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Abstract Aims/hypothesis: This study was conducted to
investigate the prevalence of diabetes and its association
with ethnicity and sex, to identify subgroups at special risk.
Methods: We performed a population-based cross-sec-
tional survey of 30- to 67-year-olds in an area of Oslo with
low socio-economic status, and collected data using ques-
tionnaires, physical examinations and serum analyses for
the 2,513 participants (attendance rate 49.3%). Results: In
the age group 30-59 years, mean BMI was 28.5 (95% CI:
27.5-29.6) for South Asian women, 26.1 (25.9-26.4) for
Western women, 26.7 (26.1-27.4) for South Asian men
and 27.2 (26.9-27.5) for Western men. The diabetes preva-
lence rates were 27.5% (18.1-36.9) for South Asian
women, 2.9% (1.9-3.4) for Western women, 14.3% (8.0—
20.7) for South Asian men and 5.9% (4.2-7.5) for West-
ern men. The age-adjusted odds ratio (OR) for diabetes for
women vs men was 1.9 (0.9—4.1) for South Asians, and 0.4
(0.3-0.6) for the Western population (p<0.001). The age-
adjusted OR for diabetes for South Asians vs Westerners
was 11.0 (5.8-21.1) for women and 3.0 (1.6-5.4) for men,
and after adjustment for WHR the ORs were 7.7 (3.9-15.3)
for women and 2.6 (1.4-4.9) for men. After additional ad-
justments for physical activity, education, body height and
fertility for women, the OR was 6.0 (2.3-15.4) for women
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and 1.9 (0.9-4.0) for men. Conclusions/interpretation: The
alarmingly high prevalence of diabetes among South Asian
women in Norway needs further investigation, as it has
considerable public health implications. Ethnic differences
in OR for diabetes persisted after adjustment for age,
adiposity, physical activity and education. These differences
were still present for women after additional adjustment for
body height and fertility.
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Introduction

Several studies have demonstrated large ethnic differences
in diabetes susceptibility, but the relative importance of
environmental and genetic factors remains to be clarified.
Reports from studies of European and Asian cohorts place
the urban population from India at greatest risk, and dif-
ferent ethnic susceptibility according to age and BMI has
been reported [1-3].

In Western societies, low socio-economic status is a risk
factor for type 2 diabetes and cardiovascular disease, but
the extent to which socio-economic status can explain eth-
nic differences in the prevalence of these diseases between
migrants and the host population is still under discussion
[4, 5]. In recent years, only a few studies from Europe have
focused on the associations between diabetes prevalence,
ethnicity, modifiable lifestyle factors and socio-economic
status [5, 6].

The aim of this investigation was to study the prevalence
of diabetes in relation to ethnicity and sex, including
known risk factors and socio-economic factors as possible
confounders in the analyses.
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Subjects and methods

In 2000, 6,140 subjects aged 30—67 years in two ad-
ministrative districts with low socio-economic status in
eastern Oslo were invited by letter to participate in a popu-
lation-based survey containing a questionnaire with ques-
tions about general health status, self-reported disease,
health-related behaviour and socio-economic factors (the
letter contained brief information in several languages) [7].
The questionnaire was translated into relevant languages.
Measurements of body height, weight, waist and hip cir-
cumferences, blood pressure and non-fasting serum glucose
(NFSG) were performed according to established standards
[7].

Known diabetes was based on self-reports. Subjects with
NFSG levels above 6.0 mmol/l were requested to return
within a few days for a fasting serum glucose (FSG) and
HbA ¢, measured by HPLC (Variant; Bio-Rad, Richmond,
CA, USA) with a normal reference range of 4.1-6.4%. Sub-
jects not reporting diabetes, but with FSG of 7.0 mmol/l or
above, or HbA ¢ greater than 6.4%, or NFSG of 11.1 mmol/I
or higher and not attending for fasting venous samples, were
categorised as having undiagnosed diabetes [7].

Self-reported leisure-time physical activity was assessed
using two sets of questions on a four-point scale [7]. In the
analyses the two categories for the highest levels of activity
were merged for both variables. The questionnaire con-
tained questions about food frequency and preferences for
selected items, work participation and years of formal edu-
cation (<9, 10-12, >12 years) [7]. The income variable was
based on information from several registers, and contained

three groups for annual net income as defined by Statistics
Norway: low (<€ 18,000), medium (€ 18,000-24,000), and
high (>€ 24,000). Ethnicity was classified according to
information on country of birth from Statistics Norway. A
total of 2,950 persons (48%) attended and gave written
consent for the use of their data. Pregnant women (n=17)
and the non-South Asian immigrant group (n=420) were
excluded, the latter because of its heterogeneity, leaving
2,302 Westerners (Western Europe, North America, Aus-
tralia and New Zealand), and 211 South Asians (Pakistan,
n=113, India, n=28, Sri Lanka, #=70) in the study. Western
men under 40 years of age had the lowest attendance rates.
In both ethnic groups the non-attenders had slightly lower
socio-economic status than the attenders. Further details
about the methods, including a discussion of selection bias,
have been reported earlier [7]. The Regional Ethics Com-
mittee and the Norwegian Data Inspectorate approved the
study protocol.

Statistical analyses Chi square tests were used to assess
differences in distributions between groups. For continuous
variables, the mean and SD are given, and #-tests were per-
formed to assess differences between groups. Diabetes preva-
lence and adiposity variables were age-standardised using
the Norwegian population in 2000. The associations be-
tween diabetes and ethnicity, sex and other variables were
calculated using logistic regression analyses, with diabetes
as the dependent variable. Interactions were tested by per-
forming chi square tests comparing log likelihood of the
models with and without cross-product terms between two
and two factors. For continuous variables, the regression

Table 1 Background factors in
30- to 67-year-olds by sex and
ethnicity

Western (n=2,302) South Asians (n=211)

Values are percentages unless
stated otherwise

2p<0.001 vs men

bp<0.001 vs Western

°p<0.05 vs Western

Women SD Men SD  Women SD Men SD

(n=1,322) (n=980) (n=90) (n=121)
Attendance rates 53.7% 443 474 50.0
Age (years) mean (SD) 48.6 9.7 49.7 10.1 41.9° 82 43.1° 85
Body height (cm) mean (SD) 165.9° 6.3 179 6.8 157.6™ 5.8 169.5° 6.6
Fertility rate (number of children) 1.7 1.1 3.2° 1.8
mean (SD)
Socio-economic factors
Full-time job 55.4% 78.1 31.0° 71.7
Prevalence of low net income 30.2° 17.2 63.6™ 24.6°
Prevalence of high education 34.9% 42.4 30.6¢ 452
Divorced or separated 26.3 18.4 5.6° 2.5°
Behavioural factors
Physical inactivity—different variables
Sedentary leisure time subjects ~ 23.3% 32.5 57.9° 57.0°
No heavy physical activity in 40.7° 35.0 64.0° 50.5°
leisure time
Dietary habits
Full fat milk daily 10.1 10.9 34.9° 36.1°
Preference for soft drinks with ~ 50.4* 66.9 62.9% 80.4°
sugar vs without
Juice daily 27.2¢ 22.7 37.3¢ 36.4°
Fresh vegetables daily 11.6* 6.7 22.1°¢ 14.2¢
Daily smokers 44 .4° 35.6 1.2% 26.1°

<0.05 vs men
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Fig. 1 Age-specific prevalence of known (hatched bars) and un-
diagnosed (open bars) diabetes by ethnicity in women (a) and men (b)

coefficients were standardised using the SD for the whole
population for each variable. Differences in regression
coefficients between groups were assessed using z-tests. A
p value of less than 0.05 was considered significant.

437

Results

Diabetes was reported by 103 of the 2,513 subjects studied,
but the total number of subjects with diabetes was 170
when the cases detected in the survey were included. Nine
of the subjects with known diabetes were diagnosed before
the age of 25 years. The main characteristics of the popu-
lations are given in Table 1. The age-specific and sex-
specific prevalence of diabetes differed markedly between
the ethnic groups (Fig. 1), as did the age-standardised dia-
betes prevalence and adiposity variables (Table 2). For
30- to 67-year-olds, the age-standardised total diabetes preva-
lence was 3.3% (95% Cl:2.3-4.3) for Western women and
7.2% (95% Cl1:5.6-8.8) for Western men.

In the logistic regression analyses we found significant
interactions for sex/ethnicity (»p<0.001), ethnicity/income
(»<0.01) and sex/income (p<0.02). Sex-specific analyses
were therefore first performed for each ethnic group. The
regression coefficients differed according to sex and eth-
nicity (Table 3). We then assessed the impact of sex as
such, as well as of the socio-economic factors, on diabetes
prevalence within each ethnic group. Finally, we performed
sex-specific analyses to identify the impact of ethnicity in
different models, adjusting for risk factors and covariates.

The age-adjusted odds ratio (OR) for diabetes for women
vs men was 1.9 (95% Cl:0.9-4.1) for South Asians, and 0.4
(95% C1:0.3-0.6) for the Western population (p<0.001).
The ethnic difference was significant after additional ad-
justment for BMI (OR 1.5; 95% CI:0.7-3.4 vs 0.4; 95%
Cl:0.3-0.6). Education was strongly negatively associated
with diabetes among Westerners after adjusting for age. A
similar tendency was found among South Asians (not sig-
nificant). With increasing levels of income, a gradual re-
duction in OR for diabetes was observed for Western men
and women. The sex/income interaction implied a sig-
nificantly stronger impact of income for women than for
men. In contrast, the association was positive among South
Asians, making the ethnic difference for this variable sta-
tistically significant. When assessing the effect of income
among the immigrants, as the sex/income interaction here
was non-significant, the OR for diabetes adjusted for age
and sex was 3.0 (95% Cl:1.1-8.3) for the medium-vs the
low-income group (p=0.03), and 1.9 (95% C1:0.6-5.7) for

Table 2 Age-standardised diabetes prevalence (self-reported and total) and adiposity parameters for 30- to 59-year-olds

Western (n=1,944)

South Asian (#=205)

Women (n=1,144) 95% CI  Men (n=800) 95% CI = Women (n=87) 95% CI = Men (n=118) 95% CI

Self-reported diabetes 2.0 1.2-2.8 3.1 1943 227 13.9-31.5 9.0 3.9-14.2
prevalence (%)

Total diabetes 2.9 1.9-39 59 42-75 275 18.1-36.9 14.3 8.0-20.7
prevalence (%)

BMI (mean) kg/m? 26.1 25.9-26.4 272 26.9-27.5 28.5 27.5-29.6 26.7 26.1-27.4
BMI >30 kg/m® (%) 19.4 17.1-21.7 212 18.3-24.0 36.7 26.5-46.9 17.0 10.2-23.7
WHR (mean) 0.80 0.79-0.80 0.91 0.91-0.92 0.85 0.83-0.87 0.92 0.91-0.93

Norwegian population (men and women): 30-59 years as standard. The age group 60-67 years was omitted due to small numbers of South

Asians
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Table3 Odds ratios (ORs) from
logistic regression analyses with
diabetes as dependent variable
for Western and South Asian
subjects by sex

ORs are standardised for con-
tinuous variables for one SD
difference. Categorical variables
are in three categories, and are
analysed as categorical. All
variables are age-adjusted. z-
tests for differences in regres-
sion coefficients between ethnic
groups were performed to test
whether they are significant at
the p=0.05 level

“Between Western and South
Asian groups

"WHR is multiplied by 10
before standardisation

°Omitted due to small numbers

Western South Asian p*

OR 95% CI OR 95% CI
Women
Age 1.64 1.59-1.69 226 2.11-2.41 <0.001
Anthropometric variables
BMI 1.67 1.59-1.76 1.22 1.09-1.36 <0.001
WHR" 249 1.76-3.50 2.21 1.064.59 ns
Leisure time physical activity variables
Sedentary (reference) 1.0 1.0
Active <4 h/week 1.01 0.50-2.05 1.24 0.38-3.99 ns
Active >4 h/week 0.55 0.12-2.56 -¢
Heavy physical activity—no (reference) 1.0 1.0
Heavy physical activity: <1 h/week 0.68 0.31-1.50 0.85 0.22-3.30 ns
Heavy physical activity: >1 h/week 0.28 0.10-0.74 0.56 0.10-3.13 ns
Daily smoking (yes vs no) 1.14 0.64-2.04 -°
Socio-economic factors
Net income—low-income group (reference) 1.0 1.0
Net income—medium-income group vs low 0.28 0.14-0.57 2.48 0.66-9.31 <0.01
Net income—high-income group vs low 0.08 0.03-0.28 1.61 0.35-7.34 <0.01
Years of education—low-education group (reference) 1.0 1.0
Years of education—medium-education group vs low 0.53 0.27-1.03 0.66 0.20-2.23 ns
Years of education—high-education group vs low) 0.33 0.14-0.78 0.35 0.08-1.57 ns
Body height (cm) 0.45 0.43-0.47 1.18 1.08-1.30 <0.001
Men
Age 1.98 1.93-2.03 2.70 2.53-2.88 <0.001
Anthropometric variables
BMI 1.86 1.77-1.96 2.11 1.82-2.45 ns
WHR" 2.30 1.68-3.16 3.95 1.40-11.17 ns
Leisure time physical activity variables
Sedentary (reference) 1.0 1.0
Active <4 h/week 0.86 0.53-1.40 1.38 0.40-4.79 ns
Active >4 h/week 040 0.17-0.94 -°
Heavy physical activity—no (reference) 1.0 1.0
Heavy physical activity: <1 h/week 0.85 0.48-1.52 0.41 0.08-2.19 ns
Heavy physical activity: >1 h/week 0.65 0.38-1.14 1.40 0.30-6.56 ns
Daily smoking (yes vs no) 091 0.56-1.46 0.70 0.17-2.81 ns
Socio-economic factors
Net income—low-income group (reference) 1.0 1.0
Net income—medium-income group vs low 0.52 0.28-0.96 4.00 0.71-22.53 <0.05
Net income—high-income group vs low 0.49 0.28-0.86 2.46 0.39-15.38 ns
Years of education—low-education group (reference) 1.0 1.0
Years of education—medium-education group vs low 0.48 0.27-0.86 1.56 0.31-7.91 ns
Years of education—high-education group vs low) 0.62 0.35-1.09 0.99 0.18-5.35 ns
Body height (cm) 0.70 0.67-0.73 0.85 0.79-0.93 <0.001

the high-vs the low-income group. Physical activity was
significantly inversely associated with diabetes for Western-
ers, but no significant association was found for South
Asians.

In the sex-specific models, the age-adjusted OR for dia-
betes for South Asians vs Westerners was 11.0 (95%
Cl1:5.8-21.1) for women and 3.0 (95% Cl:1.6-5.4) for men,
and after adjustment for WHR the ORs were 7.7 (95%
Cl:3.9-15.3) for women and 2.6 (95% Cl:1.4—4.9) for men.
The ethnic differences persisted at the same level after ad-
justing for heavy physical activity and/or education. In the

fully adjusted model with age, WHR, education, physical
activity and body height, the OR for diabetes for South
Asian vs Western men was 1.9 (95% C1:0.9-4.0). However,
for women the OR was 6.0 (95% Cl:2.3—15.4) after similar
adjustments and adjustments also for fertility rates.

Discussion

The observed diabetes prevalence of 7.2% in Western men
is higher than reported in most studies from Europe [1], but



is comparable to recent findings from a study in Denmark
that also reported men as the sex at highest risk [8]. The
proportion of previously undiagnosed diabetes was highest
in men. Since OGTTs were not performed, the total diabe-
tes prevalence is probably underestimated, particularly for
Western women over 60 years of age [1]. Not surprisingly,
the diabetes prevalence in the South Asian population is
higher than in the host population, but for the women the
prevalence is high even compared with reports from urban
areas in the Indian subcontinent and from South Asian
migrants to different continents [2, 9]. Up until now, the sex
difference in diabetes prevalence has been given little
attention.

The trends in obesity development seem to affect West-
ern men more than women, whereas women seem to be the
most susceptible among South Asian migrants. The mean
BMI for South Asian women was higher than reported in
most studies of migrants to Europe, or from their country of
origin [3]. Even though there may be problems with validity
of the data when assessing physical activity using ques-
tionnaires, we found striking differences between the two
populations studied. The dominant finding was the low
level of physical activity among the South Asians. When the
majority of people are obese or sedentary, the association of
these factors with diabetes is probably underestimated.
Different cultural norms about leisure-time physical activity
probably exist. A cold climate possibly represents an extra
barrier for immigrants to engage in outdoor physical ac-
tivity. The South Asians seem to have a higher preference
than Westerners for some energy-dense food items, and this
may also contribute to the energy imbalance.

With attendance rates of 49.4% (Westerners) and 49.0%
(South Asians) the possibility of selection bias exists. Sub-
jects with low socio-economic status are slightly under-
represented in both groups [7]. Attendance rates in surveys
in Norway have fallen markedly during the last few de-
cades to even lower rates than in the present study, espe-
cially among low socio-economic status groups and among
immigrants [10]. When studying the associations between
disease and risk factors, however, the effect of selection
bias will be less than when assessing prevalence estimates
or population means of risk factors. However, the impact of
the low attendance rate on the prevalence estimates of
diabetes was considered to be of minor importance in a
recent study, and they are probably underestimated rather
than overestimated [10].

The associations between diabetes and education, in-
come and body height among Westerners are strong, espe-
cially for women. The reverse effect of income on diabetes
prevalence across the populations studied may be seen as a
co-existence in time and space of sub-populations in dif-
ferent stages of the epidemiological transition of the dia-
betes epidemic. Height may serve as a proxy for ethnicity
and genetic factors, but also for childhood socio-economic
status. We have found only one small study of highly se-
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lected Europeans, in which the association of diabetes with
present and past socio-economic factors, and adiposity and
behavioural factors were assessed in the same model [6].

The different impact of sex in the two ethnic groups
gives a strong indication of the importance of environ-
mental influences, even when populations with high vs low
susceptibility for diabetes are compared. Ethnic differences
in sex roles, job participation and societal norms about
obesity and physical fitness may be of importance. The
very high diabetes prevalence in ethnic subgroups re-
presents a new public health challenge in the Nordic coun-
tries. Culture-specific strategies made in cooperation with
the immigrant communities should be designed and evalu-
ated, to prevent a further increase in the future.
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