critical importance of
having access to insulin, tools for SMBG and
professional education to help patients self-
manage their insulin therapy.

Motivating behavioural changes is a key
component of diabetes management. In this
study, patients with T1D or T2D with high
levels of education and full-time employment
were less likely to have discontinued their
insulin therapy in the past. In previous IDMPS
waves, we have reported the independent and
positive association of high levels of education
and access to diabetes education with SMBG,
self-titration of insulin and glycaemic control in
both patients with T1D or T2D [17]. In Saudi
Arabia and Cameroon, patient literacy was clo-
sely associated with adherence to therapies
[33, 34]. Low education level and poverty have
been associated with increased incidence of all-
cause and cardiovascular mortality in patients
with diabetes after adjusting for confounders
[35, 36]. Taken together, these observations
emphasised the socio-biomedical nature of dia-
betes that requires societal and individualised
approaches to optimise care and reduce disease
burden [37].

In the present analysis, most physicians rec-
ommended provision of diabetes education
programmes to improve treatment persistence
and glycaemic control. Previous meta-analyses
have shown that extended contact time with
physicians [38], team-based management, using
non-physicians or technology to promote
physician–patient communication and provid-
ing diabetes education and self-management
programmes were effective strategies in reduc-
ing HbA1c, blood pressure and low-density
lipoprotein cholesterol (LDL-C) [39]. These
effect sizes were most evident in developing
countries where chronic care delivery may be
less integrated [39]. Similar results were
observed in a study involving 468 patients with
T2D attending primary care clinics in Argentina

[40]. Taken together, system change and insti-
tutional support are needed to build capacity in
order to assess risk, empower patients, intervene
early and improve outcomes [31].

In this analysis, cost of medications and test
strips were major reasons for poor persistence
with insulin, particularly in patients with T1D.
Additionally, patients with T1D were more
likely to have discontinued insulin in the past if
they were not in full-time employment. While
data on persistence are lacking in both devel-
oping and developed countries, researchers
have reported the financial burden of medica-
tion costs as a major barrier to adhering to long-
term treatment in patients with T2D [34, 41].
Furthermore, in developing countries, medica-
tion costs can take up a huge part of the family
income for those without medical coverage
[14]. The World Health Organization has rec-
ommended all governments to include insulin
as an ‘essential medication’ along with other
medications for lowering blood pressure, blood
glucose and cholesterol as the first step towards
improvement [42]. However, without adequate
education and tools for SMBG, insulin treat-
ment cannot be administered safely and effec-
tively. There are now many technologies
including insulin analogues with a low risk of
hypoglycaemia, insulin delivery methods such
as injection pens or insulin pumps and contin-
uous glucose monitoring systems, which can
improve self-management of insulin therapy.
However, reimbursement policies and health-
care systems need to be aligned to make these
technologies and education programmes more
accessible and affordable [37].

There are limitations in our present analysis.
Despite the large sample size with diverse pop-
ulations and settings, the cross-sectional nature
of this study cannot infer causality. Addition-
ally, the small sample size available within the
subgroup analyses mean that the clinical char-
acteristics associated with poor persistence with
insulin should be interpreted with caution. The
lack of common definitions and tools to mea-
sure treatment ‘adherence’ and ‘persistence’
[43, 44] along with patient recall bias/errors
may introduce uncertainty. In this survey, all
patients were insulin-treated at the time of
enrolment, and the physicians asked them to
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recall whether they had ever ‘discontinued
insulin’, recorded as ‘yes’/‘no’. Due to the
pragmatic design and variabilities in terms of
insulin regimen, we did not seek details of the
pattern of discontinuation. The heterogeneity
in socioeconomic development, healthcare
providing and financing systems, types of clinic
practices, attributes of physicians and patients
together with small sample size within each
country do not permit more detailed country-
level analyses. Despite these limitations, the
narrow confidence intervals of our estimates of
poor persistence together with the patient-re-
ported experiences and poor glycaemic control
associated with poor persistence support our
conclusions.

CONCLUSIONS

Poor persistence and self-discontinuation of
insulin is a major challenge in diabetes manage-
ment. These results from developing countries
add to the global knowledge regarding these
unmet needs. Apart from patient-level barriers
such as impact on social life, fear of hypogly-
caemia and weight gain, systemic factors such as
access to structured education programs with
ongoing support as well as affordability of med-
ications/test strips are important barriers to per-
sistence with insulin treatment. These care gaps
require alignment of payors, providers, and
industry to improve the practice environment,
pricing strategies and community support in
order to close these care gaps.
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