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ABSTRACT

Background: Prediabetes is a stage of glucose tolerance between normal glucose tolerance and diabetes and is characterized 
by impaired fasting glucose (IFG) and impaired glucose tolerance (IGT). The prevalence of diabetes and prediabetes is rapidly 
rising in India, in both urban and rural sectors. Obesity represents one of the major modifiable risk factors of the disease and 
waist-to-height ratio (WHtR) accounts as being one of the indicators of obesity and its association with IFG and IGT in non-
diabetics needs to be studied. Aims and Objectives: This study aims to assess if a correlation exists between IFG and IGT and 
W: Ht ratio in a non-diabetic population. Materials and Methods: A total of 150 subjects, over the age of 20 years from village 
Hatpiplia, district Dewas, Madhya Pradesh, who were not known cases of diabetes mellitus were evaluated. Anthropometric 
measurements included waist circumference (in cm) and height (in cm) and WHtR was calculated. Blood samples for fasting 
blood sugar and 2-h post-glucose blood sugar were taken and analyzed on fully automated analyzer MERCK Microlab 300 LX 
by enzymatic colorimetric method. Results: The prevalence of IFG was found to be 18% (95% confidence interval [CI] 12.68–
24.92) and 15.3% (95% CI 10.44–21.96) had IGT based on their 2-h post-glucose loading blood sugar levels. About 74% of the 
subjects who had IFG and 69% of the subjects with IGT were also found to have impaired WHtR. Moreover, more than 80% of 
the patients with newly detect diabetes had an impaired WHtR. Conclusion: Prediabetes is a growing concern in rural India and 
if we aim to control the epidemic of diabetes then focus has to be directed toward the stage of IFG and IGT where awareness 
and lifestyle intervention programs need to implement at basic levels. There is a strong association between impaired WHtR 
and prediabetes marking it as a very important prognostic indicator in the occurrence of the disease.
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INTRODUCTION

Diabetes mellitus (DM), in today world, exhibits as a very 
pervasive disease, occurring suddenly but with massive 
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impacts. It is a metabolic disorder, defined by chronic 
hyperglycemia with deranged fat, carbohydrate, and protein 
metabolism[1] that result from relative or absolute deficiency of 
insulin due to the impairment of insulin action and/or moderate 
to gross inadequacy of insulin secretion.[2] The concerns 
associated with diabetes can never be overemphasized 
because it is a chronic condition associated with long-term 
complications involving almost all organs.

Despite the concerns, the prevalence of diabetes is rising and 
it is expected to rise to 10% by 2030,[3] where India expects to 
see a rise to 151 million from its present 72 million by 2045 
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unless preventive measures are applied.[4] Furthermore, the 
International Diabetes Federation projects an increase in the 
prevalence of prediabetes to 471 million globally by 2035.[5]

Keeping the ever-increasing prevalence rates in mind, it is 
also notable to point out that a number of diabetic patients 
remain asymptomatic for a long duration of time and, 
therefore, are undiagnosed further increasing their chances 
of developing the associated complications, it is worth 
pointing out that a patient with newly onset DM has DM for 
approximate 4–7 years before being diagnosed.[6] This can 
be surmounted by regular screening of all non-diabetics to 
detect the asymptomatic period known as prediabetes.

Prediabetes,[7] as per the American Diabetic Association, is 
defined as that state, in which the blood glucose levels are 
more than normal but not high enough to be diagnosed as 
DM. It includes two parameters, impaired fasting glucose 
(IFG) and impaired glucose tolerance (IGT).

Studies on Indian population suggest that approximately 
40–55% of the people with prediabetes will develop type 
2 DM (T2DM) over a period of 3–5 years if no preventive 
measures are taken.[8] This brings us to those risk factors 
which if modified can actually change the course of the 
disease, obesity being one of the important ones. A lot of 
studies have directly labeled increased waist circumference 
and waist–hip ratio as indicators of obesity and many studies 
have been done in associating obesity with increased waist-
to-height ratio (WHtR) and it has been observed that indeed, 
an abnormal WHtR is also an important marker for obesity.

The probability of association between abnormal WHtR and 
development of diabetes has also been proven time and again 
but has the fact that rural India boasts of a healthy lifestyle 
along with lesser ingestion of processed foods as compared 
to urban India and this important observation has made it a 
must for us to carefully observe the connection between the 
occurrence of prediabetes and its association with the two 
concerned parameters from the rural perspective.

MATERIALS AND METHODS

The study was conducted at a rural mission hospital in a 
remote village Hatpiplia, district Dewas, Madhya Pradesh, 
beginning from November 2018 to March 2019. It was a 
cross-sectional study which was done as per the Declaration 
of Helsinki, after obtaining permission from the Ethical 
Committee of the Rural Mission Hospital, Hatpiplia. The 
study had a sample size of 150 subjects (95% confidence 
level) as calculated from OpenEpi, version 2, open-source 
calculator. The subjects chosen for the study were >20 years 
in age, who have never been diagnosed with T2DM.

Informed consent was taken before the initiation of survey. 
On receiving the consent, we collected the basic vital data 

which included age, gender, education, and occupation. 
Anthropometric measurements, including height and waist 
circumference, were recorded as per standard guidelines,[9] 
and WHtR was calculated.

Instrumentation

Inelastic tape measure graduated in centimeters (0–150) was 
used to measure the waist circumference at the level of the 
umbilicus.

Height Scale

A vertical wooden bar calibrated from 0 cm to 200 cm, with 
a movable horizontal bar which could be adjusted to touch 
the vertex of the participant’s head was used to measure the 
height of the participants. The subject stood straight, with feet 
placed together and flat on the ground, heels, buttocks, and 
scapulae against the vertical backboard, and arms loose and 
relaxed with the palms facing medially. Height was measured 
to the nearest of centimeter.

The investigations done were as follows:
•	 Fasting	blood	sugar	(FBS).	After	an	overnight	fasting	of	

10 h, venous blood samples were taken and the FBS was 
estimated

•	 Two	 hours	 post-glucose	 loading	 blood	 sugar	 (PLBS).	
Seventy-five grams of anhydrous glucose were given 
in 200 ml of water to the patient after taking the venous 
blood sample for FBS. After 2 h, venous blood samples 
were taken again to measure the 2-h PLBS.

The blood samples were sent immediately to the biochemistry 
laboratory for glucose levels to be analyzed on fully automated 
analyzer MERCK Microlab 300 LX by enzymatic colorimetric 
method (Manufacturer Vital Scientific N.V, Netherlands).

The collected data were tabulated and analyzed. Glucose 
tolerance was assessed as according to the World Health 
Organization criteria and WHtR was calculated and 
WHtR >0.5 was taken as abnormal.[10]

Inclusion Criteria

The patients age >20 years who were not known cases of 
T2DM were included in the study.

Exclusion Criteria

Included patients with known diabetes, chronic renal failure, 
liver cell diseases, endocrine disorders such as insulinoma and 
post-pancreatectomy, patients on drugs such as somatostatin, 
beta-blockers, diazoxide, thiazide diuretics, phenytoin, 
alloxan, and steroids pregnant women, postmenopausal 
women, people with fever, people who had edema, patient 
with osteoporosis with very low bone density, bodybuilders, 
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or professional athletes, patients undergoing dialysis, and 
persons with pacemaker were excluded from the study.

Criteria for diagnosis of new cases of DM, IFG, and IGT 
were as per the World Health Organization criteria.[11]

DM

•	 Symptoms	 of	 diabetes	 and	 random	 plasma	 glucose	
concentration >200 mg/dl odds ratio (OR)

•	 FBS	>126	mg/dl	OR
•	 Two	hours	PLBS	>200	mg/dl.

Prediabetes was defined as follows:
•	 IFG	included	fasting	venous	plasma	glucose	≥100	mg/dl	

<126 mg/dl, irrespective of the 2 h values
•	 IGT	 is	 2-h	 PLBS	 ≥140	mg/dl	 <200	mg/dl	 after	 75	g	

glucose loading.

RESULTS

Table 1 shows a comparison between the subjects having IFG 
and 2-h IGT between males and females. Of the 150 study 
subjects, there was a slight predominance of males (59%) as 
compared to females (41%). Out of these, 27 subjects had IFG 
based on their FBS levels alone (prevalence of 18 % [95% 
confidence interval (CI) 12.68–24.92]) and 23 subjects, 15.3% 
(95% CI 10.44–21.96) had IGT based on their 2-h PLBS levels.

The entire study population permanently resided in villages. 
All of them were above the age of 20 years having varied 

occupations predominately including farming (57%), 
shopkeepers or shop workers (18%), and household helpers 
or housewives (11%). Their educational qualifications were 
on the downside where only 22% had completed high school 
and 5% attended some level of college and sadly, majority 
(39%) of them had no formal education.

When asked if they had any knowledge of diabetes or 
“madhumeh” as it is commonly known in vernacular, they 
responded in affirmative saying that it was related to sugar. 
Interestingly, some of them were unsure if the blood sugar 
increased or decreased during the course of the disease.

Table 2 shows the relationship between WHtR and FBS in 
the study subjects. Of the 27 subjects with IFG, 20 (74%) had 
WHtR >0.050 (95% CI 55.32–86.83), making it extremely 
statistically significant. Moreover, there were 15 new cases 
that were diagnosed with T2DM, 12 (80%) out of the 
15 (95% CI 54.82–92.95) had an abnormal WHtR marking 
it as an important finding. In comparison, subjects found to 
have normal FBS also were seen to have a normal WHtR 
(55%).

Table 3 shows the relation between WHtR and 2-h PLBS 
and it was observed that a smaller number of subjects were 
detected with IGT (15%) as opposed to IFG (18%), and of all 
the detected cases of IGT, 69% had an abnormal WHtR (95% 
CI 49.14–84.4); also, all the cases with newly diagnosed 
DM by 2-h PLBS levels had WHtR more than 0.5 (95% CI 
77.19–100] pointing at a direct correlation between impaired 
WHtR and occurrence of DM. Furthermore, 74 out of 114 
subjects with normal 2-h PLBS levels also had WHtR within 
normal range.

DISCUSSION

We are already aware of increasing the prevalence of 
diabetes and prediabetes in developed as well as developing 
countries.[4] However, it was previously thought that this 
burden of increasing the rate of T2DM was more in the urban 
population and not so much in the rural sector. However, 
now, we have few studies that are pointing otherwise.[12] 
Unfortunately, despite T2DM being a major epidemic in our 
country, very few studies[13,14] have actually been done in rural 
India and almost negligible in Central India. Our study aimed 
at finding the correlation between prediabetes (IFG and IGT) 
and WHtR in the rural population of Central India and at the 
same time also to determine the prevalence of prediabetes in 

Table 1: Gender-based comparison of IFG and IGT
Variables Males Females Total
IFG	(FBS	≥100	mg/dl	<126	mg/dl) 15 12 27
IGT	(2-h	PLBS	≥140	<200	mg/dl 13 10 23
IFG: Impaired fasting glucose, IGT: Impaired glucose tolerance, 
FBS: Fasting blood sugar, PLBS: Post-glucose loading blood sugar

Table 2: Relationship between WHtR and FBS
WHtR IFG 

(100–126 mg/dl)
DM 

(>126 mg/dl)
Normal 

(FBS <100 mg/dl)
<0.50 7 3 59
>0.50 20 12 49
Total 27 15 108
WHtR: Waist-to-height ratio, FBS: Fasting blood sugar, IFG: Impaired 
fasting glucose, DM: Diabetes mellitus

Table 3: Relationship between WHtR and 2-h post loading blood sugar
WHtR IGT (140–200 mg/dl) DM (>200 mg/dl) Normal (2-h PLBS <140 mg/dl)
<0.50 7 0 74
>0.50 16 13 40
Total 23 13 114
IGT: Impaired glucose tolerance, PLBS: Post-glucose loading blood sugar, DM: Diabetes mellitus, WHtR: Waist-to-height ratio
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the study population. We found that the prevalence of IFG 
was 18% (95% CI 12.68–24.92) and 10% (95% CI 6.1–15.8) 
of the study population was found to have new diagnosed 
DM on the basis of their fasting sugar levels alone. Moreover, 
15.3% (95% CI 10.44–21.96) of the subjects had impaired 
glucose levels on 2-h PLBS and DM by this method came 
to be very similar to the FBS method. Such high prevalence 
of prediabetes through alarming but is consistent with other 
recently done studies in India.[14,15]

In the previous studies, a number of anthropometrical 
variables such as waist circumference,[16] hip circumference, 
and body mass index (BMI) have been studied in correlation 
to the occurrence of prediabetes and diabetes. It was seen that 
BMI fails to distinguish between excess fat or more muscle 
mass[17] and, therefore, is unable to predict its role in T2DM. 
Meanwhile, waist circumference[18] only points out toward 
central deposition of fat and not an overall fat in the body. 
Waist-to-hip ratio was previously considered an important 
parameter, but the ratio remains the same if inches loss from 
waist and hip is equal. In comparison, WHtR is considered a 
better anthropometric variable to predict T2DM[19] because the 
height of an individual influences the distribution of body fat. 
Moreover, one of the variables in WHtR is constant making it 
easier was us to gauge if any changes take place. Furthermore, 
the WHtR cutoff value has been shown to be consistent across 
different ages, sexes, and ethnicities.[20,21] We found a strong 
correlation between WHtR >0.5 and IFG and IGT. Moreover, 
of all the cases of newly detected T2DM, almost all had a 
higher WHtR, making the finding very statistically significant. 
Our findings are consistent with similar studies.[22-25]

The rationale behind detecting prediabetes includes, 
prevention of development of diabetes, prevention of 
consequences of diabetes and being aware that about 70% 
of Indians resides in rural areas,[26] even a small increase in 
the rural prevalence of diabetes will very rapidly increase the 
diabetic burden in our country and therefore our aim in this 
regard should be to include lifestyle intervention program to 
change the modifiable risk factors, mainly targeting obesity 
with increase in physical activity and dietary changes.

CONCLUSION

Prediabetes is a growing concern in rural India and if we aim to 
control the epidemic of diabetes then focus has to be directed 
toward the stage of IFG and IGT, and awareness and lifestyle 
intervention programs need to implement at basic levels. 
There is a strong association between impaired WHtR and 
prediabetes marking it as a very important prognostic indicator 
in the occurrence of the disease. The association of WHtR and 
IFG is comparatively stronger than that with IGT, but as both 
the variables point toward prediabetes, it is safe to say that an 
impaired WHtR (>0.5) is definitely the strong possibility of 
being prediabetic and ultimately developing T2DM.
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