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Type 2 diabetes in southern Kerala: Variation in prevalence
among geographic divisions within a region

V. RAMAN KUTTY, C. R. SOMAN, A. JOSEPH, R. PISHARODY, K. VIJAYAKUMAR

ABSTRACT
Background. Numerous surveys carried out in India

report the high prevalence of type 2 diabetes. Such studies
have not included the population of Kerala. We estimated the
prevalence of type 2 diabetes mellitus in Neyyattinkara taluk,
Thiruvananthapuram district, Kerala state.

Hethods. All panchayat wards in the taluk were grouped into
urban, highland, midland or coastal, and one ward from each
stratum was randomly selected for the study. All households
were listed and adults, 20 years or older, screened for high
(> 110 mg/ dl) random blood sugar (RBS) by a g1ucometer test.
Those with high RBS were reassessed by a fasting oral glucose
tolerance test (OGTT), consisting of initial examination of
venous blood for fasting plasma glucose (FPG) values, adminis-
tration of 75 g of glucose dissolved in distilled water, and
examination of venous blood for postprandial plasma glucose
(PPPG) exactly 2 hours after the administration of glucose.
Diabetes was diagnosed according to the World Health Organi-
zation criteria as either FPG > 139 rng/dl, or PPPG > 199 mg/
dl, or both. Impaired glucose tolerance (IGT) was diagnosed if
PPPG was 140-1 99 rng/ dl.

Results. Out of 4988 eligible subjects, 3899 were available
for the study, a response rate of 78.2%. Response was highest in
the highland area (86.2%), and lowest in the coastal area
(73.6%). The overall crude prevalence rate of type 2 diabetes
was 5.9%. It was highest in the urban (12.4%), followed by
midland (8.1 %), highland (5.8%), and coastal (2.5%) regions.
Ageing was associated with greater prevalence of type 2 diabetes
in all regions and both sexes. Women showed a higher prevalence
in the highland and coastal areas and men in the urban and midland
areas. When compared to a population with standard age structure
suggested by the World Health Organization for international
comparisons, prevalence in the age group 30-64 years was found
to be 16.9% in the urban, 10.1 % in the midland, 6.8% in the
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highland and 3.6% in the coastal regions, respectively. Overall
age-adjusted prevalence of type 2 diabetes in 30-64-year-olds in
Neyyattinkara was 9.2% among men, 7.4% among women, and
8.2% for all persons. There was not much difference in prevalence
if the American Diabetes Association criteria for diagnosis were
used. The prevalence ofimpaired glucose tolerance was fairly low
in this population. Out of 229 diabetics in the sample, 175
(76.5%) were already diagnosed and under treatment, while our
survey identified 54 new diabetics (23.5%).

Conclusion. Though prevalence of type 2 diabetes is high in
this population, the detection rate is also high. However,
impaired fasting glucose and impaired glucose tolerance are low.
The reasons for this need to be elucidated.
Natl Med J India 2000; 13:287-92.

INTRODUCTION
Diabetes has grown to epidemic proportions in many countries of
the world. Reports from around the globe indicate that the preva-
lence oftype 2 (non-insulin dependent diabetes mellitus-NIDDM)
varies widely, from less than 1% to above 30%.1 Moreover, it
varies within the same population among people of different
ethnic descent.' Among people of Indian origin, the prevalence
differs between Indians in India and Indians living abroad.' All
these suggest that while diabetes has a genetic basis, lifestyle also
plays an important part in determining the expression of the
disease.

Prevalence of diabetes in a community setting in the south
Indian state of Kerala has not been assessed. Available informa-
tion indicates the self-reported prevalence of the disease to be
around 4%.3 The state's achievements in health are characterized
by a dramatic reduction in fertility and mortality. As a result, there
is a larger proportion of aged people in the population of the state,
who may be prone to chronic diseases. Our own study of an urban
settlement in the capital city ofThiruvananthapuram revealed that
16.3% of all adults aged 20 years or more had type 2 diabetes, of
whom 80% were already under treatment for the disease." This is
a reflection of the high level of awareness as well as access to
health care that the state's population enjoys.

We studied the prevalence of diabetes in the taluk (an admin-
istrative sub-unit of a district) of Neyyattinkara, which is a good
representative of the geographical and habitation pattern of the
state. Our primary purpose was to examine how grave the problem
of diabetes was, and how it differed in prevalence among various
groups within the study population. We also studied certain other
biochemical, anthropometric and behavioural indicators of mor-
bidity such as serum lipid levels, body mass index (BMI), smok-
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ing and exercise habits; these will be discussed in detail in later
papers.

Our objectives were:
1. To estimate the prevalence of type 2 diabetes among adult

residents of Neyyattinkara taluk;
2. To examine whether the prevalence varied between geographi-

cally defined areas such as midland, highland, coastal and
urban regions of the taluk;

3. To describe the pattern of prevalence in relation to gender, age,
religion and socio-economic status.

METHODS
The sample
Neyyattinkara taluk has a population of approximately 750 000
according to the 1991 Census. Assuming a population growth rate
of about 1.5%, the population in 1998, when we undertook the
survey, should have been around 830 000. The physical terrain of
Neyyattinkara encompasses the three natural divisions of Kerala,
the highland, midland and coastal areas, in addition to an urban
area, Neyyattinkara town. This was the principal reason for
choosing it as our study area, the other being its easy accessibility.
The taluk is further subdivided into panchayats (villages), the
smallest administrative unit in the state, each of which has around
10-12 wards, with approximately 500 households in each. We
considered the ward as the primary sampling unit, and the house-
holds within the ward as listing units. Our sample consisted of all
residents who were 20 years of age or older at the time of the
survey, residing in the households of the selected ward. Residence
was defined as presence in the household for a continuous period
of 2 weeks, within the 3 months prior to the survey.

Statistical considerations showed that in order to estimate a
prevalence of 5% in each geographic stratum with 95% confidence
to within 3%-7%, we would need to study around 456 subjects in
each stratum.' To allow for design effect, we multiplied the
estimated sample size of 456 by 2. Thus, we needed 912 subjects
in each ofthe four strata. Allowing a 20%-25% non-contact rate,
our estimated sample size was thus around 5000 individuals from
the four strata. Based on the family composition in the area we
could expect 2-3 adults in each household. Thus, about 2000
households were needed from the four strata for our study. Since
each ward (subdivision) in a panchayat (village) consisted of
approximately 500 households, we decided on one ward from each
stratum as our sample. For selecting the wards, panchayat wards
falling under each stratum were listed separately. There was only
one municipality, representing the urban population, situated in
the midland. There were 58 coastal wards, 161 midland wards, 78
highland wards, and 24 urban wards. One ward from each stratum
was chosen at random and all adult residents of the households
who were 20 years or older, chosen as subjects for the study.

We obtained clearance for the study from the institutional
ethics committee. After selection of the primary sampling units we
approached the local authorities (panchayat and town councils)
for permission to carry out the survey, after explaining the purpose
of the study. Each subject was given a leaflet in Malayalam (the
local language) explaining our intentions and the purpose of the
study: participation in the study was voluntary. Support was also
sought from local religious and community leaders and youth
organizations.

Detection of diabetes
We first screened all eligible subjects by estimating random blood
sugar (RBS) values from capillary blood using a portable

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 13, No.6, 2000

glucometer. Any resident who reported that he/she was a diabetic
and on treatment was counted as a diabetic, irrespective of RBS
values, and was not tested further. All non-diabetics who had a
glucometer reading greater than 110 mg/dl were assessed after an
overnight fast on another appointed day, for an oral glucose
tolerance test (OGTT). The test was carried out using 75 g of
glucose dissolved in 200 ml of water. Venous blood was drawn
both while fasting and 2 hours after glucose ingestion. The blood
was transferred to fluoride/oxalate vials and the plasma glucose
determined.

Diabetes according to the World Health Organization criteria.
We deemed as diabetic anyone who had a fasting plasma glucose
(FPG) >139 mg/dl, or a postprandial plasma glucose (PPPG)
> 199 mg/dl, or fulfilled both criteria, as recommended by the
World Health Organization (WHO).6 Diabetics who were already
on treatment were added to this group. Thus the diabetics identi-
fied in our survey were: (i) already known diabetics, and (ii) those
detected during the survey.

Diabetes according to American Diabetes Association criteria.
We also assessed the prevalence of diabetes according to the
American Diabetes Association (ADA) criteria separately;' which
recommends a single FPG > 125 mg/dl alone to be sufficient to
diagnose diabetes in epidemiological surveys. In this instance
also, we included known diabetics who were already on treatment.

A 2-hour PPPG value between 140 mg/dl and 199 mg/dl was
labelled as impaired glucose tolerance (IGT) and an FPG level
between III mg/dl and 125 mg/dl was labelled as impaired fast-
ing glucose (IFG).

In all diabetics, a detailed questionnaire was. administered
followed by clinical examination by an experienced physician.
From the history and clinical presentation, we were able to exclude
type 1 diabetes and confirm type 2 diabetes.

Other attributes. The survey was conducted from March 1998
to February 1999. We collected information about the social and
economic characteristics in all sample households using a pre-

. tested survey instrument. The objective of the detailed family
questionnaire was to elicit information which would enable us to
characterize the socio-economic group to which the family be-
longed. A scale of living standards was constructed on the as-
sumption that better socio-economic conditions would lead to
better living standards. We questioned each household on three
determinants:
1. Attributes of the dwelling (whether it had a mud or cement

flooring, whether the walls were plastered or not, and whether
the roof was thatched, tiled or concrete);

2. Household possessions such as poultry and cattle; and
3. Consumer durables such as refrigerator, television set, tele-

phone connection, cooking gas, and private vehicle.

Based on these, households were categorized as follows:

1. Low consumer category; to which a household belongs by
default;

2. Middle category where any of the following exist: cement!
mosaic/tiled flooring, tiled or concrete roof, possession of
poultry/cattle, possession of television set; and

3. High consumer category: possession of any of the following-a
refrigerator, cooking gas, telephone connection orprivatevehicle.

Height and weight measurements of all subjects were made
according to standard anthropometric practice, and BMI calcu-
lated as weight in kg/square of the height in metres.

Laboratory techniques. Plasma glucose was estimated by the
GOD-PAP method. All estimations were done using reagents



RAMAN KUTIY et al. : TYPE 2 DIABETES IN SOUTHERN KERALA

from E.Merck, Darmstadt, Germany, and Merck Microlab analyser.
Statistical considerations. Since we had a higher response rate

among women, our crude rates are biased towards the prevalence
rates in women. This factor was adjusted for according to the gender
ratio prevailing in each region, after computing the age-adjusted
prevalence rates for men and women separatel y. We calculated the
age-adjusted prevalence in those between 30 and 64 years of age
using weights advocated by the WHO for international compari-
sons, i.e. 30-44 years=18/37, 45-54 years=11137, and 55-64
years=8/37.8 The proportion of the taluk's population residing in
each stratum, based on the 1991 Census, was multiplied by the
prevalence estimate for type 2 diabetes in the stratum to give the
weighted estimate of prevalence of diabetes in the respective
stratum. These values in the different strata were summed up to
compute the prevalence estimate for the region (Neyyattinkara) as
a whole. Assuming subjects selected from each stratum were
randomly picked, 95% confidence level estimates could be obtained
by calculating the standard errors of the estimates, and inflating
these by a factor of 2 to allow for the design effect.

RESULTS
The four wards sampled had 4988 residents, identified by the
initial household survey. Seventy-eight per cent (3899 subjects)
were available for RBS examination. Six hundred and twenty-six
subjects qualified for OGTT, but only 491 reported for the test.
Some refused the test while others found the dates inconvenient.
If we considered them also as unavailable for the study, the overall
response rate falls to 75%. Response rates for OGTT, from among
those who qualified for it, was as follows: 69.2% in the coastal
ward, 75.6% in the highland ward, 82.6% in the midland ward,
and 88.1% in the urban ward. Out of 491 subjects who reported for
OGTT, 54 (11%) new diabetics were detected as per the WHO
criteria. These, along with the 175 subjects with known diabetic
status, constituted a crude prevalence rate of 5.9% for diabetes. If
we assume the same prevalence rate among those subjects eligible
for OGTT but who did not respond, the crude prevalence goes up
to 6.3%.

Among the major religious groups, our sample had 1302
Hindus (33.4%), 2343 Christians (60%), and 232 Muslims (6%).
Overall, there were 2136 subjects between the ages of 20 and 39
years (55%),1201 in the age group of 40-59 years (31%), and 562
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subjects aged 60 years and above (14%). Based on consumer
categories, out of the 3631 individuals, 787 (21.6%) belonged to
households in the low consumer category, 2237 (61.6%) to the
middle category, and 607 (16.7%) to the high category. The
proportion of diabetics worked out t04.2% in the low,4.7% in the
middle, and 14.8% in the high consumer category. When adjusted
to the WHO recommended age structure, the prevalence worked
outto 5.6%, 5.6% and 16.2%, respectively forthe low, middle, and
high consumer households.

The prevalence of obesity (BMI >29.99) was 3.1% in the
highland, 3.6% in the midland, 5.6% in the coastal and 13.1% in
the urban ward, respectively. All diabetics in our sample had a
clinical presentation suggestive of type 2 disease. The results are
shown in Tables I-IV and Figs. 1 and 2.

DISCUSSION
The response rate for initial RBS examination was highest in the
highland region (86.2%), and least in the coastal area (73.6%). In
all four wards, response was higher among women. This was
expected, since most men are away from home in search of
employment and so unavailable during most of the day. The
response rate among men was especially poor in the coastal
region; this is because most healthy men in this population are
fishermen and may be out at sea for days together. It took a very
special effort to track these people down during the few hours they
spent ashore in between fishing trips.

According to the last census, the proportions of major religious
groups among the population ofNeyyattinkara were: Hindus 59%,
Christians 34% and Muslims 7%.9We had a higher proportion of
Christians in the sample, as one of the wards selected for the study
was constituted almost exclusively of Christian residents. The
1991 Census indicates that age groups 20-39, 40-59 and >59
years constitute 57%, 28% and 15%, respectively, of all persons
of age 20 or older in Kerala. The largest share of the study
population in all regions was between 20 and 39 years of age, in
conformity with the population structure in the state as a whole.
There was a slight preponderance of women in the younger age
groups, which may represent an artifact: younger men are more
likely to be away from home in search of work.

The overall crude prevalence in the sample (not weighted by
regional population weights) was 5.9%. The low detection rate of

TABLE I. Age and sex break-up of subjects

Age group (years) Region

Highland Urban Midland Coastal

Men Women Men Women Men Women Men Women

20--29 93 (21.9) 186 (31.1) 50 (22.2) 78 (26.6) 64 (19.2) 141 (27.1) 196 (31.2) 328 (37.4)
30-39 95 (22.4) 136 (22.7) 64 (28.4) 78 (26.6) 77 (23.1) 125 (24.0) 174 (27.7) 251 (28.6)
40-49 110 (25.9) 115 (19.2) 43 (19.1) 51 (19.5) 75 (22.5) 102 (19.6) 107 (17.0) 146 (16.6)
50-59 56 (13.2) 66 (11.0) 27 (12.0) 34 (11.6) 57 (17.1) 62 (11.9) 71(11.3) 73 (8.3)
60-69 40 (9.4) 55 (9.2) 27 (12.0) 31 (10.6) 37 (11.1) 57 (11.0) 47 (7.5) 48 (5.5)
70-79 22 (5.2) 23 (3.8) 11 (4.9) 9 (3.1) 15 (4.5) 26 (5,0) 23 (3.7) 20 (2.3)
80-89 5 (1.2) 14 (2.3) 3 (1.3) 5 (1.7) 8 (2.4) 7 (1.3) 7 ( 1.1) 10 (I.I )
90-99 3 (0.7) 4 (0.7) 0 I (0.3) 0 0 3 (0.5) 1 (0.1)
All 424 599 225 293 333 520 628 877
All eligible subjects 538 649 296 323 529 608 1025 1020
Percentage response 78.8 92.3 76.0 90.7 62.9 85.5 61.3 86.0

Overall percentage response: 86.2 83.7 75.0 73.6

Figures in parentheses are percentages
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TABLEII. Number of diabetic subjects, with prevalence (%) by age and gender: WHO criteria

Region Age group (years)

20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 All

Highland
Men 0 3 (3.2) 8 (7.3) 4 (7.1) 5 (12.5) 3 (13.6) 1 (20) 0 24 (5.7)
Women (0.5) 4 (2.9) 10 (8.7) 9 (13.6) 6 (10.9) 3 (13.0) 1 (7.1) 1 (25) 35 (5.8)
All (0.4) 7 (3.0) 18 (8) 13 (10.7) 11 (11.6) 6 (13.3) 2 (10.5) (14.3) 59 (5.8)

Urban
Men 0 5 (7.8) 4 (9.3) 12 (44.4) 13 (48.1) 2 (18.2) 1 (33.3) 0 37 (16.4)
Women (1.3) 2 (2.6) 9 (15.8) 6 (17.6) 6 (19.4) I (11.1) I (20) (100) 27 (9.2)
All (0.8) 7 (4.9) 13 (13.0) 18 (29.5) 19 (32.8) 3 (15.0) 2 (25) (100) 64 (12.4)

Midland
Men 0 7 (9.1) 7 (9.3) 12 (21.1) 1 (2.7) 3 (20) 1 (12.5) 0 31 (9.4)
Women (0.7) 6 (4.8) 8 (7.8) 11 (17.7) 6 (10.5) 4 (15.4) 2 (28.6) 0 38 (7.3)
All (0.5) 13 (6.4) 15 (8.5) 23 (19.3) 7 (7.4) 7 (17.1) 3 (20) 0 69 (8.1)

Coastal
Men 0 2 (1.1) 1 (0.9) 4 (5.6) 4 (8.5) 0 0 0 11 (1.8)
Women 5 (1.5) 5 (2.0) 8 (5.5) 4 (5.5) 2 (4.2) 2 (10) 0 0 26 (2.9)
All 5 (1.0) 7 (1.6) 9 (3.6) 8 (5.6) 6 (6.3) 2 (4.7) 0 0 37 (2.5)

All strata
Men 0 17 (4.1) 20 (6.0) 32 (15.2) 23 (15.2) 8 (11.3) 3 (13.0) 0 103 (6.3)
Women 8 (1.0) 17 (2.9) 35 (8.3) 30 (12.8) 20 (10.5) 10 (12.8) 4 (11.1) 2 (33.3) 126 (5.5)
All 8 (0.7) 34 (3.4) 55 (7.3) 62 (13.9) 43 (12.6) 18 (12.1) 7 (11.9) 2 (16.7) 229 (5.9)

TABLEIII. Crude (unadjusted for age) prevalence of diabetes (%)
and impaired glucose metabolism by WHO criteria and the
ADA (American Diabetic Association) criteria: A comparison

WHO
criteria

Diabetic (FPG>139mgldlor 2-
hour OGrr value> 199mgldl)

+ previouslydiagnoseddiabetics

IGT(impairedglucose
tolerance) (2-hourOGrr

value 140-199 mg/dl)

Men All AllMen WomenWomen

Highland 5.7 (24) 5.8 (35) 5.8 (59) 1.9 (8) 1.5 (9) 1.7 (17)
Midland 9.4 (31) 7.3 (38) 8.1 (69) 0.6 (2) 1.2 (6) 0.9 (8)
Coastal 1.8 (II) 2.9 (26) 2.5 (37) 0.5 (3) 0.5 (4) 0.5 (7)
Urban 16.4 (37) 9.2 (27) 12.4 (64) 1.8 (4) 1.0 (3) 1.4 (7)

ADA Diabetic (fastingplasma glucose IFG(impairedfasting
>125 mg/dl) + previously glucose) (FPG 111-

diagnosedcases 125mg/dl)

Highland 5.9 (25) 5.2 (31) 5.5 (56) 0.7 (3) 0.8 (5) 0.8 (8)
Midland 9.6 (32) 7.5 (39) 8.3 (71) 0.3 (1) 0.8 (4) 0.6 (5)
Coastal 1.9 (12) 3.2 (28) 2.7 (40) 0.8 (5) 0.6 (5) 0.7 (10)
Urban 16.0 (36) 10.2 (30) 12.7 (66) 1.3 (3) 0.7 (2) 1.0 (5)

Numbers in parentheses indicate actual number of subjects

TABLEIV. Prevalence of diabetes in Neyyattinkarataluk (%) adjusted
for population distribution in different geographical regions

Subjects ~ 20 years
of age

Age 30-64, adjusted to standard
world population*

Men
Women
All persons+

9.2
7.4
8.2

7.2
6.2
6.7

* Adjusted with the following age weights: 30-44=18/37,45-54=11137, 55-64=8/37
comparable to the standard world population suggested by WHO (World Health
Statistics Annual 1996)
t Corrected for the sex ratio prevailing in the area

new diabetics (11 %) from among those who underwent OGTT
suggests that our initial screening instrument was very sensitive
but poorly specific, as it also picked up a large number of non-
diabetics. Based on our detection rate, we might have picked up
another 15 diabetics from the 135 defaulters, increasing our crude
prevalence by only 0.4%. Among the four geographic strata, crude
(unadjusted for age and gender distribution) prevalence of diabe-
tes was highest in the urban (12.4%), followed by the midland
(8.1 %), and highland (5.8%) regions. The coastal region had the
lowest crude prevalence at 2.5%. Gender differences in prevalence
were marginal in the rural population, with women having a
higher prevalence in the highland and coastal regions, and men in
the midland regions. However, in the urban region, there was a

Per cen t
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FIG 1. Prevalence estimate, with 95% confidence intervals, of type 2
diabetes in the urban, highland, midland and coastal regions of
Neyyattinkara taluk in Thiruvananthapuram district, Kerala, India
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FIG2. Age-adjusted prevalence rates for type 2 diabetes in men,
women, and all persons, in the age group 30-64 years, in the
urban, highland, midland and coastal regions of Neyyattinkara
taluk in Thiruvananthapuram district, Kerala

substantially higher prevalence among men (16.4%) compared to
women (9.2%). Ageing was associated with a higher prevalence
of diabetes in all regions and both sexes.

Ninety -five per cent confidence interval for crude prevalence of
diabetes in each region in the area (Fig. 1) is rather wide: this is a
reflection of our design imperfection dictated by cost constraints.
However, there is a clear trend in prevalence estimates among the
four regions, with the urban and midland regions recording very
high prevalence, and a comparatively moderate prevalence of
diabetes in the coastal and highland regions.

Adjusting the data for age pushes up the prevalence in all four
regions, while maintaining the order of rank among them (Fig. 2).
Thus, the coastal region had a prevalence of3 .6%, midland 10.1%,
highland 6.8%, and urban 16.9%. The effect of urbanization on the
rising prevalence of type 2 diabetes seems to be more pronounced
among men (Fig. 2). In the urban area, more than one in five men
(21.9%) in the age group 30-64 years were found to be diabetic.
The prevalence rate (unadjusted for age) for the whole taluk,
corrected for population distribution, was 6.7%, while the age-
adjusted figure for the age group 30-64 years was 8.2%. The
prevalence was lower by 1.8% among women after the age
adjustment.

The age-adjusted prevalence of diabetes was lowest in the low
consumer category (which corresponds to the poor socio-
economic stratum) and the middle category, but there was a
quantum leap in prevalence among the high consumer category or
the affluent socio-economic stratum. Our approach of grouping
households based on their standard of living is open to revision: it
may not reflect the true essence of social and economic stratifica-
tion, being merely a proxy for urbanization instead. We are aware
that possession of a television set, for instance, in a town house-
hold may indicate a more moderate degree of affluence when
compared to possession of the same television set in a rural
household. However, in Kerala, in every indicator of quality of life,
rural-urban differences are quite narrow. Nevertheless, our data
suggest that urbanization and greater 'consumerism' do go
together with certain lifestyle attributes, which can be high risks
for diabetes.
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A survey in India in the early 1970s found a prevalence of only
2.3% in the urban and 1.5% in the rural population. However,
estimates in 1992 put the urban and rural prevalence at 8.2% and
2.4%, respectively. JO The same research group found an even
higher prevalence in urban areas (11.6%) when they did a repeat
survey after 5 years. I I The prevalence of type 2 diabetes among
persons ofIndian origin who live outside India is not only greater
than that of a comparable group of Indians living in India, but
surpasses even the prevalence among natives of those lands where
they have settled. 12.13A recent study in the Kashmir valley puts the
prevalence of previously undetected type 2 diabetes, recognized
through OGTT, at 4.25%.14 Indians, perhaps, have a greater
genetic susceptibility to the disease, which is further compounded
by stress-inducing factors such as urbanization, migration and a
modem lifestyle. Prevalence of glucose intolerance--diabetes and
impaired glucose tolerance-is especially high among migrant
Indians, migrant Chinese, and some segments of the population in
the USA, native Americans, and Micronesian island populations.'
The prevalence of type 2 diabetes among Kuwaitis is reported to
be 14.8% in adults above 20 years of age. IS The prevalence varies
widely across Third World populations, with higher values being
reported from more urban societies. In an earlier study in an urban
community in the same district, we found the age-adjusted preva-
lence of type 2 diabetes to be 16.3%.4The FPG criteria of the ADA
were used for the diagnosis of diabetes in that study.

In this study, we estimated the prevalence using the ADA
criteria also. We identified 58 new diabetics by the ADA criteria,
and 54 using the WHO criteria. Prevalence by ADA criteria was
higher in the midland, coastal and urban areas and lower in the
highland area, but the difference in all regions is <0.5%. This may
be related to the small proportion of newly identified diabetics
among the total number of diabetics in the community: since these
constituted only around one-fourth of the total, the difference in
percentage prevalence between the two criteria is quite small. This
is in contrast to other reports. The third National Health and
Nutrition Examination Survey (NHANES Ill) of the US popula-
tion showed a 2% higher prevalence of type 2 diabetes by the
WHO criteria in comparison to the ADA criteria." Collating data
from nine studies, Shaw showed that a change in prevalence
estimates for the same community can be of the order of +4.1 % to
-2.8% from one setof criteria to the other. 17Two other studies from
Brazil and the Netherlands report that though prevalence esti-
mates were comparable between the two sets of criteria, subjects
identified as diabetics were likely to be different. 18.19

A 2-hour glucose value between 140 and 199 mg/dl is consid-
ered indicative ofIGT and these subjects may progress to manifest
diabetes over time or may remain in the same state for years.
Worldwide, the prevalence ofIGT varies widely, from around 1%
to 24%.2 In most communities, prevalence ofIGT is much higher
than the prevalence of full-fledged diabetes. Contrary to this, we
found that the prevalence of IGT in our subjects was very low
(1%). The reasons for this can only be speculated upon. King and
Rewers suggest that a high IGT -to-diabetes ratio may show an
early stage of the emerging epidemic, while a low IGT-to-diabetes
ratio, as in our subjects, may be indicative of an epidemic that is
burning out.2We do not think this argument reflects our case as the
prevalence in the four sub-strata studied increased with higher
degrees of urbanization clearly showing a picture of an emerging
epidemic of diabetes. One other possible explanation that we
considered is the high degree of interaction with the health system
leading to subsequent marginal glucose intolerance being over
diagnosed as diabetes. In other words, we suspected that a few
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people with IGT might have been classified as diabetics following
a casual blood sugar test in connection with any other medical
interview or examination. Areas with a comparatively low propor-
tion of diagnosed diabetics, such as the highland area, also had a
rather high ratio ofIGT -to-diabetes (Table III). This finding lends
some credence to our hypothesis. However, we do not believe this
can fully explain this paradox. It is quite possible that due to a fast
changing lifestyle the transition from IGT to full-fledged diabetes
takes place in a very short span of time.

The extremely high rate of detection of diabetes-more than
75% of diabetics were already detected-is unusual. In the Mauritian
study, three new cases were detected for every two already diag-
nosed." Sixty-five per cent of diabetics in the urban south Indian
survey from Chennai were previously detectedcases." In our earlier
study in Thiruvananthapuram city, we found that around 80% of
diabetics in the community were already aware of their disease and
were on treatment.' In the third National Health and Nutrition
Examination Survey (NHANES III) of the US, prevalence of
diagnosed diabetics in the age group 40-74 years was 7.9%, while
newly detected diabetics by the WHO criteria constituted 6.4% and
those by the ADA criteria, 4.4%.16This makes the proportion of
diabetics detected by NHANES III among all diabetics around
36%-45%. Thus our finding of only 25% of all diabetics being
newly detected by the survey, is indicati ve of an efficient health care
system for detection of diabetes, commendable even by western
standards. We have to thank the high level of health awareness and
easy accessibility of the health system in Kerala for this. The ratio
of existing cases to newly detected ones was lowest in the highland
at around 55%; in all other regions it was over 80%. There was no
perceptible gender difference in this rate.

The clear gradient in the prevalence of diabetes in the different
geographical strata of the region needs to be explained. We feel
that this has more to do with the social and economic characteris-
tics of society rather than any genetic explanation. The prevalence
is highest in the urban population with all the characteristics of an
urban group, such as low physical activity, high intake of calorie-
rich foods and perhaps high levels of stress. The midland village,
which is sub-urban in character, closely resembles this. Both in the
highlands and coastal village, prevalence is comparatively low,
probably because of high levels of physical activity brought about
by occupational needs and the limited consumption of highly
refined foods because of economic constraints. This argument is
supported by a similar trend in prevalence of obesity in the various
strata studied. Since this is a cross-sectional survey, further
analysis into cause-effect relationships cannot be done. What is
important, perhaps, is to realize that as lifestyles get 'urbanized' ,
there may be a tendency for type 2 diabetes to manifest early.
Corrective measures such as education on lifestyle, the impor-
tance of regular exercise and the protective value of fibre-rich
foods need to be instituted early.

Type 1 diabetes is known to be rare among ethnic Indians."
This may explain why none of our subjects had a presentation
suggestive of type 1 disease.

Limitations of the study
Since type 2 diabetes has a genetic predisposition, it is possible
that if genetically related subjects live in the same area, our study
might have produced inaccurate estimates of prevalence. More-
over, it is not easy to predict in which direction this bias is likely
to be: clustering might be found among diabetes-prone or diabetes-
resistant individuals. Cluster sampling results in wide variance
and confidence interval estimates. Ideally, we should have chosen
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more clusters of households, distributed in different wards. In a
state like Kerala where most citizens are very health conscious,
offering a service such as diabetes detection to a few families in
one locality is not logistically feasible. Hence we had to designate
whole wards, which are accepted administrative units, as primary
sampling units.

The high prevalence of type 2 diabetes that we found is
consistent with the general social, economic, and epidemiological
profile of a society in transition. This unfolding epidemic of
diabetes may portend a high burden of morbidity and health care
expenditure for the society in Kerala.

ACKNOWLEDGEMENTS
We wish to place on record our gratitude to the Dreyfus Health Foundation, New
York, who very kindly financed this research. We also greatly appreciate the
support of all the field staff, and the panchayat and municipal authorities, which
made this study possible. We are indebted to the two referees who offered their
valuable comments on an earlier version of this paper.

REFERENCES
King H, Zimmet P. Trends in the prevalence and incidence of diabetes: Non-insulin
dependent diabetes mellitus. World Health Stat Q 1988;41: 190-6.

2 King H. Rewers M. Diabetes in adults is now a Third World problem. The WHO Adhoc
Diabetes Reporting Group. Bull World Health Organ 1991 ;69:643-8.
Kutty VR, Balakrishnan KG, Jayasree AK,Thomas J. Prevalence of coronary heart
disease in rural population ofThiruvananthapuram district, Kerala, India. Int J Cardiol
1993;39:59-70. •

4 Kutty V Raman, Joseph A, Soman CR. High prevalence of type 2 diabetes in an urban
settlement in Kerala, India. Ethn Health Med 1999;4:231-9.
Lwanga SK, Lemeshow S. Sample size determination in health studies. A practical
manual. Geneva: World Health Organization, 1991 :Table I.

6 Diabetes mellitus: Report of a WHO study group. World Health Organ TechRep Ser
1985;727:1-113.

7 American Diabetic Association. Report ofthe expert committee on the diagnosis and
classification of diabetes mellitus. Diabetes Care 1997 ;20: 1183-97.

8 WHO. World Health Statistics Annual. Geneva:World Health Organization, 1996.
9 Census ofindia 1991, Series 12, Kerala, Part IV B(ii): Director of Census Operations,

Kerala, Table C-9, religion, p 62.
10 Ramachandran A. Genetic epidemiology ofNIDDM among Asian Indians. Ann Med

1992;24:499-503.
II Ramachandran A, Snehalatha C, Latha E, Vijay V, ViswanathanM. Rising prevalence

ofNIDDM in an urban population in India. Diabetologia 1997;40:232-7.
12 Ramaiya KL, Kodali VR, Alberti KG. Epidemiology of diabetes in Asians of the Indian

subcontinent. Diabetes Metab Rev 1990;6: 125-46.
13 Cheah JS, Wang KW, Sum CF. Epidemiology of diabetes mellitus in the Asia-Pacific

region. Ann Acad Med Singapore 1990;19:501-5.
14 Zargar AH, Khan AK, Masoodi SR, Laway BA, Wani AI, Bashir MI, et al. Prevalence

oftype 2 diabetes mellitus and impaired glucose tolerance in the Kashmir valley ofthe
Indian subcontinent. Diabetes Res Clin Pract 2000;47: 135-46.

15 AbdellaN, Al Arouj M, Al Nakhi A, Al Assoussi A, Moussa M. Non-insulin dependent
diabetes in Kuwait: Prevalence rates and associated risk factors. Diabetes Res Clin
Pract 1998;42: 187-96.

16 Harris MI, Eastman RC, Cowie CC, Flegal KM, Eberhardt MS. Comparison of
diabetes diagnostic categories in the US population according to 1997 American
Diabetic Association and 1980-1985 World Health Organization diagnostic criteria.
Diabetes care 1997 ;20: 1859-62.

17 Shaw JE, de Courten M, Boyko EJ, Zimmet PZ. Impact of new diagnostic criteria for
diabetes on different populations. Diabetes care 1999;22:762-6.

18 Gimeno SG, Ferreira SR, Franco LJ, Iunes M. Comparison of glucose tolerance
categories according to World Health Organization and American Diabetes Association
diagnostic criteria in a population-based study in Brazil. The Japanese-Brazilian
Diabetes Study Group. Diabetes Care 1998;21: 1889-92.

19 De Vegt F, Dekker JM, Stehouwer CD, Nijpels G, Bouter LM, Heine RJ. The 1997
American Diabetes Association criteria versus the 1985 World Health Organization
criteria for the diagnosis of abnormal glucose tolerance: Poor agreement in the Hoom
study. Diabetes Care 1998;21: 1686-90.

20 Dowse GK, Gareeboo H, Zimmet PZ, Alberti KG, Tuomilehto J, Fareed D, et al. High
prevalence ofNIDDM and impaired glucose tolerance in Indian, Creole, and Chinese
Mauritians. Mauritius Noncommunicable Disease SrudyGroup. Diabetes 1990;39:390-
6.

21 Ramachandran A, Snehalatha C, Dharmaraj D, Viswanathan M. Prevalence of glucose
intolerance in Asian Indians. Urban-rural difference and significance of upper body
adiposity. Diabetes Care 1992;15: 1348-55.

22 Ahuja MMS. Epidemiological studies on diabetes mellitus in India. In: Epidemiology
of diabetes mellitus in developing countries. New Delhi:Interprint, 1979.


