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Abstract
Background The global prevalence of diabetes mellitus
is increasing alarmingly. However, the quality of vital
medicines and medical products used to treat and monitor
diabetes remains uncertain but of potential great public
health significance. Here, we review the available evidence
on the quality of antidiabetic medicines and supplies for
self-monitoring of blood glucose (SMBG) and discuss their
potential impact for the patients and society.
Methods Searches were conducted in PubMed, Embase,
Google Scholar, Google and relevant websites in English
and French. The Medicine Quality Assessment Reporting
Guideline (MEDQUARG) was used to assess the quality of
medicine quality surveys.
Results 52 publications on the quality of antidiabetic
medicines, including 5 medicine quality prevalence
surveys and 20 equivalence studies, were analysed. The
prevalence surveys and equivalence studies included 674
samples of which 73 (10.8%) were of poor quality. The
median (Q1–Q3) concordance with MEDQUARG items was
30.8% (19.2%–42.3%). No prevalence surveys on SMBG
supplies’ quality were found, but 29 publications, including
falsified products and incorrect results due to strip
degradation or contamination, were identified.
Conclusion There is little accessible evidence on the
quality of antidiabetic medicines and SMBG supplies.
Surveys were poorly designed and reported, making data
aggregation and interpretation problematic. Despite these
caveats, these results suggest that there are important
issues with the quality of medical products for diabetes
that need focused monitoring. There is an urgent need to
achieve consensus protocols for designing, conducting and
reporting medical product quality surveys.
PROSPERO registration number CRD42016039841.

Introduction
Diabetes mellitus (hereafter diabetes) is a
growing threat to global health with significant
mortality and morbidity related to myriads of
non-communicable and communicable disease
consequences. In 2015, diabetes afflicted ~415
million people globally and this is predicted
to reach 642 million by 2040, equivalent to 1
in 10 adults.1 The direct annual global cost of
diabetes is estimated at US$827 billion.2
In the USA, approximately four in five
adults with diabetes rely on antidiabetic medicines to control their glucose levels.3 Insulin is

 1,2,3

Key questions
What is already known?
►► Substandard and falsified medical products for man-

aging diabetes will negate the benefits of modern
diabetes treatment and the public benefit of reduced
complications.
►► Better understanding of the epidemiology of substandard and falsified diabetes medications and
self-monitoring of blood glucose (SMBG) supplies
and their potential impact on patients and society
is needed.

What are the new findings?
►► Our study demonstrated that of 674 samples anal-

ysed, about 1/10 were substandard or falsified but
this prevalence is not generalisable globally.
►► Issues with the quality of SMBG supplies were identified (including falsified products and incorrect results due to strip degradation or contamination).

What do the new findings imply?
►► Our findings showed that, despite the scarcity of

the data, there are important issues with the quality of medical products for diabetes that need to be
tackled.
►► Besides increasing the quality of the surveys, consensus would facilitate evidence pooling and summarising to better understand the global burden of
this problem.

required for type 1 diabetes treatment, and is
also used widely for advanced type 2 diabetes.
In 2015, insulin was within the top 10 bestselling medications globally (in terms of
number of prescriptions and sales value).4 5 It
is estimated that globally ~100 million people
need insulin.6 Type 2 diabetes treatment
involves lifestyle change encouragement, but
antidiabetic medicines are often required for
the control of hyperglycaemia and prevention of long-term complications.1 7 8 Oral antidiabetic sale in 2016 was estimated to reach
close to US$20 billion.9 There has also been
a surge in innovative expensive oral therapies
such as gliptins.
There are key public health issues with
cost and access to antidiabetic medicines,
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regulatory systems are often weak.24 26 27 30 Rising concern
about the consequences of poor quality medicines over
the last decade has focused on anti-infectives.31 However,
there is growing awareness of this issue for chronic
non-communicable diseases, for example, a recent
survey described that 16.3% of cardiovascular medicines
sampled in ten sub-Saharan African countries were poor
quality.32 These will have significant public health impact
and if poor quality diabetes medical products are also
prevalent they will have an additive global toll on health.
The recent WHO report stated that seven member states
reported 11 substandard and falsified (SF) diabetes
medicines between 2013 and 2017 but details are not
given.28 As there is no global understanding of the epidemiology of poor quality medical products for diabetes, we
reviewed the available evidence and discuss the potential
impact for patients and society.
Methods
Search strategy
Reports were identified through systematic searches
in PubMed, Embase, Google Scholar in English and
French up to 30 April 2018, using the search terms
(online supplementary file 1) ‘diabetes’, ‘antidiabetics’,
the names of active pharmaceutical ingredients (eg,
‘insulin’, ‘metformin’, ‘glibenclamide’), ‘glucose meter’,
‘strip’; combined with terms relevant to medicine quality
(eg, ‘falsified’, ‘counterfeit’, ‘substandard’, ‘degraded’).
Reports were also identified in Google from the first
20 pages of results and other sources such as websites
of international organisations interested in medicine
quality and medicines regulatory authorities (online
supplementary file 1). After removal of duplicates, the
titles and abstracts were first screened, and full text of the
identified articles were then assessed for eligibility. The
reference lists of the eligible articles were also manually
screened for inclusion.
Eligibility criteria
Published scientific articles and grey literature assessing
or discussing the quality of antidiabetic medications
were included. Articles describing the development
or assessing the performance of chemical techniques
for the analysis of antidiabetics quality were excluded.
Articles without clear conclusion on the quality of the
assessed products or with uninterpretable results (eg,
conflicting quality results for the same samples analysed
in two different laboratories)33 were excluded. Articles
on the quality of SMBG supplies found through the
searches were included. However, articles describing the
accuracy and performance of glucose meters and strips
were excluded, as were reports on the quality of insulin
syringes, pens and needles.
Key definitions
‘Falsified’ refers to products that ‘deliberately/fraudulently misrepresent their identity, composition or
source’.28 30 34 In this review, ‘fake’, ‘counterfeit’,
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especially insulin,5 and to specialised diabetes care. With
huge price variation between countries and increasing
demand, insulin and new oral antidiabetic medicines
are likely to be attractive targets for falsification and
are at risk of substandard production.10 High prices of
some antidiabetics may prompt patients to look for more
affordable options, including illegitimate sources such as
unregistered physical and internet pharmacies.11
Nearly 60% of the global costs of diabetes are borne
by low-income and middle-income countries (LMICs),
with substantial treatment costs paid out-of-pocket and
insufficient medicines regulation. This limits access and
thus risks use of poor quality medical products, exacerbating financial hardship and impairing peoples’ lives
and productivity.12
Patients with diabetes often need to check their blood
glucose concentration multiple times per day using
strip-based hand-held glucose meters. The cost for such
self-monitoring of blood glucose (SMBG) can account
for approximately one-third of the total cost of consumables, including insulin and needles, for type 1 diabetes
management.13 This expense has prompted both falsification of glucose strips and reselling of secondhand
unused glucose strips at reduced price.10 14 15 In 2008, the
US Food and Drug Administration (FDA) and the American Diabetes Association warned against using resold
strips as they may give incorrect results.14 16
Due to their vital role in diabetes management, poor
quality antidiabetic medicines and SMBG supplies will
inevitably have adverse health impacts for patients, both
short and long term. Low active pharmaceutical ingredient (API) content and, for oral preparations impaired
gastrointestinal dissolution, will increase the incidence of
macrovascular and microvascular complications due to
compromised glucose control, and hence increase individual and societal economic costs.17–19 High API content
may also bring grim immediate consequences. Deaths
have been linked to falsified antidiabetic medicines in
China containing dangerously high amounts of the oral
antidiabetic agent glibenclamide.20 21 Poor quality SMBG
supplies will impair patients with diabetes from receiving
correct medication doses, potentially causing life-threatening hypoglycaemia, hyperglycaemia and long-term
consequences. Poor quality antidiabetics and SMBG
supplies will also decrease faith in the health system,
confuse patient and clinical decision-making and risk use
of unapproved treatments.
The circulation of poor quality medicines and medical
products, whether falsified, substandard or degraded,
is a major global public health problem. No country is
immune.22–28 A recent WHO report suggested that in
LMICs, ~10.5% of medicine samples (mainly anti-infectives) analysed were substandard or falsified (SorF).28
Although medical product regulatory systems are
usually reliable and functional in high-income countries, poor quality medicines and medical devices have
been identified.11 15 27 29 The extent of the problem seems
more pronounced in financially poor countries where
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Risk of bias assessment
The prevalence surveys methodology and reporting were
assessed using Medicine Quality Assessment Reporting
Guidelines (MEDQUARG). MEDQUARG is a comprehensive checklist composed of 26 items proposed to be
included in the reporting of medicine quality surveys.36
For each item, all criteria are to be fulfilled to be
awarded one point. Prevalence surveys were assessed
independently by two investigators with a third person
resolving any disagreement. Since there were no standardised tools available to assess lay types of publication,
their risk of bias was not specifically assessed.
Data collection, analysis and reporting
The data extracted included year of publication, publication type, definition used for medicine quality, location
of survey, sampling strategy, sample size and failure rate
(with additional description of the type of failure when
applicable). A ‘data point’ is defined as a location where
medicines were collected for quality analysis, at a given
time and during a given study. A Microsoft Access database 2013 used in a similar review from our group was
adapted for the purpose of the study.22 Microsoft Excel

Figure 1 PRISMA flow diagram of the selection process of
the publications on antidiabetic medicine quality. PRISMA,
Preferred Reporting Items for Systematic Reviews and MetaAnalyses.

2013 and RStudio V.0.99.486 were used for the data analysis. Qualitative variables were expressed as numbers
and percentages (n (%)). Quantitative variables were
expressed as median, as well as first and third quartiles
(Q1 and Q3, respectively).
This review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines (online supplementary file 2).37
Patient and public involvement
This research was done without patient or public involvement.
Results
After removal of duplicates, 11 989 out of 15 653 publications gathered through electronic searches and other
sources identified in the methods were screened by title
and abstract (figure 1).
Of these, 286 full-text publications were reviewed and
38 were included. Fourteen additional publications
identified through manual reference screening were
also included, yielding a total of 52 publications. Twenty-four (46.2%) of the included publications were original research articles published in scientific journals
(figure 2). The number of publications increased from
one publication in 2008 to nine in 2016 but decreased
to three in 2017 (figure 3). Two publications (3.8%)
had unstated year of publication. All publications will
be mapped on the Infectious Diseases Data Observatory
Medicine Quality Surveyor system (www.iddo.org).
Out of the 52 publications, 5 were prevalence surveys
(9.6%) and 20 (38.5%) were equivalence studies (table 1).
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‘spurious’ and ‘falsely labelled’ medicines are regarded
as synonyms of falsified, a term that emphasises public
health rather than intellectual property issues inherent
in the term ‘counterfeit’. ‘Substandard’ medicines, also
called ‘out of specification’, are authorised medical
products that ‘fail to meet either their quality standards
or their specifications, or both’.34 This may result from
negligence or errors during the manufacturing process
by authorised manufacturers,28 35 or degradation through
deterioration because of inappropriate storage/transport in the supply chain.11 Information is usually insufficient to distinguish errors within factories from those in
the supply chain, a key evidence gap as the solutions for
the two differ.22 As it is not possible to reliably classify a
medicine as substandard or falsified without packaging
analysis,22 in this review products that failed at least one
quality test without information on packaging authenticity, and falling outside the acceptance range of the
specifications chosen as reference by the authors (either
specific pharmacopoeia monograph or in-house specifications), are defined as ‘substandard or falsified’ (SorF).
‘Prevalence surveys’ are studies in which samples were
collected within the pharmaceutical supply chain to
assess their quality, in order to describe the prevalence of
circulating SF medicines. ‘Equivalence studies’ are those
whose main objective is to assess the quality of different
marketed brands of the same API(s) assuming that the
collected samples would represent the quality of the
brand and not an estimate of the frequency of individual
samples of different quality. In most cases, equivalence
studies aim at providing information on brand(s) as a
whole, whereas prevalence surveys aim at evaluating individual samples of marketed medicines to give an estimate
of their frequency in a community.

BMJ Global Health

All surveys and studies included evaluated oral antidiabetics. The most commonly assessed are metformin (in
four prevalence surveys and 13 equivalence studies) and
glibenclamide (in two prevalence surveys and five equivalence studies). We found one survey investigating the
quality of 84 insulin samples in 1979.38 However, due to
the absence of reference to the acceptance range of the
specifications chosen for the ‘conventional insulin preparations’ at the time of the study, we decided to exclude
this article from this review.
High-performance liquid chromatography (HPLC)
and thin-layer chromatography analyses were conducted
in four and one prevalence surveys, respectively. Various
technologies were used in equivalence studies such as
HPLC or UV-visible spectrophotometry (online supplementary file 3). The British Pharmacopoeia and United
States Pharmacopeia (USP) were the most commonly
followed standards (in 12 and 11 articles, respectively).
In total, 674 samples were collected in 38 countries;
527 (78.2%) from 31 countries for prevalence surveys
and 147 (21.8%) from 9 countries in equivalence
studies (table 2). The median (IQR) number of samples
collected in prevalence surveys and equivalence studies

Figure 3 Number of publications over time related to the
quality of medicines for diabetes.

4
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Figure 2 Types of publications related to the quality of
medicines for diabetes.

were 112 (45–179) and 5.5 (5–8), respectively. Of the
57 data points, there were seven (12.3%) for India, five
(8.8%) for Nigeria, four (7.0%) for Saudi Arabia, two
(3.5%) each for Jordan and Cambodia, and one (1.8%)
each for the other countries (table 2). The country where
samples were collected was not specified for 5.5% (n=37)
of samples.
Thirty-six out of 527 (6.8%) and 37 out of 147 (25.2%)
samples failed at least one quality test in the prevalence
surveys and the equivalence studies, respectively. A total
of 73 out of 674 samples (10.8%) analysed were thus SorF.
The highest proportion of SorF antidiabetic medicines
was observed in Asia and Middle East (11.5%, 29/253),
and the lowest proportion was observed in Australia
and Oceania with no samples failing, although only one
data point was available and six samples were tested for
quality. The frequencies of failures in Africa, the Americas and Europe were 9.8% (22/224), 6.8% (3/44) and
2.7% (3/110), respectively. There were 4 out of 57 data
points with unknown sampling location.
The largest number of samples collected in prevalence surveys and equivalence studies were of metformin
(n=345, 45.5%) and glibenclamide (n=266, 35.1%)
(table 3).
Among samples identified in prevalence surveys, the
most common reason for failure was API content analysis (n=26/36, 72.2%) (online supplementary file 4).
Dissolution, disintegration or drug release failures were
the most common failures in equivalence studies (online
supplementary file 4), with 54.1% (n=20/37) of samples
in equivalence studies failing.
Out of 40 samples failing API content analysis in the
surveys and studies, 16 (40.0%) had low API content and
13 (32.5%) had high API content. The API content was
unstated for 11 (27.5%) samples. Twenty-two (55.0%)
and 17 (42.5%) samples failing API content analysis
were metformin and glibenclamide, respectively. The
lowest API content, in comparison to that stated on the
packaging, was 82.3% (metformin) and the highest was
111.5% (glibenclamide). Out of 258 samples that had
dissolution and/or disintegration and/or drug release
testing performed, 27 (10.5%) failed at least one of these
tests. Further details on the number of failing samples
can be found in online supplementary file 4.
Seven out of 73 samples failing at least one test (9.6%)
were substandard, while the rest (n=66, 90.4%) were
categorised as SorF medicine since packaging analysis
was not performed. In one study, packaging analyses
were performed by sending survey findings to manufacturers, but the packaging analyses results pertaining to
the authenticity of the medicines were not described.39
MEDQUARG was mentioned and followed in one of
the three (33.3%) prevalence surveys published after
the publication of these guidelines in 2009 (figure 4,
online supplementary file 5). Only one out of three was
published in a scientific journal, with MEDQUARG score
of 19.2% and failure rates of 0.0% (0/4 samples).40 Four
(80.0%) out of five prevalence surveys scored positively
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Because of the limited number of samples tested for quality in the studies included in this review, the numbers should not be interpreted as
representative of the prevalence of specific SF antidiabetics (please refer to the discussion section of the current paper for more details)

Study

Active
pharmaceutical
ingredient

Country

Total no of
samples
collected

Failed
samples
n (%)

Prevalence surveys
Blume et al85

Argentina, Australia, Austria, Belgium, Canada, Chile,
Glibenclamide
Commonwealth of Independent States, Denmark, Egypt,
Finland, France, Germany, Greece, Hungary, Indonesia,
Italy, Japan, Luxembourg, Netherlands, Pakistan,
Portugal, Spain, Sweden, Switzerland, Thailand, Turkey,
UK, USA

Westenberger et al40

Unstated

Metformin

Central Drugs Standard Control
Organisation86

India

Metformin, gliclazide,
glimepiride

Ebenezer87

Nigeria

Islam

39

187

8 (4.3)

4

0 (0.0)

45

0 (0.0)

Metformin

179

7 (3.9)

Cambodia

Metformin,
glibenclamide

112

21 (18.8)*

Unstated

Glimepiride

23

12 (52.2)

Equivalence studies
Attorrese and Massi-Benedetti70
88

Hamdan and Jaber

Jordan

Metformin

5

1 (20.0)

Chandrasekaran et al89

Malaysia

Metformin

5

0 (0.0)

 Afifi and Ahmadeen90

Saudi Arabia

Metformin

6

0 (0.0)

Unstated

Voglibose

5

1 (20.0)

Nigeria

Metformin

8

1 (12.5)

93

Nigeria

Metformin

5

2 (40.0)

El-Sabawi et al94

Jordan

Glibenclamide

6

3 (50.0)

Labu et al95

Bangladesh

Metformin

7

0 (0.0)

Ajala et al96

Nigeria

Metformin

8

3 (37.5)

Betari and Haidar97

Unstated

Sitagliptin

5

2 (40.0)

Elango and Shanmuganathan98

India

Metformin

15

3 (20.0)

Chatur et al

91

Olusola et al92
Oyetunde et al

Elhamili et al

99

Libya

Glibenclamide

3

Abdulhameed et al100

Iraq

Metformin

5

0 (0.0)

Gupta et al101

Trinidad and Tobago

Metformin

4

0 (0.0)

Sachan et al102

India

Metformin

4

0 (0.0)

Sakr et al103

Saudi Arabia

Glibenclamide

8

0 (0.0)

Alam et al104

Saudi Arabia

Glibenclamide

5

0 (0.0)

Eraga et al

Nigeria

Metformin

10

8 (80.0)†

Aivalli et al106

India

Metformin,
glibenclamide

10

0 (0.0)

105

0 (0.0)

*In Islam 2017,39 only the number of medicine failing each quality test was mentioned. Since one medicine may fail more than one test, the failure rate was recorded
as the highest possible number of samples failing one of the tests.
†In Eraga 2017,105 uniformity of content was assessed using two methods that is, UV spectrophotometry and reverse-phase high-performance liquid
chromatography. There are several discrepancies in the results of these two tests. Therefore, if samples failed either, they will be categorised as failed samples.
SF, substandard and falsified; UV, ultraviolet.

on less than half of the MEDQUARG items. The median
MEDQUARG score of all surveys was 30.8% (IQR
19.2%–42.3%).
The time frame, definitions of medicine quality used,
ethical considerations, chemical analysis method validation and whether blinding at analysis was performed were
described only in one prevalence survey (20.0%) while
the sampling methodology and statistical methods were
described in two (40.0%). Only two prevalence surveys
(40.0%) used random sampling of outlets. Comparative

packaging analysis (ie, comparing packaging with that
of the authentic medicine from the manufacturer) was
performed in three prevalence surveys (60.0%). In one
study, label and ‘non-comparative’ packaging analyses
were conducted by comparing the samples with the standard US FDA packaging requirements (eg, using label
text and package insert requirements).40 The outlets
types sampled per data point were detailed in four prevalence surveys (80.0%). However, none gave details
on the outlet size such as their turnover. The stated
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Prevalence survey
Region/country

No of data points

Equivalence study
Failure rate % (n/N)

No of data points

Total
Failure rate % (n/N)

No of data points

Failure rate % (n/N)

Africa

2

4.2 (8/190)

5

41.2 (14/34)

7

9.8 (22/224)

 Egypt

1

9.1 (1/11)

0

N/A

1

9.1 (1/11)

 Libya

0

N/A

1

0.0 (0/3)

1

 Nigeria

1

3.9 (7/179)

4

45.2 (14/31)

5

Americas

4

7.5 (3/40)

1

0.0 (0/4)

5

 Argentina

1

37.5 (3/8)

0

N/A

1

0.0 (0/3)
10.0 (21/210)
6.8 (3/44)
37.5 (3/8)

 Canada

1

0.0 (0/17)

0

N/A

1

0.0 (0/17)

 Chile

1

0.0 (0/11)

0

N/A

1

0.0 (0/11)

 Trinidad and Tobago

0

N/A

1

0.0 (0/4)

1

0.0 (0/4)

 USA

1

0.0 (0/4)

0

N/A

1

0.0 (0/4)

Asia and Middle East

12

12.4 (22/177)

12

9.2 (7/76)

24

11.5 (29/253)

 Bangladesh

0

N/A

1

0.0 (0/7)

1

0.0 (0/7)

 Cambodia

2

18.8 (21/112)*

0

N/A

2

 CIS

1

0.0 (0/2)

0

N/A

1

0.0 (0/2)

 India

4

0.0 (0/45)

3

10.3 (3/29)

7

4.1 (3/74)

 Indonesia

1

25.0 (1/4)

0

N/A

1

 Iraq

0

N/A

1

0.0 (0/5)

1

0.0 (0/5)

 Japan

1

0.0 (0/4)

0

N/A

1

0.0 (0/4)

 Jordan

0

N/A

2

36.4 (4/11)

2

36.4 (4/11)

 Malaysia

0

N/A

1

0.0 (0/5)

1

0.0 (0/5)

 Pakistan

1

0.0 (0/2)

0

N/A

1

0.0 (0/2)

18.8 (21/112)

25.0 (1/4)

 Saudi Arabia

0

N/A

4

0.0 (0/19)

4

0.0 (0/19)

 Thailand

1

0.0 (0/6)

0

N/A

1

0.0 (0/6)

 Turkey

1

0.0 (0/2)

0

N/A

1

0.0 (0/2)

Australia and Oceania

1

0.0 (0/6)

0

N/A

1

0.0 (0/6)

 Australia

1

0.0 (0/6)

0

N/A

1

0.0 (0/6)

Europe
 Austria

16
1

2.7 (3/110)

0

N/A

16

0.0 (0/17)

0

N/A

1

2.7 (3/110)
0.0 (0/17)

 Belgium

1

0.0 (0/2)

0

N/A

1

0.0 (0/2)

 Denmark

1

0.0 (0/6)

0

N/A

1

0.0 (0/6)

 Finland

1

0.0 (0/5)

0

N/A

1

0.0 (0/5)

 France

1

0.0 (0/3)

0

N/A

1

0.0 (0/3)

 Germany

1

5.9 (1/17)

0

N/A

1

5.9 (1/17)

 Greece

1

0.0 (0/6)

0

N/A

1

0.0 (0/6)

 Hungary

1

0.0 (0/2)

0

N/A

1

0.0 (0/2)

 Italy

1

0.0 (0/2)

0

N/A

1

0.0 (0/2)

 Luxembourg

1

0.0 (0/4)

0

N/A

1

0.0 (0/4)

 Netherlands

1

0.0 (0/11)

0

N/A

1

0.0 (0/11)

 Portugal

1

0.0 (0/4)

0

N/A

1

0.0 (0/4)

 Spain

1

0.0 (0/6)

0

N/A

1

0.0 (0/6)

 Sweden

1

0.0 (0/6)

0

N/A

1

0.0 (0/6)

 Switzerland

1

0.0 (0/8)

0

N/A

1

0.0 (0/8)

 UK

1

18.2 (2/11)

0

N/A

1

18.2 (2/11)

3

48.5 (16/33)

4

43.2 (16/37)

Unstated
Total

1
36

0.0 (0/4)
6.8 (36/527)

21

25.2 (37/147)

57

10.8 (73/674)

*In Islam 2017,39 only the number of medicine failing each quality test was mentioned. Since one medicine may fail more than one test, the failure rate was recorded as the highest possible number of
samples failing one of the tests.
CIS, Commonwealth of Independent States; N/A, not applicable; SF, substandard and falsified.
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Table 2 Failure rate per country in prevalence surveys and equivalence studies

BMJ Global Health

Because of the limited number of samples tested for quality in the studies included in this review, the numbers should not be interpreted as
representative of the prevalence of specific SF antidiabetics (please refer to the discussion section of the current paper for more details)
API

Prevalence survey failure rate
(n/N, %)

Equivalence study failure rate
(n/N, %)

Total failure rate
(n/N, %)

Glimepiride

0/15 (0.0)

13/23 (56.5)

13/38 (34.2)

Sitagliptin

N/A

2/5 (40.0)

2/5 (40.0)

Voglibose

N/A

1/5 (20.0)

1/5 (20.0)

Metformin

14/258 (5.4)

18/89 (20.2)

32/345 (9.3)

Glibenclamide

22/239 (9.2)

3/27 (11.1)

25/266 (9.4)

Gliclazide

0/15 (0.0)

N/A

Total

36/527 (6.8)

37/147 (25.2)

0/15 (0.0)
73/674 (10.8)

No studies found for: meglitinide, chlorpropamide, tolbutamide, glipizide, repaglinide, vildagliptin, saxagliptin, pramlintide, empagliflozin,
canagliflozin, dapagliflozin, dulaglutide, alogliptin, nateglinide, colesevelam, bromocriptine, albiglutide, lixisenatide, buformin, glibornuride,
gliquidone, mitiglinide, miglitol, tolazamide.
API, active pharmaceutical ingredient; N/A, not applicable; SF, substandard and falsified.

manufacturer’s name and address of the collected medicines were given in two prevalence surveys (40.0%), while
the rest of the surveys neither give this information nor
the reason why the information was not released.
In addition to scientific papers, nine seizures (17.3%),
five recalls (9.6%) and two case reports (3.8%) were
found (table 4); eight (15.4%) described medicines
falsification. Other types of publications discussing antidiabetic medicine quality are presented in online supplementary file 6, including the entries in US Pharmacopeia
Medicines Quality Database that lists two reports of
the quality of gliclazide from Cambodia in 2008, both
samples passed screening tests.41
We found no prevalence surveys of the quality of
SMBG supplies. Of the 29 publications (table 5) on
SMBG quality, the majority were recalls/alerts (n=17,
58.6%).15 42–56 Sixteen publications described inaccurate
blood glucose strip results, resulted in under and overestimation of blood glucose levels, risking wrong treatment
doses.42 48 52 53 55–59 These quality issues arose through
imperfect transportation conditions or sealing, causing
glucose strip degradation due to exposure to humidity
and/or temperature.45 51 53 Contamination by chemical

Figure 4 Percentage of concordance of the prevalence
surveys with 26 items included in the MEDQUARG checklist.
MEDQUARG, Medicine Quality Assessment Reporting
Guidelines.

substances during manufacturing resulted in inaccurate
results and a recall of 62 million strips.54 One manufacturer released an online alert system to monitor falsified
products in which poor quality glucose strips with inaccurate/potentially inaccurate test results were reported
between 2006 and 2015, in Bangladesh, China, Egypt,
Greece, India, United Arab Emirates, Pakistan, France,
Singapore and the USA.60 61
Discussion
We synthesised, from diverse publicly accessible sources,
the available evidence on the quality of antidiabetic medicines and SMBGs. The data available are very meagre and
do not allow an accurate synthesis of the current situation. However, these findings raise concern and suggest
that more evidence is needed to inform policy and interventions. Around 1/10 of the antidiabetic medicines
analysed in 5 prevalence surveys and 20 equivalence
studies failed analyses. Quality issues related to SMBG
supplies included falsified products and incorrect results
due to strip degradation or contamination. With the
large and increasing global burden of diabetes and the
increasing use of antidiabetics globally, the published
evidence clearly shows the lack of available evidence to
assess the extent of the problem and to identify actions
towards ensuring good quality antidiabetics and SMBG.
Efforts to increase access to antidiabetic medicines and
consumables, especially insulin in LMICs,5 need to be
linked to ensuring their quality.
We found no prevalence surveys on SMBG supply
quality and only five publicly available surveys aiming to
assess the quality of antidiabetics available in the market.
Only three published since 2010, among which only one
was published in scientific journals.40 The total number
of antidiabetic medicine samples analysed in the five
included surveys was very small (674 samples) in comparison to the vast use of antidiabetic medicines worldwide,
estimated to be worth >US$50 billion in 2017.62 63 This
number fell down to four if considering only the single
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Table 3 Quality of medicines per API in the included prevalence surveys and equivalence studies
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Report
type

Study

Location

API

Quality category and findings

Singh et al107

Case report South Korea and
UK

Insulin (oral)

Substandard: Oral insulin used in clinical trial was adulterated
with glibenclamide.

US FDA108

Recall

USA

Glibenclamide

Substandard: 45 lots of medicines containing glibenclamide
were contaminated by fungus.

SEARPharm Forum
Secretariat109

Seizure

India

Glibenclamide

Falsified glibenclamide was seized.

SecuringIndustry20

Seizure

China

Glibenclamide

Falsified: 9400 bottles seized. High glibenclamide content
killed two people.

AboutLawsuits.com110

Recall

USA

Metformin

Substandard: 52 lots were contaminated with chemical
substances.

Moreno Exebio et al111

Seizure

Peru

Unspecified

Falsified: 4 samples found.

US FDA

Seizure

USA

Metformin/
rosiglitazone

Substandard: Coformulated tablets found not to meet the
FDA standard formulation mix resulting in higher or lower API
content. Manufacturer was also accused of product mix-up,
causing tablets with different strength or type to be put in the
wrong bottles.

Vanguard113

Seizure

Nigeria

Metformin

Falsified: 70 cartons found.

Taylor114

Seizure

Multinational

Glimepiride and
rosiglitazone,
other antidiabetic
medicine
(unspecified)

Falsified: International operation to address ‘online sales of
illicit medicines’ (Operation Pangea). Including inspections
and seizures of falsified medicines. Number of antidiabetic
medicines not specified.

Woodcock115

Case report USA

Insulin

Suspected degraded: Patient used resold stolen insulin,
resulting in ‘poor blood glucose control, likely as a result of it
(insulin) not being stored properly’.

Administracion Nacional
de Medicamentos,
Allmentos y Tecnologia66

Recall

Argentina

Insulin

Falsified: 2 lots of insulin; detected through the national
medicine tracking system.

Dominican Today116

Seizure

Dominican
Republic

Unspecified

Falsified: 1 person arrested.
‘Among the drugs seized there are painkillers, antibiotics and
others used to combat hypertension and diabetes mellitus.’

112

Medicines and Healthcare Seizure
Products Regulatory
Agency117

UK and 114 other Unknown
countries

Falsified: A part of Operation Pangea; 156 arrests made
worldwide.
‘Types of medicines seized include […] diabetes […].’

Market118

Recall

India

Substandard: Tablets failed dissolution test.

FDA Philippines

Recall

Philippines

Lixisenatide

Substandard: 3 batches found.

Vanhee et al65

Seizure

Belgium

Insulin

SorF: 20 samples of ‘suspected illegal insulins’ seized by the
Belgium Federal Agency for Medicinal and Health Products,
porcine insulin with degradation product detected.

119

Glimepiride

API, active pharmaceutical ingredient; FDA, Food and Drug Administration; SorF, substandard or falsified.

survey published in scientific journals after the publication of MEDQUARG, with none of the four samples
failing any tests.
For insulin alone, the demand in 2014 was 2.15 billion
vials.6 However, we retrieved only one publicly available
report on insulin quality. This report, published in 1979,
showed that the 64 ‘conventional insulin preparations’
tested contained ‘considerable amounts’ of several
hormonal peptide contaminants including pancreatic
glucagon, pancreatic polypeptide, vasoactive intestinal
peptide and somatostatin.38 In the past, insulins were
extracted and purified from animals. These contaminants are now avoided through newer manufacturing
methods, for example, recombinant human insulin.64
This report reminds us that medicines deemed standard
8

today may be deemed substandard in the future, as the
standards applicable to medicines evolve. As there were
uncertainties regarding the reference acceptance ranges
for the amount of contaminants found, this study was
excluded from our analysis.
The recent description of suspected illegal insulin
seized by inspectors in Belgium is of concern.65 The
quality of insulin delivery devices such as insulin pens
and pen needles is outside of the scope of this review.
However, the finding of falsified insulin pens in Argentina, and insulin pen needles in the UK, Poland and
the Netherlands are worrying–highlighting the need
for postmarketing surveillance of the quality of these
products.66–69
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Table 4 Summary of seizures, recalls and case reports of medical products for diabetes management

BMJ Global Health

Sampling method

Location

Findings

LifeScan, 2006
LifeScan, 2006
Blackwell, 2007
Bloomberg News, 2007
US FDA, 200615 43 44 59 120

Manufacturer investigation
(sampling technique
unspecified), recall/alert

USA, Canada

Falsified glucose strips imported from China sold in the USA and
Canada resulting in incorrect reading. Six lots identified.

Castel and Breillat, 200855

Recall/alert

France

SorF glucose strips: overestimation of blood glucose level, 4 lots
affected.

Cheng, 2009121

No sampling

USA

Global review on falsified medical products used in diabetes
treatment.

Platt, 200946

Recall/alert

USA

Expired and recalled glucose strips were sold by the company that
was supposed to recycle them.

LifeScan, 2010122

Manufacturer investigation
(sampling technique
unspecified)

Egypt

Falsified glucose strips giving highly inaccurate results or failing to
give result.

Health Sciences Authority,
Singapore, 201042

Recall/alert

Singapore

SorF glucose strips: underestimation of blood glucose
concentrations.

MacDonald, 201056

Recall/alert

France

SorF glucose strips: underestimation of blood glucose level, 1 lot
affected.

Agence Nationale de la
Sécurité du Médicament
et des Produits de Santé,
2011(a)53

Recall/alert

France

SorF glucose strips: resulting in overestimation of blood glucose
level, 1 lot affected.

Agence Nationale de la
Sécurité du Médicament
et des Produits de Santé,
2011(b)52

Recall/alert

France

Degraded glucose strips: due to accidental opening of flasks during
transport, possible inaccurate result.

Health Sciences Authority,
Singapore, 201149

Recall/alert

Singapore

SorF glucose strips: can give inaccurate reading.

Loftus, 201147

Recall/alert

India, Pakistan

Falsified glucose strips manufactured in China were found in India.
Falsified strips were also found in 2009.

Mori et al, 201127

No sampling

N/A

A review discussing medical device quality in resource-limited
settings.

LifeScan, 2013123

Manufacturer investigation
(sampling technique
unspecified)

Greece

Falsified glucose strips: 7 lots found.

NBC News, 201354

Recall/alert

USA

Substandard glucose strips: chemical contamination of strips
distributed to 13 countries.

US FDA, 201357

Case report

USA

SorF glucose meter and strips: overestimation of blood glucose
concentrations

US FDA, 201348 58

Recall/alert

USA

Twenty-one lots of SorF glucose strips were found. When used, the
strips showed incorrectly low readings.

LifeScan, 2015124

Manufacturer investigation
(sampling technique
unspecified)

Bangladesh

Falsified glucose strips: 5 lots found.

LifeScan, 2015125

Manufacturer investigation
(sampling technique
unspecified)

India

Falsified glucose strips: possible falsification within 4 lot numbers.

FDA News, 201645

Recall/alert

UK

Improperly sealed glucose strips found circulating.

Nipro Asia Pte Ltd, 201651

Recall/alert

Singapore

Degraded glucose strips: may give inaccurate result. Degraded due
to opened vials during transport, 6 lots affected.

PTS Diagnostics, 201650

Recall/alert

Singapore

SorF glucose strips: giving inaccurate reading

LifeScan, unknown60

Manufacturer investigation
(sampling technique
unspecified)

Bangladesh, China, Describing falsified LifeScan glucose strips.
Egypt, Greece,
India and UAE

LifeScan, unknown61

No sampling

N/A

Manufacturer policies to fight poor quality medicines through
four processes, namely: distribution, identification, enforcement,
prevention.

SafeMedicines, unknown126

No sampling

USA, Canada,
India, Egypt,
Pakistan

Articles discussing falsified medical products used in the treatment
of diabetes (including glucose strips) found globally.

FDA, Food and Drug Administration; N/A, not applicable; SMBG, self-monitoring of blood glucose; SorF, substandard or falsified; UAE, United Arab Emirates.
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Table 5 The main characteristics of the reviewed publications on the quality of SMBG supplies
Study

BMJ Global Health

10

acceptance ranges of the USP monograph from 2017 had
been followed, the number of samples failing dissolution
test would be reduced from 12 out of 23 (52.2%) to 8 out
of 23 (34.8%).70 In most prevalence surveys, we found
limited detailed information on samples and/or samples
quality with breakdowns by outlet sampled (eg, licensed
vs unregistered outlet), cost of medicines or country of
manufacture. We thus did not perform causal factors
analysis that, although crucial to better inform policy,
could lead to misleading results and interpretation.
Poor quality antidiabetic medicines containing lower
amounts of API than stated, or poor dissolution rate engendering reduced bioavailability will, as for non-adherent
patients, risk developing macrovascular and microvascular
complications,17 71 and severe infections, such as pneumonia, tuberculosis or melioidosis.17 72 73 Complication-related hospitalisations will further increase costs to patients
and society.74
The USP 40 and the Chinese Pharmacopoeia (2010)
percentage API acceptance range is 95%–105% for
metformin and 90%–110% for glibenclamide tablets.75 76
There is limited evidence for the dose–response relationship for either medicine,77–79 making it hard to predict
the relative risk of acute or regular underdosing and overdosing for either medicine. However, underdosing is likely
to impair glycaemic control and with the inherent risk of
hypoglycaemia with most of the oral antidiabetic medicines (especially with sulfonylureas such as glibenclamide)
at normal doses, those containing high percentage API are
especially dangerous.80 Glibenclamide has also been found
in falsified erectile dysfunction drugs with devastating
lethal hypoglycaemic consequences.81 Unexplained hypoglycaemia with new medicines, brand or batch numbers
should prompt investigation of their contents.
Higher failure rates were found in previous
reviews.22 23 82 83 Almost one-third of antimalarials tested
failed either packaging or chemical tests in a review
published in 2014.22 Failure rates of 19.1% and 12.4%
were observed in a review of 96 articles for antimalarials
and antibiotics, respectively.83 Although the number of
publications gathered for these reviews were much larger
than for our review, authors also concluded that the estimate of the prevalence and distribution of SF medicines
could not be accurate because of the heterogeneity of
study methodology, as illustrated by an I-square parameter of 0.99 in a recent meta-analysis.83
The evaluation of glucose meters and strips quality is
complex since glucose readings are influenced by multiple
factors, including the analytical properties of the device, the
calibration and setting of the device and user compliance
with testing procedures.84 The currently available standards
for glucose meter and strip performance and scientific
literature mainly focus on the accuracy of the device, overlooking user error or the clinical impact of inaccuracies.84
As with medicines, consensus on a standardised definition
and methods to evaluate the quality of SMBG supplies and
other medical devices must be established to enable a more
valid prevalence estimation.27 30
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We only included five prevalence surveys, in which glibenclamide, metformin, gliclazide and glimepiride were
assessed, with none for numerous other antidiabetic
medicines (see table 3). With a median of 112 samples
collected in the five prevalence surveys analysed in this
review—only two using random sampling—a global estimate of the prevalence of poor quality antidiabetics is
thus not possible. However, since there should be no poor
quality medicines or medical products circulating, the
finding of any poor quality samples indicates a problem
that needs further investigation.
There were only four data points from the Americas,
despite North America and the Caribbean having the
highest age adjusted adult prevalence of diabetes.1 Seven
countries with high adult diabetes prevalence (20%
or more) have no data points (ie, Kuwait, Qatar, Cook
Islands, Marshall Islands, Nauru, Palau and Tokelau).1
China has the largest number of patients with diabetes
globally1. No published prevalence survey of the quality
of antidiabetic medications in the Chinese pharmaceutical supply chain was identified, although lethal cases
of falsified glibenclamide, containing dangerously high
glibenclamide content, were reported in 2009.20 21
The quality of reporting was poor, as reflected by
the low MEDQUARG scores. Survey design and results
were not well described, making it difficult to judge the
evidence. Random sampling, that will minimise bias, was
used in only two of the prevalence surveys reviewed, probably because random surveys require more resources
compared with convenience surveys. A more economical
but objective approach would be to use lot quality assurance sampling (LQAS), as a ‘screening’ step, to determine if the prevalence of poor quality medicines exceeds
a predefined threshold, but LQAS cannot give an accurate estimate of prevalence.36
Only one of the surveys clearly delineate the classification of samples as SF. In most of the surveys and all
the equivalence studies, quality was determined only by
chemical analysis, without packaging analysis which is
vital for distinguishing falsified and substandard medicines, essential data for determining actions.
Limitations of this review include that searches were
conducted only in English and French, and that medicine
regulatory authorities and the pharmaceutical industry
are likely to have significant amounts of data not shared
with the public. There may be unpublished data if no
SF antidiabetics were identified in a survey, or if SF antidiabetics were found but public release may have been
considered damaging to the country or pharmaceutical
company.22 The publicly available data on antidiabetics
quality included in this review are scarce, of low quality,
and the studies varied greatly in methodology. Only two
surveys were conducted using random sampling. Therefore, the summary presented in this work should be
considered with caution. One of the variation is the reference standard used. In one study, manufacturer specifications of the innovator’s product were used as a reference
to assess the quality of generic products. However, if

BMJ Global Health

Conclusion
The currently available data on the quality of antidiabetic
medicines and consumables are sparse and of variable
quality, suggesting that aggregated data should be interpreted cautiously. However, despite the relatively small
number of publicly available studies, poor quality antidiabetic medicines and SMBG supplies were identified on four
continents, suggesting that this is an important public health
issue and should be further investigated, through factory
inspections and postmarket surveillance, to ensure that the
benefits of modern diabetes management are fulfilled for
the burgeoning global population with diabetes.
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Another notable issue is the unauthorised reselling
of unused glucose strips. The advocates of this practice
argue that this facilitates strip access for the poorest, as
resold glucose strips are sold for less than the standard
market price.10 However, it has been argued that unauthorised reselling risks improper storage, exposing strips
to humidity and heat potentially affecting accuracy. One
company strategy of proactively detecting circulating poor
quality SMBG supplies and coordinating with governmental agencies to enforce regulation61 has resulted in
detection of falsified products.60 Such models of surveillance and coordination are needed to effectively tackle
the problem of SF medicines and medical products.
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