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Objective. To study trends in body mass index (BMI)

at diagnosis of diabetes in all young Swedish adults

in the age range of 15–34 years registered in a

nation-based registry.

Design. The BMI was assessed at diagnosis in

diabetic patients 15–34 years of age at diagnosis,

for a period of 17 years (1983–1999). Islet cell

antibodies (ICA) were measured during three periods

(1987–1988, 1992–1993 and 1998–1999).

Setting. A nationwide study (Diabetes Incidence

Study in Sweden).

Subjects. A total of 4727 type 1 and 1083 type 2

diabetic patients.

Main outcome measures. Incidence-year specific

BMI adjusted for age, gender and time of diagnosis

(month).

Results. Body mass index at diagnosis increased

significantly both in type 1 (21.4 � 3.6 to 22.5 �
4.0; P < 0.0001) and in type 2 (27.4 � 6.8 to

32.0 � 6.0; P < 0.0001) diabetic patients, also

when adjusted for age, gender and month of dia-

gnosis. A similar significant increase in BMI was

found in type 1 diabetic patients and in type 2

diabetic patients in the periods 1987–1988, 1992–

1993 and 1998–1999; years when ICA were assessed

and considered in the classification of diabetes.

Despite this increase in BMI, there was no increase

in the incidence of diabetes in young-adult people in

Sweden.

Conclusion. Body mass index at diagnosis of dia-

betes in subjects 15–34 years of age has substan-

tially increased during 1983–1999 in Sweden when

adjusted for age, gender and month of diagnosis.

Keywords: Body Mass Index, incidence, islet cell

antibodies, type 1 diabetes, type 2 diabetes, year of

diagnosis.

Abbreviations: BMI, Body Mass Index; ICA, islet cell

antibodies.

Introduction

Available data suggest that the prevalence of obesity

is increasing, both in UK [1] and in the US [2]. In

concordance, studies in Sweden have shown that

body mass index (BMI) and the prevalence of obesity

have increased amongst 18-year-old men in Sweden

during the last 24 years [3]. In agreement, other
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Swedish studies have shown that the increase in

BMI and obesity has been particularly pronounced

in young adult people during the 1980s [4, 5]. The

role of obesity in the pathogenesis of diabetes type 2

[6] is evident and is supported by the recent

observation that increased BMI in young age groups

may explain a corresponding increase in the preval-

ence of diabetes [7]. Indeed, obesity has been

suggested to precipitate the postpubertal onset of

type 1 diabetes [8]. Thus, increased BMI in young-

adults may not only affect the risk of develop-

ing type 2 diabetes but also the male excess of

autoimmune type 1 diabetes, as it has been reported

in a similar study in 15–34-year age group [9]. To

further explore the putative impact of obesity on the

development of diabetes in young adults, the devel-

opment in BMI during 17 years amongst incident

cases of diabetes in young-adult (15–34 years old)

people in Sweden as recorded in the Diabetes

Incidence Study in Sweden (DISS) were examined.

The aims of this report were to evaluate whether

there was an increase in BMI amongst incident cases

of diabetes in young-adults during 1983–1999, and,

if so, whether this affected the incidence of diabetes.

Materials and methods

Since 1983, there is a population-based prospective

registration of all newly diagnosed cases of diabetes

mellitus in the age range of 15–34 years in Sweden,

the Diabetes Incidence Study in Sweden (DISS) [10].

In this study, on a standardized form, following data

are recorded: day of birth, name, gender, maximum

blood glucose during the first 2 weeks of diabetes

(until 1992), height, body weight at diagnosis, and

the type of diabetes as classified by the reporting

physician [insulin-dependent diabetes (IDDM), non-

insulin-dependent diabetes (NIDDM), diabetes sec-

ondary to other diseases, gestational, or unclassifi-

able diabetes].

To increase the strength of the study, the regis-

tration form was changed in 1992. In the new

version, the diagnostic blood glucose value is noted,

i.e. either as fasting, random, or 120 min after a 75-

g oral glucose tolerance test. From 1992, type 1 and

type 2 diabetes are used synonymously with the

terms IDDM and NIDDM, respectively. Patients with

gestational diabetes are not reported to DISS.

The objectives of DISS are to follow the trend in

the incidence of diabetes in young adults and to find

clues to the aetiology and pathogenesis of diabetes

and its complications. Therefore, during 1987–1988

[11], 1992–1993 [12] and during 1998–1999, islet

cell antibodies (ICA) were measured at diagnosis.

The prevalence of ICA amongst patients considered

to have type 1 or type 2 diabetes was constant

during the years.

Validity

The DISS is ongoing, and all Swedish diabetologists

are repeatedly asked to check their records for new

patients with diabetes amongst young-adults. Thus,

as diabetes is a chronic disease, patients who might

have been initially overlooked will be detected and

reported later. Using a routine-based computer

register (the Patient Administrative System In-

patient care), the registration was validated during

1983–1987 in two counties in southern Sweden

covering 9.2% of subjects aged 15–34 years in

Sweden [13]. The level of ascertainment of type 1

diabetes was 0.86, i.e. almost identical with that

obtained in 1986–1997, 0.91, when local hospital

registers of diabetic patients in one county in

northern Sweden were used for validation. With

regard to type 2 diabetes, the level of ascertainment

is difficult to validate. Patient administrative sys-

tems are based on inpatients and type 2 diabetic

patients are mostly diagnosed and treated as

outpatients. Therefore, the ascertainment in type 2

diabetic patients is less than in type 1 diabetic

patients. The ascertainment for type 2 diabetes

seems, however, to have been constant during the

years. The ascertainment study in northern Swe-

den 1986–1997 gave the same degree of ascer-

tainment (0.49) as the 1983–1987 ascertainment

study (0.54).

This study was confined to the period 1983–

1999 and included incident cases registered with

type 1 or type 2 diabetes. To avoid the risk for

misclassification, cases classified as with secondary

or unclassifiable diabetes were excluded. The fre-

quencies of secondary (1–2%) and unclassifiable

(5–10%) diabetes were constant during the obser-

vation period.

As reported in the Tables BMI was calculated as

kg m�2 according to data from the standardized

registration form. Main outcome measures were

year-specific BMI in type 1 and type 2 diabetes

adjusted for age, gender and time of diagnosis
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(month). Obesity was defined in accordance with

WHO [14], i.e. BMI � 30 was considered as obes-

ity.

The ICA were determined by a prolonged immu-

nofluorescence assay [15, 16] and the results were

expressed in Juvenile Diabetes Foundation (JDF)

units. The detection limit (cut-off limit for abnor-

mality) was 2 JDF (1987–1988), 6 JDF (1992–

1993), and >0 JDF (1998–1999), respectively. The

sensitivity was 100% and the specificity 100% in the

last (no. 13) International Diabetes Workshop pro-

ficiency test for ICA.

Statistics

The relationship between the year at diagnosis and

BMI was evaluated with regression analysis and

adjusted for age, gender and month of the year.

Differences between groups were evaluated by

analysis of variance (Kruskal–Wallis test) and, if

significant, differences between two groups were

evaluated with the Mann–Whitney U-test. Differ-

ences in frequencies were evaluated with chi-

square test. A P-value <0.05 was considered

significant.

Results

Physical characteristics

Table 1 shows the complete material comprising

5810 patients registered during the 17 years, 4727

were classified as type 1 and 1083 as type 2 diabetic

patients. There was predominance for men amongst

type 1 diabetic patients (male : female ratio 1.9). As

expected, age and BMI were significantly (P <

0.0001) higher in type 2 than in type 1 diabetic

patients, both for women and men.

BMI and age according to year at diagnosis

Figure 1 shows that mean BMI at diagnosis signifi-

cantly increased from 1983 to 1999, both in type 1

(from 21.4 � 3.6 to 22.5 � 4.0 [P < 0.0001]) and

in type 2 diabetic patients (from 27.4 � 6.8 to

32.0 � 6.0 [P < 0.0001]). Indeed, during the years,

BMI continuously increased with 0.085 year�1 for

type 1 and 0.309 year�1 for type 2 diabetic patients.

Amongst type 1 female diabetic patients, the

increase was similar for all ages, whereas in males,

the increase was found in patients 22 years of age or

older. No similar age-dependent difference was dis-

covered amongst type 2 diabetic patients. BMI varied

with the season (P ¼ 0.0211). We had therefore to

adjust for month at diagnosis and not only for age

and gender (BMI higher in men than in women)

when we finally related BMI to the year of diagnosis.

Nevertheless, when these factors were considered,

Table 1 Male–female ratio, age and body mass index (BMI) according to gender and type of diabetes in 5810 patients reported to the

Diabetes Incidence Study in Sweden (DISS) 1983–1999

Type 1 diabetes Type 2 diabetes All

Characteristics Male Female Male Female Male Female

No. of cases 3073 1654 599 484 3672 2138

Male : female ratio 1.9 1.2 1.7

Mean age (years � SD) 24.0 � 5.7 23.4 � 5.7 28.5 � 4.9 27.7 � 4.8 24.7 � 5.8 24.4 � 5.8

Mean BMI (kg m�2 � SD) 22.0 � 3.7 21.5 � 3.8 30.0 � 6.8* 29.9 � 8.1* 23.3 � 5.3 23.4 � 6.2

*P < 0.0001 versus corresponding type 1 diabetic patients.
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Fig. 1 Body mass index (BMI) according to year at diagnosis in

Diabetes Incidence Study in Sweden (DISS) in type 1 and type 2

diabetic patients in Sweden during 1983–1999. Data are

mean � SEM.
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still we found a significant increase in BMI during the

observation period of 17 years, both for type 1

(P < 0.0001) and type 2 (P < 0.0001) diabetic

patients.

Prevalence of obesity

The prevalence of obesity at diagnosis (BMI � 30)

increased significantly (P < 0.0020) from 36% in

1983, to 58% in 1999 amongst type 2 diabetic

patients whereas the prevalence was unchanged and

low amongst type 1 diabetic patients (3.5% vs.

4.7%).

BMI related to ICA

Owing to problems with a classification based on

clinical judgement [17], the material was subdivided

into two groups during the years when ICA were

assessed: (i) Patients with type 1 diabetes combined

with ICA (‘autoimmune positive type 1 diabetes’)

and (ii) Patients with type 2 diabetes without ICA.

Table 2 shows that BMI significantly increased

amongst patients with autoimmune positive type 1

diabetes and amongst patients classified as type 2

diabetes during the periods 1987–1988, 1992–

1993 and 1998–1999. Indeed, it appeared as the

increase in BMI amongst patients classified as type 2

diabetic had recently occurred (i.e. after 1993)

whereas the increase amongst autoimmune positive

type 1 diabetic patients seemed to have started

earlier (i.e. after 1988).

Incidence of diabetes

Figure 2 shows that the incidence of diabetes

tended to decrease during the 17 years: for type 1

diabetes the decrease was 1.4% year�1 and statis-

tically significant (P ¼ 0.008), for type 2 diabetes

the decrease was not statistically significant

(P ¼0.17).

Discussion

The present study shows that there has been a clear

increase in BMI during the last 17 years in young-

adult people developing diabetes in Sweden. The

increase seems to be continuous and not stepwise in

type 1 diabetic patients whereas it may have been a

phenomenon of the last years in type 2 diabetic

patients.

Despite this increase in BMI, it appears as the

incidence of diabetes in Sweden amongst young-

adult people 15–34 years of age had not increased

during the years.

Our observation of an increase in BMI amongst

young-adult diabetic patients during the last

17 years fits well with recent observations in Nor-

way where obesity (BMI � 30) increased from 3–6%

to 8–12% in 20–39-year-old diabetic patients during

the periods 1984–1986 to 1995–1997 [7].

Although the prevalence later almost doubled in

our newly diagnosed diabetic patients (11–18%), the

prevalence of obesity was clearly higher already in

1983 in our study compared with the Norwegian. As

BMI is increasing in the general young population [1,

2, 3], our finding may reflect this general trend of

BMI in the general population. The observation that

BMI increased in both type 1 and type 2 diabetic

Table 2 The development of mean body mass index (BMI) (�SD)

in autoimmune positive type 1 and classical type 2 diabetic

patients in Diabetes Incidence Study in Sweden (DISS)

Autoimmune positive Classical

Year of diagnosis Type 1 diabetes Type 2 diabetes

1987–1988 n ¼ 220 n ¼ 32

20.8 � 3.0 28.9 � 7.4

1992–1993 n ¼ 215 n ¼ 79

21.5 � 3.1* 29.1 � 7.1

1998–1999 n ¼ 227 n ¼ 93

22.0 � 3.5 33.1 � 7.1**

Kruskal–Wallis P ¼ 0.0009 P ¼ 0.0005

*P < 0.0301 versus 1987–1988; **P < 0.0006 versus 1992–

1993.
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Fig. 2 Incidence of type 1 and type 2 diabetes amongst young

adult people aged 15–34 years in Sweden during 1983–1999.
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patients also when ICA were considered, underlines

the strength of our study.

Albeit the significant increase in BMI, the inci-

dence of diabetes did not increase during the years

in our study. In fact, the incidence of type 1

diabetes decreased. Recently, when DISS was

merged with the Swedish Childhood Diabetes

Study, we found that this decrease in incidence of

type 1 diabetes amongst young-adults correspon-

ded with an increase in the incidence amongst

children below 6 years of age [18]. In children, it is

difficult to separate the impact of linear growth

from increment in BMI. Although a high and rapid

linear growth is associated with the development of

type 1 diabetes in children [19, 20], obesity on its

own is also associated with a development of type 1

diabetes [21]. The lack of association between BMI

and the incidence of type 1 diabetes in our study

supports the idea that growth rather than BMI is

important for the development of type 1 diabetes.

In type 2 diabetes, the incidence was unchanged

and no increase was noted, despite the increase in

BMI. In this context, we have to consider that the

validity of the registration of type 2 diabetic

patients is less than in type 1 diabetic patients.

Nevertheless, as the ascertainment was constant

during the years for type 2 diabetic patients, it

seems unlikely that differences in ascertainment

explain the constant incidence of type 2 diabetes.

Although almost half of the subjects with type 2

diabetes in young adults may have been missed, it

is unlikely that active screening in obese groups or

differences of unknown cases amongst the adult

population contributed to the increase of BMI. In

addition, lean subjects with type 2 diabetes should

not be preferentially missed and thereby increasing

the prevalence of obesity. Lean subjects with

recent-onset diabetes will be suspected to have

type 1 diabetes and therefore referred to diabetes

clinics and reported to DISS. The proportion of

cases classified as type 1, type 2 and unclassifiable

diabetes, was stable during the study suggesting

that, despite the increase in BMI, no major shift in

the classification of diabetes had occurred. Indeed,

our observation of an increase in BMI without an

increase in incidence of type 2 diabetes fits well

with two recent reports from Scandinavia [22, 23].

Increased BMI in young-adult people may, how-

ever, not necessarily be associated with an increased

incidence of type 2 diabetes before 34 years of age.

Long-term increments of BMI in the young-adults

may affect the incidence of diabetes later as noted in

senior individuals [24]. It has been calculated that

each kilogram of weight gained annually over

10 years increases the risk for developing diabetes

with 49% in obese [25]. The frequency of obesity is

increasing in children [26]. This may increase the

incidence of diabetes in the future, emphasizing that

it is important to continue with the prospective

registration of incident diabetic patients in DISS. In

this context, it could be mentioned that other factors

like habitual snoring [27] might aggravate the risk

of BMI for developing type 2 diabetes. Similarly,

lifestyle factors such as tobacco and alcohol con-

sumption increase the risk for type 2 diabetes in

obese subjects [28]. Indeed, a sedentary lifestyle [29]

favoured by TV watching [30] may be more

important for the development of diabetes than

increments in BMI.

In conclusion, BMI increased in incident cases of

type 1 and type 2 diabetic patients in young-adult

people in Sweden during a period of 17 years. So far,

no increase in incidence of diabetes is noticed. The

DISS Registry will reveal whether the increasing

degree of obesity in children will lead to an increased

incidence of diabetes in young adults.
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19 Blom L, Persson LÅ, Dahlquist G. A high linear growth is

accociated with an increased risk of childhood diabetes. Dia-

betologia 1992; 35: 528–33.

20 EURODIAS Substudy 2 Study Group. Rapid early growth is

associated with increased risk of childhood type 1 diabetes

in various European populations. Diabetes Care 2002; 25:

1755–60.

21 Hyppönen E, Virtanen SM, Kenward MG, Knip M, Åkerblom
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