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EDITORIAL

Investigating the Quality of Care in Cardiovascular Medicine
Takeshi Morimoto, MD, PhD

uvality of care should be a core value within modern

healtheare systems. Cardiovascular medicine is the

one of the most advanced medical subspecialties in
providing evidence-based, state-of-the-art practices in devel-
oped countries. In spite of this, in the USA, medical interven-
tions, not discases themselves, resulted in approximately
44,000-98,000 fatalitics per year and roughly 1 in 100 patients
admitted to hospitals died because.of a medical intervention.!
The risk of undergoing medical care is considered the worst
compared to many industries and other human activities
(Figure 1).2 We are aware that medicine has saved many more
lives in history; therefore, we have conducted much research
in both basic and clinical sciences to maximize saved lives and

minimize injuries from medical interventions. Much clinical -

research has attempted to explore the association between
disease management and patient outcomes, whereas basic sci-
ence research has investigated the principles of such associa-
tion, even before the association has been identified.

Article p1058

Clinical researchers investigate the association between
disease management, such as drugs, devices, diagnostic tools,
severity classification, and symptomt gradients, and patient
outcomes, including some surrogatc measures. Well-con-
ducted research has provided data relevant to clinical practice,
and many more patients who were not investigated under the
rescarches also receive the benefit of such proven discase
management, However, who would not enjoy the state-of-the-
art practice? Of course, there are other factors that become
obstacles to the dissemination of state-of-the-art practice, such
as lack of funds or a lower educational level of patients and
the general public. Japan is a unique country among the devel-
oped countries in that, within its healthcare system, all patients
can receive ideal standard practice under universal healthcare
insurance with limited payment. If there is any variation in
disease management between patients, however, the reasons
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Quality of Care in Cardiovascular Medicine
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Age deterioration

Typical clinical researches

Figure 2. Components of quality of care and their obstacies.
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should be considered.

It is not necessarily the case that similar patients received
the same care, Some of the reasons are differences in the dis-
cases themselves or patient preferences, but one significant
reason is variation, which we term “quality of care™ 3 Typi-
cally, quality of care is determined and measured by (1) struc-
ture, (2) process, and (3) outcome.® To clarify the issues in
quality of care, I have differentiated surrogates from outcomes,
and imputed governance and healthcare regulations (Figure 2).
The definitions of quality of care and its components are dif-
ficult to determine, and several definitions have been reparted,
but one definition of quality care is “the degree to which
health services for individuals and populations increase the
likelihood of desired health outcomes and are consistent with

- current professional knowledge™.* Swucture is defined as “the
facilities, equipment, services, and manpower available for
care and the credentials and qualifications of the health care
professionals involved™.* How is structure determined? Gov-
ermance and healthcare regulations typically determine the
components of structure, such as people and equipment
invested. Process is defined as “content of care”, in other
words, “how the patient is moved into, through, and out of the
health care system and the services that are provided during
the carc episode”.® Outcomes vary widely from biological
changes in disease to physical function or satisfaction of fam-
ily members, but we should be aware that some of the com-
monly utilized outcome measures are surrogates, such as the
naming of physical conditions or change in blood components
(vs. avoidance of cardiovascular events),

Many clinical researchers have tried to provide evidence for
the associations between process and outcomes. Relationships
between the use of drugs or devices and difference in inci-
dences of diseases are typical examples. For instance, we have
explored the association of the unrestricted use of drug-eluting
stents (DES) and major cardiovascular events in patients with
acute coronary syndrome (ACS)® In that study, the process
was the unrestricted use of DES in patients with ACS and the

outcomes were all-cause death, myocardial infarction, definite
stent thrombosis, stroke, any coronary revascularization, and
major bleeding. It has been claimed that the unrestricted use
of DES for patients with ACS is safe. Thus, can we say that
the quality of care of patients with ACS should improve if we
used DES rather than other ireatment modalities? This phrase
may or may not be true, There are many alternative explana-
tions for particular observations, and no one can know the
absolute truth. No observation is free from bias and confound-
ers, even in well-conducted randomized controlled trials,
There are also many issues with the lack of evidence for
associations between process and outcomes, as well as with
associations between frequently used surrogates and patient-
oriented outcomes (Figure 2), We have to recognize the many
limitations inherent to any clinical research. Thus, in the
future, we should conduct more solid clinical research to con-
firm previous obscrved findings and explore new associations
to improve the quality of care.

Expanding the scope from the typical clinical research (red-
bordered square in Figure 2), we should be aware of other
important components in the quality of care, namely structure
and its determinants (governance and healthcare regulations).
1f the findings that suggest the unrestricted use of DES improved
the long-term outcomes in patients with ACS are true, does the
gquality of care for such patients improve? The answer is no, If
DES use were not approved for ACS patients? If the charge
was not reimbursed by the insurance? If the ACS patient was
not diagnosed correctly? If such patients cannot meet capable
interventional cardiclogists within the appropriate time? If
radiology technicians are not available when such patients
arrived? If, if, if... We are now aware of the importance of
structure, governance, and healtheare systems to achieve state-
of-the~-art medical excellence in real-world medicine,

In this issue of the Journal, Tomoike and colleagues? pro-
vide an excellent view on the geographical distribution of
medical resources in cardiovascular medicine as part of a
Japanese Circulation Society project. Readers should keep in
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mind that this report was based on a limited number of hospi-
tals that responded to the survey, which the authors note as a
limitation. However, the authors did their best to compare
their data with the national census, It is also vital to keep in
mind that urban areas had more resources whereas rural areas
had fewer even in the same prefecture. The authors conipared
the resources in cardiovascular medicine to the population and
obtained Gini coefficients. The Gini coefficient is a well-
known scale of inequality, which ranges from 0 (perfect equal-
ity, ie, everyone has the same resources) to I (perfect inequality,
ie, only one has all resources while all others have none).® To
better explain this, I will use a monetary example. The Gini
coefficient of wealth in Fapan was 0.32 in 2008 and that of the
USA was 041 in 2010.* Those of African countries were
generally greater than 0.5.° The Gini coefficient of wealth in
Finland, a country well known for higher equality in health-
care, was still 0.28 in 2010. Compared with the index of wealth
distribution, cardiovascular medicine generally provided equal
practice, by comparison of the Gini coefficients, at approxi-
mately 0.15 among the surveyed hospitals in Japan, The study
also sheds light on an area that needs improvement. The Gini
coefficients of pediatric care were greater than 0.25.

These data represent one aspect of the structure of cardio-
vascular medicine in Japan. To improve the structure, good
governance and good healthcare regulations are needed. As
shown in the article, the equality of healthcare is generally
good in Japan, but we still need the support of healthcare
regulations. The breakdown of structure occurs if governance
is poor or if age deterioration is allowed to ocour. We fre-
quently encounter a mismatch between structure and process
in many aspects of reality. This article does not demonstrate

the association between structure and process or outcomes.
Thercfore, well-designed clinical research studies to confirm
the relationship between structure and true outcomes are
strongly needed.

Conflist of terast
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Abstract

substandard.

and the drug supply quality in Mongolia,

To determine the prevalence of substandard drugs in urban (Ulaanbaatar) and rural (selected provinces) areas of
Maongofia, samples of 9 common, therspeutically important drugs were collected from randomly selected drug
outlets in Ulaanbaatar and 4 rural provinces by “mystery shoppers”. Samples wera analyzed by visual inspection,
registration status, and biochemical analysis. Samples failing to meet all Pharmacopeia quality tests were considered

In the rural provinces, 69 out of 388 samples were substandard, giving an estimated prevalence of substandard drugs
of 17.8% (95% CI: 14.1-22.0). There were 85 unregistered samples, giving a prevalence estimate of unregistered drugs of
21.9%. (95% Cl 17.8-26.3). In the urban Ulsanbaatar districts, 112 out of 848 samples were substandard, giving an
estimated prevalence of substandard drugs of 13.2% (95% CI: 11.0-15.7). There were 150 unregistered samples, giving a
prevalence estimate of unregistered drugs of 17.7% (95% CI: 15.2-204).

In the rural provinces, 35 out of 85 (41.29) unregistered sarnples were substandard; whereas 34 out of 303 (11.29)
registered samples were substandard. (p < 00007} In the urban districts, 18 out of 150 (12.0%) unregistered samples
were substandard, whereas 94 out of 698 registered were substandard. (13.5%) (p = 0.6).

The prevalence of substandard and unregistered drugs is higher in rural provinces. There is a significant association
between substandard and unregistered drugs in the provinces but not in the urban districts. The underlying causes for
substandard drugs need to be further investigated in order to help formulate strategies to improve pharmacovigilance

Keywords: Medication quality; Substandard; Falsified; Patient safety; Asie; Developing countries

Background

Poor quality drugs have been increasingly recognized as a
global public health threat because they have the potential
to result in inadequate treatment, cause adverse effects
from toxic ingredients, and promote drug resistance. The
nomenclature of the categories of poor quality medications
can be confusing. The World Health Organization recently
chose to group all categories together as “SSFFC": sub-
standard, spurious, falsely-labeled, falsified, and counterfeit.
Revision of these categories as: “substandard” - drugs that
for unintentional reasons do not meet the legally required
quality specifications of a country’s regulators, “unregis-
tered” - drugs that do not have the legally required market-
ing authorization from the countrys regulators, and

* Correspondence: k&moz(ey@mgh.h;n;é\r&%&'&w oo
"Department of Medicine, Harvard University, Boston, MA, USA
Full tist of author information is available at the end of the article
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“falsified” - drugs that are unlawful, and violate the regula-
tors quality specifications, with criminal intent was subse-
quently suggested {Attaran et al. 2012). Fernandez, et al.
raise the issue that a genuine drug found to have an insuffi-
cient amount of an active ingredient could be substandard
or degraded (Fernandez et al. 2011), indicating poor quality
drugs can result from issues in production or external fac-
tors such as environmental conditions, impacting quality
after distribution.

The true extent of the problem is difficult to ascertain.
Reasons for this include the difficulty and expense in
performing a methodologically sound study, reluctance
of governments to disclose information and the fact that
many of the effects on patients are difficult to detectand
hidden in other public health statistics (Cockburn et al.
2005). In his 2010 article, Newton states there i§ an ur-
gent need for data of sufficient sample size, with random

© 2014 Khorelhat et al; ficensee Springae. This is 20 Open Access articls disributed under the terms of the Creative Commons
Attrihution License (http/oreativerommons.org/icenses/by/4.0) which permits urvestricted use, distribution, and reproduction
in any medium, provided the prginal work is properly credited,
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sampling design to reliably estimate the prevalence of poor
quality medicines (Newton, et al. 2010) Literature reviews
of prevalence studies on falsified/substandard drugs report
that the percentage of substandard drugs in various Asian
and African countries range from 8-46% (Caudron et al.
2008), and the median prevalence of substandard/falsified
medicines was 28.5% (range 11-48%) (Almuzaini et al
2013). The World Health Organization (WHO) conducted
a survey on the quality of selected anti-malarial medication
in 6 subSaharan African countries, which found that 28.5%
of the samples failed to meet testing requirements, with
11.6% having extreme deviations, and therefore likely to
have negative health implications (Sabartova et al. 2011a).
Another WHO survey was conducted on the quality of
anti-tuberculosis medications in Russia, and found 11.3% of
the samples failed to meet study specifications, with 1.0%
having extreme deviations (Sabartova et al. 2011b). In 1999,
WHO conducted a survey of drug quality in Myanmar and
Vietnam, and found that 16% of the samples did not meet
all specifications of testing (Wondemagegnehu 1999).
Between 2004~2006 the pharmaceutical procurement
system in Mongolia underwent decentralization, and is
now 100% privatized. In the current system, the Division
of Pharmaceutical and Medical Devices, Mongolian
Ministry of Health (MoH) is responsible for the policy,
planning and regulatory affairs in providing pharmaceut-
ical care in Mongolia. The special licenses for manufac-
turing, importing, purchasing pharmaceuticals and
medical devices are granted by the Special Permission
Committee of the MoH. Drugs are distributed through
drug wholesalers and retail drug outlets (community
pharmacies and revolving drug funds (RDF)). Whole-
salers can import and procure drugs with an approval

and special permission from the Mongolian Minister of -

Health. In 2011, there were 158 registered drug whole-
saling companies and 42 local drug manufacturing
companies, some of which act as both wholesalers and re-
tailers. Approximately 85% of all drugs are imported from
other countries, primarily Russia and India, followed by
Germarty, Slovenia and China,

Poor quality drugs have been a concern in Mongolia,
supported by the findings from a 2006 study on unregis-
tered, falsified and substandard drugs (Mongolia Ministry
of Health 2006). Using convenience sampling methods,
225 samples were collected from 40 drug outlets around
the country, 55 of which were felt to be *suspicious” and
were sent for further testing, Sixteen of these were felt to
be “inconsistent” and 8§ were possibly counterfeit. A 2008
study by Tsetsegmaa found that 11 of the 16 medications
reported in the surveillance were substandard (Tsetsegmaa
2008). In a 2009 report, lack of knowledge about the ef-
fectiveness of drug quality monitoring in Mongolia was re-
ported as a gap that should be a prority for further
investigation (Abdelkrim 2009},

Page 2 of 10

This research study was undertaken to address these
concerns, and provide data of good methodological qual-
ity to accurately determine the prevalence of substand-
ard drugs in the rural and urban areas of Mongolia after
the decentralization and privatization of the Mongolian
pharmaceutical system. This information will be of value
to Mongolian policy makers, public health officials and
pharmaceutical practitioners to reliably determine the
extent of the problem, and then can serve as a valid
comparison for future studies to evaluate interventions
to improve the drug supply quality. It will also help
guide further research to better understand the health
impact of poor quality medications in Mongolia.

Methods

Site selection

Mongolia is a landlocked country in north central Asia,
with 21 rural provinces, plus 1 municipality, the capital
city of Ulaanbaatar where over 60% of the population lives.
Because the conditions in rural provinces vary greatly
from the urban area of Ulaanbaatar, samples were col-
lected, analyzed, and reported independently, Samples for
this study were collected from 4 districts in Ulaanbaatar
{Chingeltei, Khan-Uul, Bayanzurkh, and Songinokhair)
and 4 rural provinces (Bayan-Uglii, Dornogobi, Selenge,
and Umnugobi) representing the main geographic regions
of the country. Samples were obtained from the different
types of drug outlets in the provinces: Revolving Drug
Fund (RDF- a government outlet), retail pharmacy outlets,
and wholesalers. In Ulaanbaatar districts, samples were
only obtained from retail pharmacy outlets and whole-
salers, as RDF outlets are only present in the provinces.
Samples from unofficial drug outlets and the informal
market were not included in this study.

Medications included in the study were selected based
on high therapeutic importance and utilization based on
discussions with local experts from Schools of Pharmacy,
Public Health, and Mongolian National University of
Medical Sciences. They are ail on the Essential Drug List
and available with or without a prescription. All samples
were tablets or capsules and include antimicrobials (ampl-

* cillin, amoxicillin, co-trimoxazole, metronidazole, doxy-
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cycline, nystatin), analgesics (paracetamol and ibuprofen),
and bromhexin, a commonly used medication for respira-
tory illness (Table 1).

Sample size calculation :

Prevalence studies from other countries indicate a wide
range of substandard drugs, 8-46% (Caudron et al. 2008),
and 11-48% (Almuzaini et al. 2013). Based on this infor-
mation and the previous studies of falsified/substandard
drugs in Mongolia, we targeted our sample size to detect
at least a 5% prevalence (alpha of 0.05 and beta of 0.9).
This calculation was 134 samples for each drug {1206 for
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Table 1 Drugs in study population
Dosage form

Pharmacopeia
reference

Mongelian National
Pharmacopeia 2011

Name of drug

Metronidazole 250 mg/tab

Pharmacopeia of the
Peaple’s Republic
of China 2008, vol. 4,

British Pharmacopeia
2001, Vol.2

Mongolian National
Pharmacopeia 2011

Nystatin 500000 1D/tab

ibuprofen 400 mg/tab

Pharmacopeia of the
People’s Republic
of China 2005. Vol. 1,

Mangolian National
Standlad-MNS
6149-2010

Mongolian National
Pharmacopeia 2011

Co-triroxazole 480 mg/tab

Amoxicillin 500 mg/cap

Mongollan National
Pharmacopeia 2011

Paracetamol 500 mg/tab

Pharmacopeia of the
People’s Republic

of China 2005. Yol. Ii,
British Pharmacopsia
2001, vol. 2

Mongolian National
Pharmacopeia 2011

USP 23

Mongolian National
Pharmacopeia 2011

Ampicillin 500 mg/cap

Bromhexin 8 mg/tab

Pharmacopeia of the
People’s Republic of
China 2005. Vol I,

Mongolian National
Standard-fMNS
§776-2007

Pharmacopeia of the
People’s Republic
of China 2005, Vol. 1,

Doxycycling 100 mg/cap

all drug types combined) distributed among the provinces
or districts. In order to detect a 10% prevalence, the sam-
ple size needed was 67 (603 combined) and 15% preva-
lence was 38 samples (342 combined).

Sampling techniques

The sampling strategy included weighting the sample
size by population and the number of the types of drug
outlets in the province or district. Drug outlets to be
sampled were selected randomly.

A sample was defined as 100 dosage units (tablet or
capsule) of a given drug of the same lot number pur-
chased in blister packs of 10 dosage units.

Samples were collected from the 4 provinces between
May 2012 and September 2012 and from the 4 Ulaanbaatar

13
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districts between July 2012 and March 2013 by “mystery
shoppers”, These were trained field workers, who presented
themselves as local customers, and followed the study
protocol for obtaining drug samples based on recom-
mended sampling techniques (Newton et al. 2009). If they
were unable to purchase the necessary quantity for a
complete sample from one batch or lot, this was noted and-
attempts were made to purchase it from another randomly
selected outlet of the same type. Collected samples were
placed in a box, then transported to and stored in lockers
at the School of Pharmacy, Mongolian National University
of Medical Sciences. The transport box and lockers met the
temperature and humidity requires of the WHO Guidelines
for the Sampling of Pharmaceutical Products, and were ac-
cessible only by the main study investigator.

Sample analysis

Sample analysis for each sample consisted of visual inspec-
tion of the packaging and labeling, and determination of
registration status, expiration date, couniry of manufac-
ture, biochemical analysis, and company of manufacture,”
An online database developed by the Ministry of Health in
Mongolia (Licemed) and archive docurnents from the
registration of drugs were used to complete the visual in-
spection. The database includes information such as size,
color, labeling and numbers of the packages and labeling,
In addition, the WHO guideline for the Development of
Measures to Combat Counterfeit Drugs was used, (World
Health Organization 1999) A sample was considered sus-
picious if the package and labeling was not consistent with
registered information for that drug and manufacturer.
Samples with suspicious packaging and labeling were sent
to the manufacturers for confirmation. If the manufacturer
confirmed that it was their product, the sample was con-
sidered acceptable.

The registration status of all samples was determined by
visual inspection of the packaging, and then confirmed
using the drug registration archives at the Mongolian
Ministry of Health. Registration was not considered a re-
quirement for determining whether or not a sample was
substandard.

Drug samples underwent biochemical analysis by 1 of
3 laboratories in Mongolia: Drug and Bio-preparation
Central Laboratory of Specialized Professional Inspec-
tion Agency (SPIA); Drug Control Laboratory, School of
Pharmacy, Mongolian National University of Medical Sci-
ences; and the Drug Testing Laboratory “Monos Group”.
These laboratories are accredited by the Standardization
and Technical Regulatory Office of the Centre for
Standardization and Measurement in Mongolia, which is
responsible for the technical standards in local production
and quality control, The Pharmacopoeias were chosen ac-
cording the country of origin of the sample or specification
requirements of the manufacturer (Table 1), (British
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Pharmacopoeia 2001, Mongolian Pharmacopeia 2011,
Pharmacopeia of the People’s Republic of China 2005).
These requirements vary by drug, and include 8-11 of
the following tests: appearance, assay, disintegration, dis-
solution, hardness, identification, irradiance absorption,
water, fiiability, weight average and weight variation
(Table 2). The qualitative analysis included: 1). visual in-
spection of package and labeling, 2). characteristics of the
sample (appearance, odor, color dosage form), 3). uniform-
ity of weight, disintegration, and dissolution, 4). identifica-
tion of components by chemical reaction, and thin layer
chromatography, spectrum analysis on UV spectropho-
tometer and IR spectrophotometer. Quantitative analysis
included assay of active compounds by spectrophotomet-
ric, titrometric and chromatographic methods. A sample
was considered to be substandard if it failed to pass all re-
quired tests for the drug required by the article require-
ments in the Pharmacopeia used, that is, if the sample
failed one or more of the required tests it was considered
substandard.

Ethics approval

Ethics approval was obtained from the World Health
Organization Ethics Review Committee and the Medical
Ethics Committee of the Ministry of Health, Mongolia.

Statistical analyses

Measurements were presented as numbers and per-
centages with 95% confidence intervals (CIs), and were
compared with the chi-square test or Fisher’s exact test. P
values <0.05 were regarded as statistically significant.

Table 2 Sample analysis definitions

Test Definition

Appearance Clean, smooth surface and uniform color of tablet or
capsule

Friction and Tablet crushing strength

substantial

Weight average  Average weight of 20 tablets

Weight Difference between the weight of the content of each

variation solid form and the average weight of solid forms

Disintegration  Disintegration or disbursement of solid preparations
into fragments or particles in a liquid medium

Dissolution Rate and degree of dissolution of active ingredients
in liquid medium

Content Contents of single ingredient solid preparations

uniformity

Water etermine water loss on drying

{Loss on drying)

Igentification Verify identity by visual inspection

Irradiance Absorbance in the ultraviolet region

absorption

Assay Determine content of active ingredients
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Results

Description of sample and analysis results

Sample description

The number of samples collected for this study was 388
from the rural provinces and 848 from the urban districts
of Ulaanbaatar. The distribution of the samples based on
location by drug outlet type is presented in Table 3, and
location by drug in Table 4.

Sample inspection

Out of 388 samples from the rural provinces, only 3 were
found to be past expiration date, There were 4 others that
expired within the data collection period of May to August
2012, so may have recently expired. Out of 848 sarnples
from the Ulaanbaatar districts, none were found to be past
expiration date.

On initial inspection, 22 drug samples from the rural
provinces and urban districts combined were found to
have variation in the packaging and labeling of the drugs
when compared with the products registered in Mongolia.
Upon review by the manufacturer, all 22 were found to be
acceptable or meeting standards due to packaging updates.

Biochemical sample analysis

Failure to pass the assay test (e.g. amount of required ingre-
dients fell outside range of Pharmacopeia standards) was
the most common reason that a sample was found to be
substandard. Failure to pass this test indicates that the sam-
ple did not meet the threshold requirements regarding
amount of drug present and does not give any information
about the degree or direction of deviation from the re-
quired standard (Table 5). In the provincial group, 51 out of
388 (13.4%, 95% CI: 9.9-16.9) samples failed the assay test.
The other common reasons were weight variation and

Table 3 Number of samples by location and drug outlet
type

Wholesale Retail RDF* Total

N % N % N 9% N %
Rural provinces
Bayan-Ulgii 15 39 77 198 34 B8 126 325
Dornogobi 14 36 30 77 3% 93 80 06
Selenge 12 3 52 134 58 149 122 314
Umnugobi 10 2.6 27 70 23 59 60 i5.5
All provinces 51 131 186 479 151 389 388 100
Urban districts
Bayanzurkh 41 48 248 292 NA NA 289 340
Chingeltel 50 59 117 131 NA  NA 181 190
Khan-Uul 32038 97 114 NA ONA 129 152
Songinokhairkhan 26 3.1 243 2B7 NA NA 269 317
All districts 148 176 699 824 NA NA 848 100

*ROF: Revalving Drug Fund {government outlet).



Table 4 Number of samples by drug and location

Amoxicillin Ampidillin hs Coe ! Doxyeycling ibuprofen M id; Hystati P } Total

Rural province N L] N % N % N % N % N % N % N % N % N %
Bayan-Utgil [ 44 14 36 13 34 V7 44 0 26 i3 34 18 15 39 13 34 126 325
Dormnogohl it 28 8 21 & 21 10 26 0 25 g 24 & 21 G 23 8 21 8 206
Sekenge 12 31 13 34 14 38 14 35 4 36 3 34 12 34 i8 4% i1 a8 122 34
Umnugobl 8 15 5 13 & 15 5 15 9 23 b 36 15 ? 18 [ 15 80 155
All provinces 45 12 40 10 41 11 47 12 43 11 43 11 41 1 49 13 38 10 388 100
Urban district

Bayarzurkhy 33 39 37 44 41 48 30 35 &7 32 3 37 37 445 R 37 22 28 29 3
Chingelted E 28 15 18 13 15 18 21 7 20 X 24 2 25 19 22 4 1.7 61 190
Khan-Uu} " 1.7 15 18 19 22 14 17 1" 13 12 t4 16 19 % 18 12 14 129 152
Songinokhaitkhan 30 35 g 3z 33 39 33 38 B 33 2 38 38 41 H 40 17 2 %e 317
All districts W 1 %4 1t 108 1S 95 1.2 83 98 95 112 109 128 00 118 &5 ”nr 848 100

15

AR

G0LE "FLOT STiaabupds 1w 1 JeqpaIngy

Ciy

GOLA/EL

0} jo § abed



Khurelbat et af, SpringerPlus 2014, 3:709
http/Awww.springerplus.com/content/3/1/709

Table 5 Number of samples failing assay by location

Rural Urban

N % 95% Cix N % 95% C1*
Falled assay 51 131 99,169 55 6.5 49 84
Passed assay 337 869  B31,901 793 935 916951
Total 388 100 848 100

“Cl: confidence interval

weight average. There were a few samples failing tests for
dissolution, disintegration and friction (Table 6). In the
Ulaanbaatar district samples, 55 out of 848 (6.6%, 95% CI:
4.9~ 8.4 failed the assay test (Table 5). The other common
reasons were disintegration and dissolution. There were a
few samples that failed the following tests weight variation,
weight average, and friction (Table 7).

Prevalence of substandard drugs

Rural provinces

Out of 388 samples collected from all 4 rural provinces,
69 were classified as substandard, This gives a substandard
drug prevalence rate of 17.8% (95% Cl: 14.1-22.0) in the
rural provinces (Table 8).

Urban districts

Out of 848 samples collected from all 4 urban districts of
Ulaanbaatar, 112 were classified as substandard. This gives
a prevalence rate of 13.2% (95% CI: 11.0-15.7) substandard
drugs in the urban districts of Ulaanbaatar (Table 8).

Registration status

Rural provinces

Qut of 388 samples collected from the 4 provinces, 85
were unregistered. This gives a prevalence estimate of un-
registered drugs in the provinces of 21.9%. {95% CL 18.0-
26.3) (Table 9). Out of the 85 unregistered samples, 35
were substandard (41.2%), compared with 34 substandard
samples out of the 303 registered samples (11.2%). This is
a statistically significant difference (p < 0.0001) (Table 10).

Districts of Ulaanbaatar

Out of 848 samples, collected from the 4 districts of
Ulaanbaatar, 150 were unregistered. This gives a preva-
lence estimate of unregistered drugs in the Ulaanbaatar
districts of 17.7% (95% Cl: 15.2-20.4) (Table 9). Out of 150
unregistered samples, 18 were substandard (12.0%), com-
pared with 94 substandard samples out of the 698 regis-
tered samples (13.5%). This difference is not statistically
significant (p = 0.6) {Table 10).

Discussion

Our results provide prevalence estimates for substandard
drugs in Mongolia of 17.8% in the rural provinces and
13.2% in the urban districts of Ulaanbaatar, based on
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failure to meet the threshold quality standards estab-
lished in the selected Pharmacopeia. While our study de-
sign does not allow us to directly compare these results
from these 2 regions, it is interesting to note a modestly
higher prevalence of substandard drugs in the rural sam-
ple. We also noted a significant association between sub-
standard and unregistered drugs in the provinces, but
not in the urban districts.

Our prevalence estimates of substandard drugs of
17.8% and 13.2% in Mongolia are in alignment with the
range of 11-14% reported by Almuzaini et al. in their re-
cent review of substandard and falsified medications in
low and middle income countries in Asia and Aftica
(Almuzaini et al. 2013). Our prevalence estimates are
lower than the median percentage of 28% reported in
this review, however, this comparison is limited by the
differences in methodology, sample size, inclusion cri-
teria and drugs selected between the various studies re-
ported and ours. The most common reason for a sample
to be substandard was failure to pass assay test, which is
consistent with the findings of other studies (Almuzaini
et al, 2013), Failure to pass the assay test, along with fail-
ure to pass the disintegration and dissolution tests, the
other most common reasons in our study, indicates that
the bioavailability of the active ingredients was compro-
mised, This can lead to ineffective treatment, and in the
case of antibiotics, promote drug resistance. Of note,
almost none of the samples were found to be post-
expiration date, suggesting other factors are contributing
to the degradation in drug quality. Further investigation
into drug transport and storage conditions may help bet~
ter understand this, especially given the extreme weather
conditions found in Mongolia.

Another interesting finding of our study was the 21.9%
prevalence of unregistered drugs in the provinces and
17.7% in the districts of Ulaanbaatar, This raises the im-
portance of farther investigation of the drug supply
chain and evaluation of drug regulatory policies. Such
initiatives could be undertaken at the national level and
through collaborations with neighboring countries. We
believe this may be an especially important step to im-
prove the quality of the drug supply in the provinces
where there was a statistically significant association be-
tween unregistered and substandard drug samples.

An adequate sample size is essential to obtaining valid
results. Our sample size calculations indicated that we
would need 342 samples for each region to detect a 15%
prevalence. We achieved this in both the rural provinces
(N =388, 17.8% prevalence) and the urban districts (N =
848, 13.2% prevalence), However, there are some weak-
nesses in our study that could underestimate our preva-
lence estimates, These include the potential for drug
outlet personnel to selectively provide drugs if they were
suspicious about the reason for the purchase, and



Table 6 Saruple analysis for drags by acceptability from rural provinces

Amoxicillin_~ Ampicilin  Brombs Cortrir 1 Doxycycine  Ibuprof [ dazol Nystati [ i Total

# % # B # % ¥ % # % # % # % # % # % # %
Not acceptable
Assay 1% o % Q % & 2 4 1% n 455 7 & 7 % 4 2% st %%
Disintegration 54 9 4 &% 4 ] l % & % 5 % 1 [ O % o % 7 o
Uisslution 1 =3 3 % 0 0% 0 0% & o2 5 2% 2 1% 0 % 3 % 1 0%
Friction i3 ) [ 0% ] 0% b3 1% [ b Q 0% o ) G &% [+ 0% 5 (=23
W sversge [+ % 0 % 0 3 i % G B ] 0% 5 5% o] % ¢ % 16 1%
Wi variation 1 8% [ O 4] 0% 1 1% 1 &b S P 12 4% G 0% 5 2% 27 %
Hot acceprable total 4 1% [1} 0% o 0% 16 596 5 2% 26 %% 47 16% 7 3% 12 5% 1T &%
Acceptable
Appearance 46 14% 40 4% 4 17% a7 4% 43 14% 43 14% 41 4% 4% 17% 38 14% 388 15%
Assay 44 13% 40 14% 41 17% 41 12% 39 13% 3z 1% 4 &% 42 149% 34 139% 37 13%
Disintegration 46 4% 30 4% 41 iM% 46 14% 43 4% 38 3% 40 14% 4 1% 38 4% BT 4%
Dissolution 45 WS 4 HM% 2 1% H 1% 43 4% 38 3% 39 4% [ 0% 35 3% 47 %
Friction 3 123 0 0% ¢ % 40 12% [+ 1208 Q % 0 0% 4] o o 0% 40 2%
identfication 46 4% 40 W% 4 7% 47 14% 43 M% 43 4m 41 14% 49 7% 38 4% 388 1%
Irvadiarice ahsorption a e 0 % o 0% ] 0% § 56 0 % o % 0 0% ] [ 3 3
Substantial ] % 3} % [+} o3 2 1% ] 6 G 0% [} % 4] (B o Ko b B
Watar 4 % 0 % 0 0 0% a [ 0 [t 4] 0% 0 0% 4] % 4 ¥
W average 46 4% 40 % 41 % 46 4% 43 1Mo 43 W% 51 4 % 38 4% W2 14
Wt vatiation 45 14%6 40 14% 41 17% 44 13% 42 4% 38 13% % 0% 4% 7% 3 12% 361 4%
Acceptable totat 332 9%% 280 100% 248 100% 318 95% 30 98% 275 9% 240 84% 287  97% 254 95% 2825 9%
Grand tofal 326 100% 280 100% 248 J00% 334 00% 306 100% 301 100% 287 100% 294 100% 266 100% 12642  100%
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Table 7 Sample analysis for drugs by acceptability from urban districts

Araoxicillin Ampicillin Bromh [« ! Doxycyclh ik f M idazal N: P: § Total
# % # % # % ® % ¥ % ¥ % # % # % ¥ % ¥#%

Not Acceptable

Assay 9 1% 0 0% 4] 0% a % 8 % 8 1% 6 19% 23 4% 1 v 55 1%
Disirkegration 4 [ 4 % [} % Z o] Q a% 36 5% 0 0% 0 3 & i% a4 %
Digsolution 0 0% ] 629 o 0% i % 1 0% 8 1% 5 1% Q oy 5 1% pl] %
Friction ¢ 0% ¢ 23 o % 4 0% 0 % 1 % 0 0% 0 &% ] 0% 1 %
W Average 0 (3 0 O 0 3 [ % 0 % 0 0% 3 0% 0 0% [ 0% 3 e
Wi Variation 2 % [ 0% ¢} 0% 0 0% 7 1% 2 0% 3 % 4 0% 1 23 15 %
Not Acceptable Total i B o 0% 0 0% 3 [ 16 I/ 5 8% 17 2% 2B 4% 13 3% 138 2%
Acceptable Appearance 101 14% o4 14% 108 14% g5 13% 83 4% o5 13% 109 14% 100 7% [:3] 14% 848 4%
Assay 92 13% 0 M % 106 14% 95 13% 75 3% 87 0 1% 103 13% s 13 o4 % 793 13%
Disintegeation 101 14% 2] % 108 14% 9 12% 83 14% 59 8% 0 4% 00 1% 59 13% &2 13%
Dissalution W % M B 2 13 93 12% 82 % 8 1% 10 13% 2 0% 58 3% 619 0%
Friction 1 0% 0 o104 4% 94 2% 1 0% B2 9% 2 0% 1 % 0 0% 286
tdentification 101 14% M M W06 19% %% 13% 83 4% a5 13% {4 14% e % 65 14% 848 14%
W Average W01 9 % 4% 106 1A% 95 13% 83 Wh 95 3% 1% R0 1% 68 % 845 4%
Wt Variation 9 4% 94 4% W06 4% 95 13% 76 13% a3 13% 105 14% 1w 1% 64 4% 833 14%
Total Acceptable 697 98% 658 0% 42 100% 753 100% 556 % B2 9% 746 98% 581 96% 440 97% 5854 98%
Grand Total 708 100% 658 100% 742 100% 756 100% 582 100% 727 100% 763 100% 603  100% 453 100% 5092 100%
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