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The prevalence of diabetes mellitus and impaired fasting
glucose/glycaemia (IFG) in suburban Katmandu
—Ethnic aspect of a community-based study of native
Nepalese and Tibetan immigrants during the democratic
movements in 1990—
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Sigeru KOBAYASHI?, Kazue ITOH®, Yutaka YOSHIMIZU",
Sashi SHARMA® and Gopal P. ACHARYA?

Abstract

To clarify the role of ethnicity and lifestyle in Type 2 diabetes, we reanlyzed the results of a study originally
done in 1990 at the Jawalakhel Tibetan refugees camp and suburban Bhadrakali in Katmandu. A total of 539
Tibetan immigrants in Jawalakhel 20 years old or greater participated in this study, consisting of 236 males and
303 females, vs 121 males and 165 females who are native Nepalese (ethnic composition, Newar and Parbate
Hindu) in Bhadrakali. Blood samples after overnight fasting were frozen for analysis in Japan. Not only the
anthropometric status, total energy intake, and maximal oxygen uptake (VOz max), but also the fasting insulin and
fructosamine were recorded. A diagnosis of diabetes was determined based on the new criteria of ADA-1997.
Remarkably lower rates of diabetes and impaired fasting glucose (IFG) were found in Jawalakhel and Bhadrakali
in 1990 (diabetes and IFG; 1.9 % and 1.3 % vs 1.4 % and 2.5 %, respectively) than were found in a more recent
survey done by Singh and Bhattarai (2003). Fructosamine was in the normal reference range for all subjects. The
fasting insulin and homeostasis model assessment of insulin resistance (HOMA-IR) did not differ between the sexes,
however, the HOMA-IR values were significantly higher in Jawalakhel than in Bhdrakali. The total energy intake
was significantly higher in Bhadrakali than in Jawalakhel. However, the prevalence of obesity was significantly
higher in Jawalakhel than in Bhadrakali despite similar VOs max values in both communities. Our newly analyzed
results provide baseline features for planning health care measures and establishing medical priorities for the
modern citizens of Katmandu.
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Introduction

Type 2 diabetes mellitus has been recognized to be
a major global epidemic, with the prevalence of
diabetes now rapidly increasing in many developed
and/or developing Asian countries?”. No indexed
study has been published to date showing an accurate
prevalence of diabetes in developing countries such as
Nepal. To clarify the relationship between ethnicity
and lifestyle, we also reanalyzed the results of a study
we did in March and September 1990 in the suburban
region of Bhadrakali Nepal (native Nepalese; ethnic
composition, Newar and Parbate Hindu) 19, and Jawalakhel,
a Tibetan refugees camp established in 1960 by the
Committee of Red  Cross!D12),
respectively. We also compared the data from the our
studies with the data from Singh and Bhattarai'®, who

International

used the same new diagnostic criteria of ADA-19974¥
and WHO-1998 without oral glucose
test(O-GTT)!® and the same age distribution. Two

tolerance

typical suburban areas in Katmandu that have
distinctive features were selected as survey sites in
this study. Our study is community-based study, not a
population-based survey. The participants of our study
thus comprised a relatively homogeneous population.
This is the first report on the prevalence of diabetes

among Tibetan refugees in Nepal.

Materials and Methods

Subjects

The “Japan-Nepal Health Scientific Expedition”
group in 1990 included members of the Institute of
Tribhuvan

specialists®. Nepalese subjects were selected in two

Medicine, University and Japanese
distinctly different representative areas: a suburban
village, Bhadrakali in the Katmandu District and a
Tibetan refugees camp, Jawalakhel in Patan City.
Bhadrakali is located in a suburban area about 5-km
northwest of the center of Katmandu, and it is easily
accessible by public transportation, taxi and bike. As a
result, many people from Bhadrakhali earn their living
in Katmandu. The population of individuals over 20
years of age was approximately 1,050 in 388
households at the time of the study. Most of the

inhabitants were engaged in agriculture (83%) while

some others were also wage earners (9%). In contrast,
the Tibetan immigrants all lived in a Tibetan refugee
camp located in a suburban district of Katmandu in
Nepal. The Tibetan refugees had migrated to Nepal
from the Tibet Autonomous Region of China after the
Dalai Lama was granted asylum in India in 1959 1. 12,
Many Tibetans have thus relocated to Jawalakhel,
which is situated in an urban area of Patan City
(Lalitpur), neighboring Katmandu, and which is also
easily accessible by public transportation and taxi. The
total Tibetan population 20 years of age and over was
approximately 813 at the time of the study. About
66.2 % of the Tibetan immigrants population, 236
males and 303 females participated in this study. Over
half of the Tibetan
weavers(58%) with the remainder comprising office
workers(11%), merchants(10%) and others (21%).

participants were carpet

Study design

The study protocol was approved by the Tribhuvan
University Research Division and Ethnic Committees.
The best ways to approach the subjects, to explain the
survey and obtain their consent for participation were
planned for about one month (March 1990 in
Bhadrakali and September 1990 in Jawalakhel)
beforehand with the help of local social organizations
and the leaders of each community. If an individual
agreed to be a study subject, then we gave that person
a free physical examination including taking a
complete history by well-trained Nepalese physicians.
Pregnant women, residents younger than 20 years of
age, those with an active infection and postprandial
subjects were excluded from this analysis.
Approximately 10 ml of venous blood was drawn from
the subjects using an ethlenediamine tetraacetic acid
(EDTA) tube (Nunc Cryo Tube No. 363401, 1.8ml,
Denmark) and at both the ward-office in Bhadrakali
and at the public local clinic in Jawalakhel. None of
the subjects had been taking any medication.

Blood samples were centrifuged and kept frozen at
—40°C until a biochemical analysis[total cholesterol,
high density lipoprotein (HDL) cholesterol, triglyceride
and others] was done within 7 days after being
transported in dry ice by air to Japan. Some samples
were measured at the Tribhuvan University Clinical

Laboratory. Each participant received a copy of his/her
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own biochemical results. The blood biochemistry
analysis (by standard techniques using auto-analyzer
(Olympus AV-500, Olympus Optical Co., Ltd., Tokyo)
(FPG;
oxidase/peroxidase method), fasting immunoreactive
insulin (F-IRI; Phadeseph Insulin RIA kit; Sweden)
and fructosamine (FRA)!?
obtained after a 10-h overnight fast. The blood
pressure (OMURON HEM 401C, Tateishi; Electronic
Co., Tokyo),
composition [body mass index; BMI (Body weight;
kg/height in m?)], percentage of body fat (% Fat;

included fasting plasma glucose glucose

and all samples were

anthropometric  variables,  body

estimation from skinfold thickness and body surface
area by using the equation of Nagamine and Suzukil?),
and maximal oxygen uptake (VOz max) measured in
516 subjects (85 men and 65 women in Bhadrakali and
186 men and 180 women in Jawalakhel, respectively)
by Margaria’s indirect method!® were recorded (Table
4).

A total of 240 subjects (114 men and 126 women) in
Bhadrakali and 533 (233 and 300) in Jawalakhel
participated in the nutritional survey (Table 3).
Nutritional intake was measured by a 24-h recall
questionnaire!?. More than 30 foods representative of
the local diet were collected in both areas, dried to a
constant weight at —80°C in Tribhuvan University, and
transported to Japan for analysis of their nutrient
content. The details of these measurements have been
published elsewhere 810, At the time of the original
study, no criteria for population-based mass screening
of Type 2 diabetes had yet been established. Therefore,
our data from 1990 were recently reanalyzed using the
guidelines for impaired fasting glucose (IFG) and
diabetes based on the current diagnostic criteria of the
ADAY and WHO-1998 without O-GTT
Participants with a fasting plasma glucose (FPG)

11),15)_

concentration of less than 110mg/dl(<6.1 mmol/l) were
classified as normoglycemic, those with FPG between
110 and 125 mg/d1(6.9 mmol/l) were considered to have
IFG, and those with FPG greater than 126 mg/d1(7.0
mmol/l) were considered to have diabetes!V:14.19 The
values as an indicator of insulin resistance for subjects
were calculated using the following formula:
HOMA-IR=[F-IRI (uU/m]) xFPG (mg/d])+405]9.

where HOMA-IR is the homeostasis model assessment

of insulin resistance.

Statistical analysis

The statistical results are expressed as the
meantSD  analysis of the data, including
between-group comparisons using the Chi-square
method, the t-test, or the

non-parametric test. A P value of < 0.05 was

unpaired Student’s

considered to be significant.

Results

As shown in Table 1, we analyzed a total of 286
inhabitants in the suburban Bhadrakali area and 539 in
the Tibetan refugee camp, Jawalakhel were analyzed as
shown in Table 1. The prevalence of diabetes mellitus and
IFG for subjects aged 20 years or over was 1.4 % and 2.5 %
respectively, in Bhadrakali village. In Jawalakhel, seven
cases of diabetes (1.3 %) and six of IFG (1.1 %) were found.
The mean values (SD) of serum biochemical variables (total
cholesterol, protein), HOMA-IR and FRA for the subjects by
sex and village were significantly different between
Jawalakhel and Bhadrakali as shown in Table 2. The FRA
values were in the normal reference range (205-285 pmol/l)
in all subjects in both communities. An FPG level of over
140mg/dl was found in three elderly persons in Bhadrakali
and four in Jawalakhel. According to these results, we
previously reported an extremely low rate of diabetes
mellitus in both communities Nepal in 1990 (in Japanese)®.
The total energy intake was significantly higher in
Bhadrakali than in Jawalakhel (Table 3). Not only the
protein intake and fat intake (especially animal protein)
but also the crude fiber intake was significantly higher in
Bhadrakali than in Jawalakhel. The quality and quantity,
however, were exceedingly low in both communities
compared to those currently recommended in Japan2? and
the U.S.A2V. The carbohydrate intakes were relatively
lower in Jawalakhel than in Bhadrakali (Table 3). The
mean biochemical values in all subjects were not
significantly different from the mean values found in those
who participated in the daily nutrient survey. Although the
number of subjects was small because only relatively young
people participated in the exercise test in Bhadrakali, the
VOs max was similar for both sexes and communities and
there was a decreasing trend regarding age in both
communities (Table 4). However, some subjects with
moderate obesity (Bhadrakali, 3 males and 6 females;,
Jawalakhel, 27 males and 46 females, BMI =25 kg/m?
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Table 1. The number and percentage of subjects with diabetes (DM) and impaired fasting glucose (IFG) by sex and age in
Jawalakhel, Tibetan refugee camp, and in suburban Bhadrakali community studied in 1990

Male

Female Total

Site Age, years DM IFG  Obesity Number DM IFG  Obesity Number DM IFG  Obesity Number
Jawalakhel

20—39 0 0 8(6.7) 120 0 0 16(10.7) 149 0 0 24 (8.9) 269
40—59 1(1.2) 2(2.4) 15(12.9) 85 2(1.7)  2(1.7) 26(22.6) 115 3 4(2.0) 41(20.5) 200
260 2(6.5) 2(6.5) 44.7) 31 2(5.1) 0 4(10.3) 39 4 2(2.9) 8(11.4) 70
Total 3(1.3) 4(1.7) 27(11.4) 236 4(1.3) 2(0.7) 46(15.2) 303 7(1.3) 6(1.1) 73(13.5) 539
Bhadrakal

20—39 0 1(1.5) 1(1.7) 66 0 2(29) 229 69 0 322) 3(22) 135
40—59 0 13.1) 1(3.1) 32 0 0 3(5.0) 60 0 1(1.0) 44.3) 92
260 3(13.0) 1(4.3) 1(4.3) 23 12.7) 2(5.6) 12.8) 36 4(6.8) 3(5.1) 2(33.4) 59
Total 3(24) 3(2.5) 3.5 121 1(0.6) 4(2.4) 6(3.6) 165 4(1.4) 7(2.5) 9(33.1) 286

Percentage in parentheses. Obesity : Body Mass Index = 25(kg/m?)

Table 2. The body mass index and index of insulin resistance (HOMA-IR) and blood biochemical variables of the subjects
by sex and the community

Male Female
Jawalakhel Bhadrakali Jawalakhel Bhadrakali
BMI (kg/m2) 21.3+3.1" 19.5+2.3 22.0+3.5" 19.6+2.5
Ranges of BMI 15.7—33.5 14.6—25.7 15.4—35.1 15.3—25.6
FPG (mg/dl) 87x14 85*16 8612 84+12
F-IRI (uU/ml) 7.1%4.0 6.246.1 8.0£4.0 5.945.6
HOMA-IR 1.6%+1.0" 1.1£0.9 1.84+1.2" 1.2+1.4
Fructosamine (ptM/1) 210%20" 223423 214%+18" 219423
Total protein (g/dl) 7.7+£0.4" 7.94+0.5 7.8+0.4" 7.9£0.6
Albumin (g/dl) 44+02" 45+03 44402 4403
Total cholesterol (mg/dl) 158 +33" 148+37 163 +=34" 153+34
HDL-cholesterol (mg/dl) 43.7+9.8" 39.0x11.1 48*11 42.7£9.7
Triglyceride (mg/dl) 111+48" 14890 98 +40" 12562
Mean + SD, Obesity : Body Mass Index = 25(kg/m?),
HOMA-IR : homeostasis model assessment of insulin resistance
Number of participants in parentheses.
*p<0.05, **p<0.01, #p<0.001 (vs. values of Bhadrakali by a non-parametric test)
Table 3. Daily nutrient intakes and composition of the subjects by sex and community
Male Female
Jawalakhel Bhadrakali Jawalakhel Bhadrakali
Energy intake (kcal/day) 2480'_*‘909(233)** 2815+939(114) 2182-_*-715(300)** 2608=+=885(126)
Protein (%) 123+2.0" 10.8+1.7 11.9+1.8" 11.1+£1.8
Fat (%) 20.0+8.1" 11.4+4.4 22.949.9" 11.24+4.8
Animal protein ratio (%) 26.4+11.6 9.9+7.4 25.2+10.7 9.3%+6.7
Carbohydrate (%) 67.7x12.2" 77.8%+5.6 652%11.7" 77.7%£5.7
Crude Fiber (g/day) 6.9+3.7" 12.4+5.8 6.4+3.0" 11.9+4.8

Mean+SD,

Number of participants in parentheses.

*p<0.05, **p<0.01, #p<0.001 (vs. values of Bhadrakali by a non-parametric test)
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Table 4. Percentage of body fat (% Fat) and physical activity shown as the maximal oxygen uptake (VO, max) of the
subjects by sex and community

Sex Male Female
Sites
Jawalakhel Bhadrakali Jawalakhel Bhadrakali

Years old % Fat VO2 max % Fat VO2 max % Fat VO2 max % Fat VO2 max
20-29y.0 13.3%4.1(65) 46.2%8.0(64)" 11.8£3.0(42) 42.1£62(38) 22.7+5.986)" 35.6+59(74) 15.8+4.4(42) 36.4+5.0(32)
30-39y.0 154455 (55)" 39.9£82(47)  124%3.6(24) 39.4%5.6(21) 243%+7.5(63)" 34.6£5.0(72) 163£5.4(29) 33.1+4.7(5)
40-49y.0 16.5£6.8 (28) 34.1£25.5(24) 12.5%£35(11) 37.5%57(7)  23.6+7.2(67)° 32.3£4.5(41)  14.8+4.7(21) 33.9+5.2(6)
50-59y.0 15.5+5.8 (57) 32.2£5.2(38)  11.1£3.1(22) 343=£5.1(11)  25.1%7.6(48)" 30.7£34(13)  15.0£52(20) 30.8%5.5(65)
Z60y.0 15.8+5.0(31)" 31.2£53(13)  11.3£24(22) 323%1.7(8)  18.8+7.039)" 29.8+2.1(2)  13.0+4.4(14) nd

Total 15.3%5.4(236) 39.3£9.1(186) 11.8%3.1(120) 39.2£6.585)  29.9%7.0(303)" 342£54(180) 14.8+4.8(140) 34.6£59(22)

Mean + SD, % Fat : Percentage of body fat, VO max : Maximal oxygen uptake (ml/kg/mirn),

Number of participants in parentheses, n.d : not determined

* p<0.05, ™ p<0.01, #p<0.001 (vs. values of Bhadrakali by a non-parametric test)

based on the 2002 criteria of the Japan Society for the
Study of Obesity 22) were found, as shown in Table 1. The
prevalence of obesity was significantly different, namely it
was much higher in Jawalakhel (13.5%) than in
Bhadrakali (3.1 %), especially in middle-aged and elderly
persons in Jawalakhel (Table 1). The percentage of body fat
(%Fat) was also significantly higher in Jawalakhel than in
Bhadrakali in all age groups (Table 4).

Discussion

We read with great interest the short communication
by Singh and Bhattarai’® on the high prevalence of
diabetes impaired glucose/glycaemia IFG) (urban, diabetes
and IFG: 14.9 % and 9.4 %; rural, diabetes and IFG: 4.1 %
and 1.9 %, respectively) in the first heterogeneous
population-based rural and urban Nepal survey using the
new diagnostic criteria of ADAY and WHO-1998, which do
not require an O-GTT?. Recently, Karki and colleagues??:
24 also reported a high prevalence of Type 2 diabetes(6.3%;
1.6% previous and 4.7% new) in the urban areas of eastern

Nepal in a hospital-based study of a heterogeneous

Nepalese population using the modified WHO-1985 criteria.

Some of the subjects were tested with O-GTT and also had
their glycated hemoglobin measured??. After reading these
statistics, we decided to reanalyze an area of Katmandu
that had been surveyed in 1990, at the Jawalakhel Tibetan
refugee camp, and in a suburban area of Bhadrakali, which
were considered to be representative of the different ethnic

origins groups currently seen in Nepal®.

Our newly analyzed findings showed a relatively low
prevalence of diabetes (1.4 %) and IFG (25 %) in
Bhadrakali and 1.3 % and 1.1 % in Jawalakhel, even
though the suburban area of Katmandu was included.
Although the locations of the current survey by Singh and
different, Bhadrakali

demonstrates a similar in cultural lifestyle, diet, and

Bhattarail® were probably
nutritional status to that of Barbar Mahal, Balaju, and
other similar areas of Katmandu that had been previously
studied by them!®. However, Jawalakhel had a somewhat
different cultural lifestyle, diet, and nutritional status in
comparison to these areas. The daily diet of Tibetan
immigrants consisted mainly of noodles, Tibetan bread,
sanba and Tibetan tea. Tibetan tea is made from rock salt,
butter, and tea, and it is rich in both saturated and
mono-unsaturated fatty acid (data not shown). Tibetan tea
may be one of the important nutritional foods for Tibetan
immigrants.

In contrast, the usual daily diet of Bhadrakali villagers
consisted mainly of bhaat, dido, and tarukali. Achar and dal
were also seen in their diet. The staple foodstuffs in
Bhadrakali were corn and wheat. Drinking tea with sugar
was also common in Bhadrakali, whereas there was no
habit of drinking Tibetan tea. The level of habitual activity
is considered to be the most important factor influencing
VOz max. In both sexes, the mean VOz max of the Tibetan
immigrants was very similar to the levels seen in level the
suburban group of native Nepalese in Bhadrakali. Half of
the men and two thirds of the women worked as weavers at

a factory for Tibetan carpet products. As the results, most of
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the participants in Jawalakhel had basically a sedentary
lifestyle and were relatively inactive physically.

It is not easy to evaluate why the total cholesterol
concentration and protein as well as triglyceride levels
differed between the communities, and no available data
have yet been reported in Nepal. The HOMA-IR levels in
Jawalakhel were significantly higher than in Bhadrakal
but they did not correlate with the BMI in both
Communities (data not shown). This type of impaired
glucose regulation is not always related to the BMI. Our
data suggest that the degree of obesity may therefore not
play an essential role in the development of diabetes?”. The
relationship between obesity and insulin resistance may
occur at lower levels of fatness in south Asians than in
Europeans and/or Caucasians 29, Various lifestyle factors
in Jawalakhel are probably also responsible for the low
incidence of diabetes, in spite of an extremely high
prevalence of obesity in comparison to that in Bhadrakali.

More, sophisticated methods are needed to determine the
BMI, and more studies should be undertaken to explore the
risk factors related to the prevalence of diabetes in different
communities of the same country. Although ethnic-related
differences in lifestyle factors may be partially related to a
predisposition to develop diabetes, ethnic/racial variations
have been reported to play a more determinant role2?-29,

Recent heterogeneous hospital-based surveys also carried
out by others3?-32 have shown a surprising and dramatic
increase in the number of diabetes cases in Nepal.
Epidemiological studies regarding the role that ethnic
and/or racial differences play in the prevalence of diabetes
and obesity in both racially different populations in
common environments, and in recent immigrant
populations, have also provided important insight into the
possible role that ethnicity and environmental variations
play in the etiology of these disorders®2729, At the time of
our study, no criteria for population-based mass screening
of Type 2 diabetes had yet been established. There is
considerable discordance between IFG and impaired
glucose tolerance (IGT) and a lower sensitivity of IFG for
predicting the development of diabetes2¥:33 or
cardiovascular disease3?. A higher prevalence of IGT
than IFG has also been reported for all age-groups
in an Asian cohort study2®. As a result, it is possible
that our findings underestimated the prevalence of
undiagnosed diabetes in Nepal. However, it was

very difficult to perform O-GTT even in Katmandu

at the time of that study.

The recent rapid increase of diabetes in Nepall'®, in
comparison to our previous surveys in both
communities in Nepal and in an ethnically different
Tibetan population in Jawalakhel, appears to have
been influenced more by socioeconomic development
and/or dietary changes more than by ethnic differences.
In fact, since the establishment of democracy in Nepal,
urbanization, modernization, demographics and
socioeconomic status have all dramatically changed in
both urban and suburban Katmandu39-3®. During the
last 10 years, namely during the first decade of
democracy, the lifestyle has dramatically changed from
a traditional one to a modern one in both communities.
Although it is not easy to compare the two surveys in
question, a three to ten times higher prevalence
toward diabetes was observed in Singh and Bhattarai’s
survey!®, even though the age distribution was the
same.

Further follow-up research, particularly analyses
of ethnic differences, will be necessary to clarify the
relative role of the various factors contributing to the
rising rate of diabetes and IFG in Nepal. The increase
in diabetes and obesity, not only in the urban areas of
Katmandu, but also among Tibetan immigrants, may
be soon be a greater public health problem than
infectious and/or inflammatory diseases. Our newly
revised data therefore provide baseline features for the
planning of local and national multi-agency measures
and for the establishment of medical priorities in

modern day Nepal.
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