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Abstract
Background: Diabetes mellitus is a well know public health issue. Prediabetes is a precursor to diabetes 
mellitus and early detection of this state of impaired fasting glucose, with intervention can be reversed to a 
state of normal glucose regulation. Healthy adults often visit eye hospitals for their eye care needs and aim 
of this study is to assess opportunistic screening for prediabetes in ophthalmic OPD.

Method: Subjects from the age group of 25-45 years visiting an eye hospital or accompanying family 
members were invited to participate in the study. Following informed consent, height, weight, was measured 
using standard tests and body mass index (BMI) was calculated. Body Fat Mass (BFM) was assessed using 
an Omron Body Fat device. HbA1c was performed and prevalence of prediabetes was calculated.

Results and Conclusions: 118 subjects enrolled in the study, 43 were known diabetics and 75 were normal 
adults between the age of 25-45 years. Using HbA1c test, 41/75 were diagnosed to have prediabetes, which 
is almost 54.66% of the entire normal study population.

Screening for prediabetes in ophthalmic outpatient areas could be repeated with a larger sample to substantiate 
the opportunity to screen for prediabetes.
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Introduction
The International Diabetes foundation estimated 

in the 2019 atlas that India has 77 million adults in the 
age group 20-79 years with diabetes and this number is 
estimated to grow to 125 million by year 2040. The age 
adjusted prevalence is estimated to be 8.8%.[1,2] People 
with diabetes are known to develop systemic and ocular 
complications and the onset of the these complications 
are associated with duration of disease.[3]The prevalence 
of diabetes and prediabetes in India reported by the ICMR 
INDIAB group in 2017 showed that the prevalence of 
diabetes was 7.9% and prediabetes was 10.3%.[4-6]

The Chennai Urban Rural Epidemiological study 
with a mean follow up of 9.1 years showed that amongst 
the ones with prediabetes at the baseline over the follow 
up period, 58.9% of them converted to diabetes whereas, 
among the normal individuals 19.4% of them converted 
to diabetes during the follow up period of 10 years.[7]

The aim of the study was to examine the efficacy 
of opportunistic screening for prediabetes. The study 
was conducted in an ophthalmic outpatient department 
where healthy adults often visit optometrists and 
ophthalmologists for refractive error management.

Subjects and Method
This was a cross sectional observational study done 

to compare those who had no diabetes, prediabetes 
and diabetes. Subjects with or without known diabetes 
between age of 25-45years were enrolled in the study.
Anjana R etal[6] for their study included adults with a 
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cut off of 25 years of age and found the mean age to 
become diabetes was 40 years. Therefore, the age group 
of 25-45 years was included in this study. Sample size 
was calculated based on the prevalence of DR in a 
prediabetic population using the below details.

Sample Size = Z(1-α/2)2 p(1-p)/d2

Sample Size = 1.962 x 0.079 (1-0.079)/0.052 = = 112

Where p = 7.9% prevalence of DR in prediabetic 
population and d=5% with a confidence interval of 
95%.[8]

The study obtained ethics approval from the 
institutional review board. Following informed consent, 
participants underwent HbA1c testing using the Bayer 
A1CNow point of care device test (Bayer Health Care 
LLC, Sunnyvale, CA, USA).

Individuals were classified as normal or having 
prediabetes based on their HbA1c values. The definition 
to diagnose them was based on the guidelines provided 
by the American Diabetic Association, of HbA1c values 
between 5.7%- 6.4%. Those with known diabetes were 
either by self-report or had HbA1c values higher than 
6.5%.[9]

Height, weight, waist circumference and hip to 
weight ratios were measured using standard tests, and the 
body mass index was calculated. Body Fat Mass (BFM) 
was assessed using an Omron Body Fat device.[10] The 
Omron Body Fat device assessment device utilizes a bio 
impedance method to measure body fat mass. Subjects 
were then classified based on the WHO criteria as shown 
in Table 1.

Statistical Analysis: Statistical analysis was done 
using IBM SPSS package to estimate the mean and 
standard deviation. Continuous data were assessed for 
normality of distribution using a Kruskal-Wallis test. 
Prevalence prediabetes was calculated among the normal 
population. Statistical analysis was done for assessing the 
use of Body Fat as tool for screening for prediabetes and 
comparing it to the gold standard values of HbA1C test. 
The sensitivity and specificity were calculated. A chi-

square test for independence was used to compare body 
fat values and prediabetes, with a level of significance of 
0.05. Chi-square test was performed for measuring the 
association of obese/overweight body fat mass values 
in prediabetes and normal population. P value of <0.05 
was the considered as the level of significance with a 
confidence interval of 95%.

Results
Of the 118 subjects enrolled in the study, 43 

(36%) were previously known to be diabetic; of the 
75 individuals who were potentially non-diabetic, 41 
(54.66%) were identified as having prediabetes and 34 
(29%) were non-diabetic (normal).

The demographics and clinical characteristics of the 
study group are shown in Table 2. The mean age of the 
study group was 36.89 + 6.30 years and 46% were men. 
The mean HbA1C values in the normal, prediabetic 
and diabetic groups were 5.3+0.2%, 5.9+0.2% and 
8.3+2.6%, respectively and were significantly different 
between the groups (p<0.001).Table 2 shows the BFM 
and BMI values for each of the groups. The sensitivity 
and specificity were calculated for prediabetes for both 
BMI and BFM and shown in Table 3. The sensitivity for 
body fat was 82.9% and specificity was 17.6%. BFM 
had a high rate of false positives (68.3%). The sensitivity 
and specificity of BMI for prediabetes was found to be 
41.03% and 75% respectively.

The test results were statistically significant with 
a p value <0.001, thereby establishing an association 
between increased body fat mass and prediabetes.

Table 1. Standard WHO Classification for BMI and 
BFM

Category
Fat mass % BMI 

CriteriaMen Women

Low <10% <20% <18.5

Normal 10-20% 20-30% 18.5-25

Overweight 20-25% 30-35% 25-30

Obese >25% >35% >30

Table 2. Demographics, Mean ± HbA1c, BMI and BFM of 3 groups

S.No. Group Mean Age in years Mean HbA1c in % MeanBMI in kg/m2 Mean BFM in %

1. Normal 34+5.9 5.3+0.2 24.32+3.19 29.57+6.27

2. Prediabetic 41+5.9 5.9+0.2 24.51+4.77 31.42+7.89

3. Diabetics 43+4.3 8.30+2.6 25.69+3.57 28.90+5.51
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Table 3. Normal/Low and Overweight/Obesity results based on BMI and BFM

S.No. Group BMI Normal/Low BMI -Obese/
Overweight BFM Normal/Low BFM/Obese/

overweight

1 Normal (N=34)  65% 35% 18% 82% 

2 Prediabetic (N=41) 59% 41% 17% 83%

3 Diabetics (N=43) 51% 49% 19% 81% 

Discussion
Prevalence of prediabetes is varied in different 

studies as the criteria and cut off for impaired fasting 
glucose and glycated hemoglobin values vary from 
guidelines provided by International Diabetes 
Federation, American Diabetic Association (ADA) and 
World Health Organization (WHO). However, HbA1c 
is considered as a reliable test as it is not prone to day 
to day fluctuations and it shows a steady state of blood 
glucose levels over the period of few months. Prevalence 
of prediabetes in Asian population as reported by Yipet 
al.[11] and Sadikot et al[12] based on ADA criteria were 
53.1% and 55.5%, respectively. The present study has 
reported 54.6% prevalence of prediabetes based on 
ADA criteria. [12,13]

Use of handheld body fat mass assessment was 
validated by Vasudev et al in the Chennai Urban Rural 
Epidemiological study.[14] They validated three different 
method to assess body fat mass and concluded that the 
handheld impedance method is comparable to the other 
two method. Kesavachandran et al15] reported that high 
body fat percentages in individuals with normal BMI 
values. Mainous et al[16] concluded that among healthy 
BMI range individuals, prevalence of prediabetes and 
abdominal obesity was present. The present study is 
in agreement, with the above two studies, as 58% of 
prediabetic subjects had normal BMI values and 72% of 
the subjects with normal BMI range were obese or over 
weight based on BFM values. [14,15]

Myerset al[17]reported that sedentary lifestyle and 
body fat mass were positively co related and Yokota et 
al[18] in their study on predictive models of conversion to 
prediabetes identified that increased body fat mass and 
physically inactive lifestyle were positive predictors. 
The present study showed that 83% of the prediabetics 
were in the obese or over weight category.

Although the specificity in the present study was 
lower, the sensitivity was high. Grimesetal[19] in the 
study on the use of screening tests stated that a trade-
off between sensitivity and specificity needs to be done 
based on the condition that is being screened and the 
cost of diagnostic test. If the increase in false positives 
only leads to the patient getting an advice on lifestyle 
correction as in this case, is not going to add to anxiety 
or burden of health care.

Nakasone et al[20] and Armato et al[21] in their studies 
demonstrated that successful treatment for prediabetes 
to STOP (Acronym) Diabetes could be easily achieved 
with weight loss with correction in nutrition and adding 
physical activity to existing lifestyle.

Vanderwood et al[22] in their study on non-invasive 
screening for prediabetes using anthropometric 
measurements found that BMI has sensitivity of about 
68% and low specificity and this study agrees with the 
same. Dillon et al[23] in their study on non-invasive 
breath test for screening for prediabetes reported 
that using an infrared breath test analyzer can detect 
excretion of glucose derived breath CO2 in individuals 
with prediabetes or early stage diabetes. However, the 
body fat assessment tool is more cost effective and can 
be easily used by optometrists and primary care health 
personnel to screen for prediabetes.

Conclusion
Screening for prediabetes in ophthalmic outpatient 

areas could be repeated with a larger sample to 
substantiate the opportunity to screen for prediabetes.
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