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I

Diabetes mellitus (DM) which is a major risk factor 
for chronic disease on its own causes increased death 
and disability. In developed and developing countries, 
approximately 50-70% of diabetes remains undiagnosed.[1,2] 

Screening for diabetes and pre-diabetes among adults 
may be cost saving.[3] Opportunistic screening in routine 
practice may be an affordable alternative or adjunct to 
population screening.[4,5] Cost effectiveness for diabetic 
screening increases when done opportunistically and 
by risk assessment before glucose testing.[6] A systematic 
review has identified that opportunistic screening 
for diabetes among 45-54 years African Americans is 
highly cost effective.[7] Few studies from the west have 
documented the feasibility of opportunistic screening for 
diabetes,[8,9] but none from India which has a large burden 
of diabetes. According to the diabetes atlas published by the 
International Diabetes Federation, the number of people 
with diabetes in India is around 65 million (2013) and is 
expected to rise to 101.2 million by 2030, unless urgent 
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A B S T R A C T

 Objective: To determine the feasibility of opportunistic screening for type 2 diabetes (T2DM) among adult attendees of medicine outpatient 
department (OPD) at a tertiary care hospital in Puducherry district, India. Materials and Methods: A hospital-based cross-sectional 
study was conducted among nonpregnant nondiabetic adults above 30 years of age attending MOPD to screen for diabetes mellitus 
(DM). Those with random blood glucose of 6.1 mM/l or more were sent for defi nitive tests; fasting plasma glucose and post prandial (PP) 
plasma glucose. Double data entry and validation was done. Results: A total of 510 outpatients were tested for random blood glucose: 
278 (54.5%) had blood glucose above the cut off. Out of 278, 83 (29.9%) returned for defi nitive tests: 18 [21.7%, 0.95 CI: 14.2%, 31.7%] 
had either fasting plasma glucose and/or PP plasma glucose in diabetic range and 16 (19.3%, 0.95 CI: 12.2%, 29.1%) had impaired fasting 
glucose and/or impaired glucose tolerance. Case detection (screening yield) of diabetes in the adult outpatients was 3.5% (0.95 CI: 2.2%, 
5.5%). Conclusion: Compliance or follow-up for defi nitive tests was poor resulting in low screening yield. Future studies should focus 
on interventions to improve follow up of outpatients.
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preventive steps are taken.[10] To contain the increasing 
burden of Non-Communicable Diseases (NCDs), Ministry 
of Health and Family welfare, Government of India, 
has launched the National Program on Prevention and 
Control of Diabetes, Cardiovascular diseases and Stroke 
(NPDCS).[11] The national program is still in expansion 
phase and has not yet been implemented in Puducherry. 
One of the strategies of the program, opportunistic 
screening of persons above 30 years, can be field tested 
before implementation. This study was carried out to 
assess the feasibility of opportunistic screening for type 2 
diabetes (T2DM) among outpatients attending medicine 
outpatient department (OPD) at a tertiary care center in 
Puducherry district, India.

M   M

Study design and setting
A facility-based cross-sectional study was carried out in  
Indira Gandhi Medical College and Research Institute 
(IGMCRI) of Puducherry, which caters to an average 
of 1000 outpatients per day. On an average, medicine 
department handles about 200-250 outpatients per day. 
There is no existing screening program for any NCD in 
the study facility and in the Puducherry district as well. 
No representative survey was carried out to document the 
prevalence of T2DM in Puducherry. Smaller studies have 
reported prevalence ranging from 5.8-9%.[12-15] These studies 
have estimated prevalence using different definitions/cut 
offs and varied age groups (above 20 years and 25 years).

Study/eligible population
All nonpregnant nondiabetic outpatients (age above 
30 years) attending medicine OPD constituted the eligible 
population. Outpatients who were known diabetic 
were excluded. The study period, including protocol 
development, data collection, data entry and analysis was 
four months, December 2012 to March 2013.

Sample size and sampling
Assuming a prevalence of T2DM as 10% among outpatients; 
an alpha value of 0.05 with absolute precision of ± 3% and 
a drop out of 20%, a total of 456 outpatients were required 
for the study. Expecting a drop out in outpatients referred 
for fasting plasma glucose (FPG) and post prandial plasma 
glucose (PPPG), a dropout of 20% was factored in while 
calculating sample size. Outpatients who gave their consent 
were included and the study was carried for 6 OPD days 
till the desired sample size was attained.

Procedure
All eligible outpatients attending medicine OPD were 
offered random blood glucose (RBG) test. RBG testing 

of capillary blood sample was done using a glucometer 
(One Touch SelectSimple Glucose Meter). Glucometer 
was standardized every morning against a standard glucose 
solution. Out patients above 30 years of age having RBG 
values 6.1 mM/l or above (screening criteria) were asked to 
undergo definitive tests, FPG and PPPG, for the diagnosis 
of diabetes next day morning. FPG and PPPG testing of 
venous blood sample was done using a fully automated 
blood chemistry analyzer by glucose oxidase method. RBG 
cut off of 6.1 mM/l was based on a study carried out in 
Chennai, India, which recommended this cut off value for 
the definitive tests for diabetes and pre-diabetes in Asian 
Indians.[16] For epidemiological diagnosis, a FPG value of 
7 mM/l or more and/or a PPPG value of 11.1 mM/l or 
more was considered as diabetes mellitus. FPG between 6.1 
and 6.9 mM/l; and/or PPPG between 7.8 and 11 mM/l 
was considered as pre-diabetes.[17,18]

Data entry and analysis
Data collected was double entered and validated in 
EpiData v.3.1 software. Analysis was carried out using 
EpiData analysis v.2.2.178 software. Proportions and 95% 
confidence intervals (CI) were calculated. Key analytical 
outputs were: (i) Proportion (number) of outpatients above 
30 years of age (and not known diabetic); (ii) Proportion 
(number) of outpatients who got their RBG tested; (iii) 
Proportion (number) of outpatients whose RBG was 
above or equal to 6.1 mM/l; (iv) Proportion (number) of 
outpatients with RBG above or equal to 6.1 mM/l who 
returned for definitive tests; (v) Proportion (number) of 
outpatients with RBG above or equal to 6.1 mM/l who 
had FPG 7 mM/l or above (diabetes) or between 6.1 and 
6.9 mM/l (pre-diabetes); and (vi) Proportion (number) of 
outpatients with RBG above or equal to6.1 mM/l who 
had fasting plasma glucose 7 mM/l or above (diabetes) or 
between 6.1 and 6.9 mM/l (pre-diabetes).

Ethics considerations
The study was approved by the Institute Ethics Committee. 
Patient information sheet and consent form were prepared 
both in English and in the local language (Tamil). Study 
participants found to be diabetic or pre-diabetic were 
provided standard care in the hospital. Cash incentives 
or incentives of any other form were not given to study 
participants.

R

Patient load in medicine OPD during 6 days of study was 
2170: out of which 1723 were more than 30 years of age; 
and 355 were known cases of DM. Prevalence of diabetes 
among nonpregnant outpatients more than 30 years 
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was 20.6%. Patient load of nonpregnant nondiabetic 
outpatients (more than 30 years) attending medicine 
OPD during the same period was 1368. This was 63% of 
total medicine outpatient load. Of them, 510 outpatients 
(37.3%) gave consent and were screened. Their mean age 
was 47.4 years (SD = 11.7 years) and 66.7% of them were 
females. Mean RBG was 7 mM/l (SD-2.8 mM/l).

Out of 510, 278 (54.5%) had RBG greater than or equal 
to 6.1 mM/l. Of 278 outpatients, 83 (29.9%) returned 
for definitive tests: FPG and PPPG [Figure 1]. Of the 83 
outpatients, 18 [21.7%, 0.95 CI: 14.2%, 31.7%] had either 
fasting plasma glucose and/or PPPG in diabetic range 
and 16 (19.3%, 0.95 CI: 12.2%, 29.1%) had impaired 
fasting glucose and/or impaired glucose tolerance (pre-
diabetes). Test wise analysis showed that 14 (16.9%) had 
FPG in the diabetic range, 6 (7.2%) had impaired fasting 
glucose; and 16 (19.3%) had PPPG in the diabetic range, 
15 (18.1%) had impaired glucose tolerance [Table 1]. 
Case detection in the sample of adult outpatients more 
than 30 years was 3.5% (0.95 CI: 2.2%, 5.5%). There was 
no clinically significant difference in age, sex and RBG 

distribution among compliant (RBG >/= 6.1 mM/l and 
got tested for FPG/PPPG) and non-compliant outpatients 
(RBG >/= 6.1 mM/l and did not get tested for FPG/
PPPG).

D

This study had used RBG greater than or equal to 6.1 
mM/l and age more than 30 years as initial screening 
criteria before definitive tests for DM. Compliance for 
definitive tests was poor (29.9%). Among compliant 
outpatients, 21.7% had plasma glucose in diabetic range. 
If the compliance for definitive tests had been 100%, 60 
outpatients would have been detected to have FPG/PPPG 
in diabetic range. We missed out on 42 of them. This 
resulted in a low screening yield of 3.5% among all adult 
(more than 30 years) nonpregnant outpatients (number 
needed to screen: 29). Maximum possible screening yield 
would have been 11.8% if there was 100% compliance for 
definitive tests (number needed to screen: 9).

A study on the profile of newly diagnosed diabetes patients 
from Chennai, India, showed that approx. 70% diagnoses 
were coincidental.[5] This further indicates the need 
for opportunistic screening of DM among outpatients 
attending clinics. As done in this study, there is also a need 
to identify outpatients with impaired fasting and glucose 
tolerance with the aim of preventing future diabetes.[19]

The reason for low screening yield could be the need to 
go for definitive test next morning. Drop-out was more 
than expected. It is quite possible that outpatients with 
higher knowledge and positive attitude towards DM 
might have come the next day. This being a tertiary care 
setting, with no defined service delivery population 
unlike a primary care setting, follow up was an issue. Even 
evaluation of diabetes screening in west has shown that 
there is low screening yield in diabetes screening: main 
reason being poor follow up of outpatients.[8] Screening 
criteria to be used before the definitive tests can be 
modified depending on the setting: standard screening 
guidelines can be prepared accordingly. In a high volume 
setting (high OPD load), the age cut off can be increased 
to 45 years. Another option is to use Indian Diabetes 
Risk Score as a screening test.[20] In younger outpatients 
(less than 30 years), Indian Council of Medical Research 
(ICMR) screening guidelines can be used.[18] Definitive 
tests used in this study (FPG/PPPG) can be replaced with 
HbA1C testing depending on the availability of a standard 
laboratory, with a caution that HbA1C detects more cases 
of diabetes than the usual FPG/PPPG.[21] HbA1C also has 
the additional advantage of not requiring a fasting sample; 

Table 1: Cross-tabulation of fasting plasma glucose (FPG) 
and post prandial plasma glucose (PPPG) results among 
outpatients with RBG >/= 6.1 mM/l (n = 83)
Results of defi nitive 
tests

PPPG 
normal

Impaired 
glucose 

tolerance

PPPG 
diabetic 
range

Total

FPG normal 49 12 2 63

Impaired fasting glucose 3 1 2 6

FPG diabetic range 0 2 12 14

Total 52 15 16 83

FPG = Fasting plasma glucose; PPPG = Post prandial plasma glucose

Figure 1: Flow chart depicting feasibility of opportunistic screening for 
Diabetes mellitus among OPD adult (>30 y) nonpregnant outpatients in a 
tertiary care setting
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blood can be collected the same day thus improving follow 
up. For epidemiological diagnosis, we have used single 
diagnostic criteria rather than the diagnostic criteria for 
diabetes which is (presence of any one): Elevated FPG (>/= 
7 mM/l) and elevated PPPG (>/= 11.1 mM/l); or if only 
one is elevated then an elevated value on repeat of the 
same test; or any one elevated with symptoms of polyuria, 
polyphagia, and polydipsia.

This is first such study from the region assessing the 
feasibility of opportunistic screening of diabetes among 
adult outpatients. Double data entry and validation 
ensured quality data. The intervention of offering a 
screening test benefitted the outpatients. This helped in 
early diagnosis of diabetes or pre-diabetes in some of the 
participants. This project was carried out with existing 
manpower and other resources in the hospital which 
is important to implement the opportunistic screening 
in real life resource limited settings in developing 
countries.

The study participants were recruited from medicine OPD 
alone and it can introduce selection bias. Characteristics 
may be different for outpatients attending medicine OPD 
and other OPDs. RBG testing has its own limitations. 
False positives and false negatives regarding diagnosis of 
diabetes will be there because of sensitivity and specificity 
of RBG test. However, by reducing the cut off to 6.1 mM/l, 
false positives and false negatives were reduced to a large 
extent.

This study further enforces the need for preventive 
medicine clinics for opportunistic screening of NCDs 
and their risk factors, not just diabetes.[22] Outpatients’ 
visit to the hospital must be treated as an opportunity 
for primary and secondary prevention of NCDs. Future 
studies should focus on interventions to improve follow up 
of outpatients for definitive tests identified by screening. 
Mobile technology can be one such mode of intervention. 
The same may be applied in the national program after 
appropriate field testing.

C   R

Compliance/follow up for definitive tests was poor 
resulting in low screening yield. Future studies should 
focus on interventions to improve follow-up of outpatients.
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