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ABSTRACT
Objectives: To determine the mean body mass index
(BMI, kg/m2) and prevalence of low weight (BMI<20)
and obesity (BMI≥30) in 3 population-based surveys,
and to describe the longitudinal changes during 1994–
2008 in mean BMI, and the prevalence of low weight
and obesity.
Setting: A population study in Tromsø, Norway.
Participants: A total of 29 688 different participants in
1 or more of 3 surveys (1994–1995, 2001–2002 and
2007–2008). Longitudinal analyses comprised 9845
participants aged 25–69 in 1994 who participated in the
1994–1995 and 2007–2008 surveys and 4202 men and
women who participated in all 3 surveys.
Outcome measures: Mean age-specific and sex-
specific BMI, prevalence of low weight and obesity, and
changes in BMI and prevalence of low weight and
obesity during 1994–2008, according to sex and birth
cohort.
Results: The age-adjusted (ages 30–84) prevalence of
obesity increased from 9.8% and 11.8% in men and
women, respectively, in 1994–1995 to 20.9% and
18.5%, respectively, in 2007–2008. The increase in
mean age-adjusted BMI was stronger from 1994–1995
to 2001–2002 than from 2001–2002 to 2007–2008.
Longitudinal results confirmed that the change in BMI
from 1994–1995 to 2001–2002 was larger (0.9 kg/m2

(95% CI 0.8 to 1.0) in men and 1.3 kg/m2 (95% CI 1.2
to 1.4) in women) than from 2001–2002 to 2007–2008
(0.2 kg/m2 (95% CI 0.1 to 0.3) in men and women).
The most recently born had the largest increase
(p<0.001).
Conclusions: The mean BMI and the prevalence of
obesity are still increasing in Tromsø, and the increase
is strongest in the youngest age groups. However, the
increase in BMI was less marked in the last period
(from 2001–2002 to 2007–2008) than in the first
period (1994–1995 to 2001–2002).

INTRODUCTION
Obesity and overweight are well-known risk
factors for numerous health problems such as
cardiovascular disease, cancer and diabetes.1

The prevalence continues to increase world-
wide,2 3 Norway being no exception.4–6 A
recent study from Norway found more than
20% of the adult population was obese.5

However, some studies from the Western world
suggest that the body mass index (BMI, kg/m2)
does not increase as rapidly as previously.7–9

Several cross-sectional studies suggest that in
men, mean BMI and the prevalence of obesity
increases with age in young and middle-aged
men, then levels off and is reduced in the
elderly.5 10–12 This relationship seems not to
hold in longitudinal analyses of men. The
highest increase takes place in the younger age
groups.10 11 13–18 Thus, cross-sectional studies
may give a misleading picture about the rela-
tionships between age and BMI.
Repeated cross-sectional studies in the

same population give information about
the changes in age-adjusted mean BMI and

Strengths and limitations of this study

▪ This is a longitudinal study of a large group of
individuals; 9845 participants who participated in
two screenings in 1994–1995 and 2007–2008,
and 4202 participants who also participated in a
third screening in 2001.

▪ Height and weight were measured, not self-
reported.

▪ Relatively high response rate (66–79% in the
three cross-sectional surveys) and no indications
that the body mass index (BMI) differed in partici-
pants who were, and were not, included in the
prospective analyses of changes from 1994 to
2008.

▪ Selective attrition may have taken place, particu-
larly in the older participants.

▪ BMI is not a perfect measure of the proportion
of body fat. This is of particular importance for
the longitudinal analyses. With advancing age,
maintenance of weight implies an increase in the
proportion of body fat. Furthermore, because of
age-related loss of height, the BMI will increase.

Jacobsen BK, et al. BMJ Open 2015;5:e007859. doi:10.1136/bmjopen-2015-007859 1

Open Access Research

http://dx.doi.org/10.1136/bmjopen-2015-007859
http://dx.doi.org/10.1136/bmjopen-2015-007859
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2015-007859&domain=pdf&date_stamp=2015-06-12
http://bmjopen.bmj.com


the prevalence of obesity. They also give gender-specific
and age-specific figures. However, longitudinal studies
may provide better opportunities for exploring in which
groups of the population the changes in BMI have taken
place and why the obesity epidemic may have come to a
halt in some populations.
We have previously reported an increase in BMI in all

included 5-year birth cohorts in the Tromsø municipality
during 1974–1994.10 We now present cross-sectional
results based on data from the screenings in 2001–2002
and 2007–2008 as well as the longitudinal changes in
BMI and prevalence of low weight (BMI<20 kg/m2) and
obesity (BMI≥30 kg/m2) from 1994 to 2008, including
9845 men and women aged 25–69 in 1994.

METHODS
The Tromsø Study consists of six surveys conducted in
Tromsø in Northern Norway from 1974 to 2008.19 The
present analyses are based on the fourth, fifth and sixth
Tromsø surveys. Tromsø 4 was conducted in 1994–1995,
Tromsø 5 in 2001–2002 and Tromsø 6 in 2007–2008.
Details concerning the three different surveys are given
elsewhere.19 20

The fourth Tromsø Survey (Tromsø 4) took place in
1994–1995, and the entire population of Tromsø born
before 1970, that is, aged 25 and above, 37 558 men
and women, was invited and 27 158 (72%) participated.
A subsample of this population including all participants
aged 55–74, and smaller samples aged 25–54 and 75–84
were invited to a more comprehensive examination
called the second visit.19 The fifth Tromsø Survey
(Tromsø 5) was conducted in 2001–2002. All partici-
pants from the second visit in Tromsø 4 in addition to
all those in the age groups of 30, 40, 45, 60 and 75 years
in Tromsø were invited. Out of the 10 353 invited men
and women, 8130 (79%) participated in Tromsø 5.
The sixth Tromsø Survey (Tromsø 6) was conducted in
2007–2008. The 12 984 participants (of 19 762 invited,
66%) were invited from four different groups: partici-
pants from the second visit in Tromsø 4, a 10% random
sample of the age group 30–39, everyone in the age
groups 40–42 and 60–87 and a 40% random sample of
people aged 43–49 years.20

The clinical examination in the surveys all included
measurement of height and weight with light clothing
and no footwear. Height was measured in a standing
position, to the nearest 1 cm in Tromsø 4 and nearest
0.1 cm in Tromsø 5 and 6. In Tromsø 4, weight was mea-
sured to the nearest 500 g; in Tromsø 5 and 6, to the
nearest 100 g. BMI was calculated as weight divided by
the square of height (kg/m2).
Information concerning current pregnancy was

obtained by questionnaires and interview. The present
cross-sectional analyses included men and non-pregnant
women with measurements of height and weight
without remark concerning the height and weight
measurement (eg, scoliosis, measured with shoes, etc).

A total of 26 083 men and women were included in the
cross-sectional analyses of BMI based on the Tromsø 4
survey conducted in 1994–1995. The corresponding
figures for Tromsø 5 (2001–2002) and Tromsø 6
(2007–2008) were 7885 and 12 868, respectively. A total
of 29 688 different participants in three surveys were
included in the analyses.
The longitudinal analyses of the changes in BMI

included participants aged 25–69 (born 1925–1969) in
Tromsø 4 with valid measurements in Tromsø 4
(1994–1995) and Tromsø 6 (2007–2008) surveys. Older
participants (aged 70 and above in 1994) were not
included because only 200 of 1210 older participants
(all 70–74 years old) who participated in Tromsø 4 also
participated in the survey 13 years later. A total of 9 845
participants (4 616 men and 5 229 women) were fol-
lowed for 13 years with regard to changes in BMI. Some
analyses were restricted to the subgroup of 4202 men
and women who also had participated in Tromsø 5
(2001–2002).
Four of 10 participants aged 25–69 in Tromsø 4 who

had their weight and height measured in Tromsø 4 also
took part in the survey 13 years later (Tromsø 6). This
percentage reflects both the proportion that was invited
who participated and whether they were invited or not
(eg, because they had died or moved out of Tromsø).
The mean BMI in Tromsø 4 of the 9 845 participants
who had a valid (eg, non-pregnant) BMI measurement
in Tromsø 4 and were followed from Tromsø 4 to 6
were compared with the BMI in the rest of the study
participants in Tromsø 4 with a valid measurement of
BMI in Tromsø 4. When adjusted for age, no significant
difference in BMI was found (p≥0.5 for men and
women). When stratified for 5-year groups, few differ-
ences in BMI were revealed between participants who
also participated in Tromsø 6 and those who did not.
In men aged 40–44 and 45–49 in Tromsø 4, a 0.34 kg/
m2 higher BMI was found in those who participated in
both surveys (p=0.05), and in women aged 55–59, a
0.64 kg/m2 lower BMI was found in those who partici-
pated in both surveys (p=0.05). Thus, our findings indi-
cate that the longitudinal cohort is representative with
regard to BMI at baseline of the participants who parti-
cipated in Tromsø 4.
In the cross-sectional analyses, BMI is presented

according to three customised categories, which were
defined as low weight (BMI<20 kg/m2), normal (BMI
20–29.9 kg/m2) or obesity (BMI≥30 kg/m2). WHO sug-
gests more specific categories,21 but as the prevalence of
underweight (BMI<18.5 kg/m2) was very low (see
table 1), BMI<20 kg/m2 was considered to indicate low
weight. Obesity is classified by WHO as obesity class 1
(BMI 30.0–34.9 kg/m2), obesity class 2 (BMI 35.0–
39.9 kg/m2) or obesity class 3 (BMI≥40.0 kg/m2). The
prevalence of obesity classes 2 and 3 were relatively low,
however, and the three obesity classes were merged and
obesity was considered present if BMI≥30.0 kg/m2.
A more detailed distribution of BMI is nonetheless
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provided in table 1. The results from the longitudinal
analyses are presented according to birth cohorts, while
the results from the cross-sectional analyses are pre-
sented according to age groups in each survey. Age is
given as age in years as on 31 Dec 1994 for Tromsø 4, as
on 31 Dec 2001 in Tromsø 5, and as on 31 Dec 2007 in
Tromsø 6, respectively.
All statistical analyses were performed using SAS

V.9.4.22 They included simple descriptive analyses, χ2

tests, independent sample t test and linear regression.
Age adjustment of mean BMI in the three surveys was
carried out by the direct method, with the population of
Tromsø 4 serving as the reference population. A p value
of <0.05 was considered statistically significant. The
Tromsø Study was approved by the Regional Committee
for Research Ethics.

RESULTS
Tables 2–4 give the results from the cross-sectional
studies in Tromsø 4, 5 and 6, respectively. We found
increased mean BMI and prevalence of obesity and
reduced prevalence of low weight during the time
period from Tromsø 4 to 6, with a more consistent and
larger increase in mean BMI and prevalence of obesity
from Tromsø 4 (1994–1995) to Tromsø 5 (2001–2002)
than from Tromsø 5 to 6 (2007–2008). Low weight was
found more often in women than in men, but particu-
larly in young women and old men. In men, the mean
BMI and the prevalence of obesity increases with age to
the mid-50s (in Tromsø 6 to the age group 60–64), and
thereafter is reduced. In women, a reduction in BMI
and the prevalence of obesity with age was seen only in
women aged 80 and above, if at all.

Table 1 Distribution of body mass index (BMI, kg/m2) and age-adjusted BMI and prevalence (%) of obesity (BMI ≥30 kg/m2)

in Tromsø 4 (1994–1995), Tromsø 5 (2001) and Tromsø 6 (2007–2008)—cross-sectional analyses

Men Women
BMI Tromsø 4 Tromsø 5 Tromsø 6 Tromsø 4 Tromsø 5 Tromsø 6

<18.50 0.6 0.4 0.3 2.2 1.6 1.0

18.50–19.99 1.9 1.4 0.7 6.2 3.2 3.0

20.00–24.99 43.6 31.3 27.4 52.0 38.2 35.5

25.00–29.99 44.5 49.6 51.2 28.5 37.3 38.3

30.00–32.49 6.2 11.0 11.8 5.9 9.0 9.9

32.50–34.99 2.0 3.7 5.5 3.0 5.8 5.0

≥35.00 1.2 2.5 3.1 2.2 4.8 5.3

Prevalence of obesity (BMI≥30) 9.4 17.3 20.4 11.1 19.7 20.2

Participants aged 30–84

Mean age (SD) 48.7 (12.9) 59.8 (14.0) 57.3 (12.1) 49.5 (13.8) 59.6 (13.8) 57.2 (12.6)

Mean BMI unadjusted 25.7 26.7 27.3 24.9 26.4 26.6

Mean BMI age adjusted* 25.7 26.7 27.3 24.9 25.7 26.1

Prevalence of obesity, unadjusted 9.8 17.2 20.5 11.8 19.7 20.2

Prevalence of obesity, age adjusted* 9.8 16.7 20.9 11.8 15.2 18.5

*Age adjustment based on the age-distribution in 11 018 men and 11 815 women aged 30–84 in Tromsø 4.

Table 2 Mean body mass index (BMI, kg/m2) (SD) and prevalence (%) of low weight (BMI<20 kg/m2) and obesity

(BMI≥30 kg/m2) in Tromsø 4 (1994–1995) according to age groups and gender

BMI
Men (N=12 564) Women (N=13 519)

Age N Mean (SD) Per cent <20 Per cent ≥30 n Mean (SD) Per cent <20 Per cent ≥30

25–29 1506 24.7 (3.2) 3.7 6.2 1629 23.4 (3.7) 14.0 5.8

30–34 1532 25.0 (3.2) 2.7 7.6 1667 23.4 (3.7) 13.1 5.6

35–39 1638 25.3 (3.1) 1.8 7.4 1731 23.7 (3.7) 9.8 6.1

40–44 1665 25.5 (3.2) 2.2 8.4 1693 24.1 (3.7) 8.1 7.6

45–49 1588 26.2 (3.4) 2.0 12.1 1639 24.9 (4.0) 5.9 10.6

50–54 1286 26.3 (3.2) 1.7 12.6 1240 25.5 (4.3) 5.8 14.4

55–59 908 26.3 (3.2) 1.1 11.3 921 26.0 (4.4) 4.2 15.9

60–64 773 26.2 (3.4) 2.2 10.6 760 26.0 (4.4) 5.3 15.9

65–69 657 25.7 (3.4) 2.9 11.0 811 26.5 (4.7) 5.4 20.1

70–74 553 25.8 (3.6) 5.2 10.5 657 26.7 (4.6) 5.0 21.8

75–79 295 25.5 (3.3) 5.8 8.8 463 26.4 (4.6) 6.9 21.6

80–84 123 24.8 (3.4) 6.5 8.1 233 26.2 (4.3) 4.3 19.7

85–97 40 24.3 (2.9) 10.0 0.0 75 25.9 (4.4) 6.7 14.7

Total 12 564 25.6 (3.3) 2.6 9.4 13 519 24.7 (4.2) 8.3 11.1
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A detailed BMI distribution and age-adjusted BMI and
prevalence of obesity in the three surveys is given in
table 1.
The prevalence of underweight (BMI<18.5 kg/m2) was

reduced by 50%, whereas the prevalence of obesity
(BMI≥30 kg/m2) and of obesity classes 2 and 3
(BMI≥35 kg/m2) doubled from Tromsø 4 to 6. The
age-adjusted (ages 30–84) prevalence of obesity increased
in men from 9.8% (Tromsø 4) to 16.7% (Tromsø 5) and
20.9% (Tromsø 6). The corresponding figures for
women were 11.8%, 15.2% and 18.5%, respectively.
A total of 9845 men and women aged 25–69 in 1994

had valid measurements of BMI in 1994–1995 and
2007–2008. Tables 5 and 6 give the longitudinal results
with regard to the proportion that were underweight,
obese and the mean BMI according to birth cohort
(5-year groups). For both men and women, the propor-
tion with low weight fell during the 13-year period, and
the proportion that was obese approximately doubled to
above 20%. Mean BMI increased in all birth cohorts,

and the most recently born had a larger increase in
BMI. There was a statistically highly significant relation-
ship between birth cohort and change in BMI
(p<0.001).
These changes in BMI were reflected in change in

body weight. Mean increase in body weight in men and
women included in the analyses was 4.0 and 4.2 kg,
respectively. Men and women born during 1965–1969
put on 7.6 kg (95% CI 7.0 to 8.2) during the 1994–2008
period, whereas men born during 1925–1929 had a
modest 0.5 kg (95% CI −0.3 to 1.4) increase in body
weight. Women born during 1925–1929 had a 0.2 kg
reduction in body weight (95% CI −0.5 to 0.9).
A total of 1729 men and 2473 women had also partici-

pated in Tromsø 5 (2001–2002) in addition to Tromsø 4
and 6. In men and women, the change in BMI from
Tromsø 4 to 5 was much larger (0.9 kg/m2 (95% CI 0.8
to 1.0) in men and 1.3 kg/m2 (95% CI 1.2 to 1.4) in
women) compared to that from Tromsø 5 to 6 (0.2 kg/m2

(95% CI 0.1 to 0.3) in both men and women) (results not

Table 3 Mean body mass index (BMI, kg/m2) (SD) and prevalence (%) of low weight (BMI<20 kg/m2) and obesity

(BMI≥30 kg/m2) and in Tromsø 5 (2001) according to age groups and gender

BMI
Men (N=3418) Women (N=4476)
Age n Mean (SD) Per cent <20 Per cent ≥30 n Mean (SD) Per cent <20 Per cent ≥30

30–34 232 26.3 (4.0) 0.4 16.8 311 24.6 (4.3) 7.7 10.9

35–39 45 25.4 (3.1) 2.2 6.7 73 25.5 (4.6) 5.5 13.7

40–44 303 26.7 (3.7) 1.0 15.8 373 25.0 (4.4) 5.6 10.5

45–49 292 26.9 (3.7) 0.7 18.5 362 25.1 (3.8) 3.6 9.4

50–54 143 28.0 (3.9) 0.0 23.8 92 25.5 (3.8) 3.3 13.0

55–59 219 27.7 (3.5) 1.8 22.4 621 27.1 (4.9) 4.0 22.4

60–64 649 27.4 (3.4) 0.8 20.8 815 26.7 (4.8) 3.9 21.8

65–69 578 26.7 (3.4) 1.6 16.6 624 26.9 (4.6) 5.1 20.8

70–74 484 26.3 (3.5) 3.5 13.8 587 27.0 (4.8) 4.9 24.4

75–79 366 25.9 (3.5) 5.0 12.8 467 27.2 (4.6) 5.1 26.6

80–89 107 25.8 (4.1) 6.5 16.8 142 27.0 (4.1) 4.2 25.4

Total 3418 26.7 (3.6) 1.8 17.3 4467 26.4 (4.6) 4.8 19.7

Table 4 Mean body mass index (BMI, kg/m2) (SD) and prevalence (%) of low weight (BMI<20 kg/m2) and obesity

(BMI≥30 kg/m2) and in Tromsø 6 (2007–2008) according to age groups and gender

BMI
Men (N=6017) Women (N=6851)
Age n Mean (SD) Per cent <20 Per cent ≥30 n Mean (SD) Per cent <20 Per cent ≥30

30–34 90 27.2 (4.0) 1.1 18.9 121 25.0 (4.3) 7.4 14.1

35–39 122 27.9 (4.0) 0.0 27.1 162 25.8 (4.8) 6.2 17.9

40–44 1072 27.1 (3.9) 1.0 20.4 1278 25.9 (4.7) 5.2 17.1

45–49 588 27.2 (3.7) 0.3 18.0 615 26.3 (4.9) 4.1 20.0

50–54 533 27.4 (3.9) 0.8 20.1 665 25.9 (4.4) 3.8 13.7

55–59 611 27.5 (3.7) 0.8 21.3 619 26.2 (4.4) 3.2 18.1

60–64 1162 27.7 (3.6) 0.6 23.4 1277 27.2 (4.8) 2.8 23.2

65–69 824 27.4 (3.7) 1.5 22.0 817 27.0 (4.6) 2.9 22.0

70–74 510 26.9 (3.5) 1.0 18.2 545 27.2 (4.7) 3.9 24.0

75–79 315 26.5 (3.5) 1.6 15.6 432 26.8 (4.5) 5.1 24.1

80–87 190 26.2 (3.6) 3.7 11.6 320 27.2 (4.4) 4.1 25.3

Total 6017 27.3 (3.7) 1.0 20.4 6851 26.6 (4.7) 4.0 20.2
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shown in the tables). The prevalence of obesity in men
increased from 10.2% in Tromsø 4 to 17.9% in Tromsø 5
and to 19.6% in Tromsø 6. The corresponding figures for
women were 12.4% in Tromsø 4, 20% in Tromsø 5 and
21.7% in Tromsø 6.
Figures 1 and 2 display the mean BMI according to

age and birth cohort in participants who had partici-
pated in all three surveys. Figure 1 gives the results for
men, and figure 2 the results for women. Men born
during 1925–1929, 1930–1939 and 1940–1949 had no
significant change (0.1 kg/m2 increase (95% CI:−0.2 to
0.3, 0 to 0.2 and 0 to 0.3, respectively) in BMI between
Tromsø 5 and 6 (figure 1). Similarly, women born
during 1930–1939 had no significant change (0.1 kg/m2

increase (95% CI −0.1 to 0.2)) and women born during
1925–1929 showed a statistically significant decrease

(0.3 kg/m2 (95% CI 0.1 to 0.6)) in BMI between the
two last surveys (figure 2). With these exceptions, the
mean BMI increased statistically significantly in all
10-year birth cohort groups both between Tromsø 4 and
5 and between Tromsø 5 and 6. This was the situation
for both men and women (figures 1 and 2).
Furthermore, for both men and women, there were a
highly significant statistical relationship between birth
cohort and change in BMI (p<0.001), both for the
changes between Tromsø 4 and 5 and between Tromsø 5
and 6. Thus, the larger change in BMI in the most
recently born was a consistent finding.

DISCUSSION
In this population-based longitudinal study, we found in
gender-specific analyses that BMI increased from

Table 5 Mean body mass index (BMI kg/m2) and prevalence (%) of low weight (BMI<20 kg/m2) and obesity (BMI≥30 kg/m2)

as well as mean change in BMI (95% CI) according to 5-year birth cohorts in 4 616 men who participated in Tromsø 4 (1994–

1995) and Tromsø 6 (2007–2008)

Birth
cohort

BMI
Tromsø 4 Tromsø 6

Change
(95% CI)n

Mean
(SD)

Per cent
<20

Per cent
≥30

Mean
(SD)

Per cent
<20

Per cent
≥30

1965–1969 494 24.8 (3.3) 4.1 6.5 27.1 (3.9) 0.6 19.4 2.3 (2.1 to 2.5)

1960–1964 342 24.9 (3.2) 3.2 5.9 27.2 (3.7) 0.3 19.6 2.3 (2.1 to 2.6)

1955–1959 439 25.2 (2.8) 0.9 7.3 27.2 (3.6) 0.2 17.5 1.9 (1.8 to 2.1)

1950–1954 468 25.7 (3.1) 0.9 9.8 27.6 (3.7) 0.9 22.4 1.8 (1.6 to 2.0)

1945–1949 863 26.3 (3.2) 1.2 12.1 27.7 (3.7) 0.7 23.3 1.4 (1.3 to 1.6)

1940–1944 878 26.2 (3.1) 1.3 12.1 27.4 (3.7) 1.1 22.6 1.2 (1.1 to 1.3)

1935–1939 554 26.2 (2.9) 0.4 10.8 27.1 (3.5) 0.7 17.7 0.9 (0.7 to 1.1)

1930–1934 383 26.0 (2.9) 0.8 8.9 26.7 (3.5) 1.6 18.3 0.7 (0.5 to 0.9)

1925–1929 195 25.6 (2.9) 1.0 9.2 26.4 (3.6) 1.5 14.9 0.7 (0.4 to 1.0)

Total 4616 25.8 (3.1) 1.5 9.8 27.3 (3.7) 0.8 20.4 1.5 (1.4 to 1.6)

P value* <0.001 <0.001 0.001 0.08 0.03 0.6 <0.001

*P value for linear trend over the birth cohorts.

Table 6 Mean body mass index (BMI kg/m2), prevalence (%) of low weight (BMI<20 kg/m2) and obesity (BMI≥30 kg/m2) as

well as mean change in BMI (95% CI) according to 5-year birth cohorts in 5 229 women who participated in Tromsø 4

(1994–1995) and Tromsø 6 (2007–2008)

BMI
Tromsø 4 Tromsø 6

Birth
cohort n

Mean
(SD)

Per cent
<20

Per cent
≥30

Mean
(SD)

Per cent
<20

Per cent
≥30

Change
(95% CI)

1965–1969 597 23.2 (3.5) 13.1 5.4 25.9 (4.5) 5.4 17.1 2.7 (2.5 to 2.9)

1960–1964 434 23.4 (3.6) 12.4 5.3 25.7 (4.6) 5.8 16.1 2.3 (2.0 to 2.5)

1955–1959 480 23.8 (3.7) 8.8 5.8 26.0 (4.4) 2.7 16.3 2.2 (2.0 to 2.4)

1950–1954 521 24.2 (3.9) 8.3 8.5 26.3 (4.6) 4.2 17.9 2.0 (1.8 to 2.2)

1945–1949 936 25.0 (3.9) 4.7 10.7 26.9 (4.4) 3.1 21.4 1.9 (1.7 to 2.1)

1940–1944 901 25.4 (4.2) 5.2 13.3 27.2 (4.9) 2.9 22.6 1.8 (1.6 to 2.0)

1935–1939 607 25.8 (4.1) 3.8 14.2 27.0 (4.6) 4.0 23.4 1.2 (1.0 to 1.4)

1930–1934 438 25.9 (3.7) 3.0 13.0 26.9 (4.4) 4.3 22.6 1.0 (0.8 to 1.2)

1925–1929 315 26.4 (9.9) 3.8 18.7 27.1 (4.5) 4.8 26.4 0.7 (0.4 to 0.9)

Total 5229 24.8 (4.0) 6.8 10.5 26.6 (4.6) 3.9 20.5 1.8 (1.7 to 1.9)

P value* <0.001 <0.001 <0.001 <0.001 0.2 <0.001 <0.001

*P value for linear trend over the birth cohorts.
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1994–1995 to 2007–2008 in all included birth cohorts
(participants born 1925–1969). The increase was largest
in the younger birth cohorts, and the prevalence of
obesity (BMI≥30 kg/m2) doubled from the Tromsø 4
survey in 1994–1995 to Tromsø 6 in 2007–2008.
Furthermore, the largest increase in BMI took place in
the first part of this 13-year period.
BMI has increased across all age groups in both genders

in the population under study, suggesting a continuation
of the development in BMI in the Tromsø Study popula-
tion.10 As is evident from tables 1–4, an increase in BMI
took place from the Tromsø 4 survey in 1994–1995 to the
Tromsø 6 survey 13 years later in all age groups and both
genders. The prevalence of obesity (BMI≥30 kg/m2) and
obesity classes 2 and 3 (BMI≥35 kg/m2) in Tromsø 6
seems, however, to be somewhat lower than in the HUNT
3 study which was conducted in the same period
(2006–2008). 5

Both the cross-sectional (table 1) and longitudinal
findings (figures 1 and 2) present evidence that the
major increase in BMI and the prevalence of obesity
took place in the first period, from Tromsø 4 to 5. These
results are in accordance with some international
trends.7–9 In the large HUNT Study, also in Norway, the
prevalence of obesity increased as much between HUNT
1 (1984–1986) and HUNT 2 (1995–1997) as between
HUNT 2 and HUNT 3 (2006–2008). 5

The results from the present cross-sectional analyses
indicate that BMI peaks in men at around 55–60 years of
age before declining. The pattern is consistent in all
three surveys. The longitudinal analyses (tables 5 and 6)
show that the reason for this is a cohort effect; the mean
BMI and prevalence of obesity increases from Tromsø 4
to 6 in all 5-year birth cohorts, but the increase is larger
in men in the younger birth cohorts. In men and women,
and for the changes between Tromsø 4 and 5 and Tromsø

Figure 1 Mean body mass

index (kg/m2) according to age

and birth cohort in 1729 men who

participated in Tromsø 4 (1994–

1995), Tromsø 5 (2001–2002)

and Tromsø 6 (2007–2008).

Figure 2 Mean body mass

index (kg/m2) according to age

and birth cohort in 2473 women

who participated in Tromsø 4

(1994–1995), Tromsø 5 (2001–

2002) and Tromsø 6 (2007–

2008).
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5 and 6, we noted a statistically highly significant relation-
ship between birth cohort and change in BMI (p<0.001).
Thus, our findings extend the results from the longitu-
dinal analyses of changes in BMI in the Tromsø Study par-
ticipants during 1974 (1979 in women) to 1994–1995.10

They also confirm results from other studies in
Norway5 13 14 and other countries,11 15–18 that the largest
weight gain takes place in the younger age groups.
The present study has several strengths. Height and

weight were measured using standardised procedures,
not self-reported. Self-reported weight and height are
likely to be underestimated and overestimated, respect-
ively.23 24 Furthermore, although the rate of participa-
tion has decreased somewhat (from 72% in the
1994–1995 survey to 66% in the survey conducted in
2007–2008), the survey still enjoys a high response rate
compared to similar studies in Norway conducted in the
same period.25 26

We also acknowledge some limitations. A significant
proportion of the invited population did not participate
in the surveys. In all three surveys (Tromsø 4, 5 and 6),
those who did not participate tended to be men and
(except for women in Tromsø 6) to have lower mean age
than participants. A study of selection bias among partici-
pants in the Tromsø 2 survey found that those who did
not participate were over-represented among young,
unmarried men 27 and participants who did not partici-
pate in the Tromsø Study surveys tend to have increased
mortality.19 Results from very similar surveys conducted
in Norway indicate that those who did not participate had
higher level of some chronic health problems, higher
mortality and prevalence of disability pension and lower
socioeconomic status than participants did.26 28

Selective attrition may introduce bias in the longitu-
dinal analysis. There were, however, few indications of
different mean BMI in participants who were followed
for 13 years from Tromsø 4 to 6 than in participants who
were not included in the Tromsø 6 survey (because they,
although living in Tromsø, were not eligible for invita-
tion, chose not to participate if invited, had moved out
of Tromsø or died). Analysis of BMI among the elderly
is particularly prone to survival bias, 29 as participants
with high BMI may have died or were too ill to partici-
pate. Several studies, including the Tromsø Study,30 have
shown that the relationship between BMI and mortality
is not strong in elderly people. However, selective sur-
vival according to BMI cannot be excluded, and we par-
ticularly assume that the reduction of BMI from Tromsø
5 to 6 in women born 1925–1929 (ie, aged 78–82 in
Tromsø 6) partly can be attributed to selection.
BMI has some inherent weaknesses as a measure of

body composition and obesity. Athletes with relatively
high muscle mass may have high BMI. The inclusion of
elderly people in our analyses introduces another two
sources of error. A slight decline in BMI is not synonym-
ous with a reduction in adipose tissue as there are
age-related changes in body composition. With advan-
cing age, the percentage of fat increases relative to that

of lean mass, that is, maintenance of weight and BMI
would imply an increase of fat mass.29 31 On the other
hand, particularly women experience a height reduction
with advancing age, 32 and an increase in BMI in the
longitudinal analyses may be caused by reduced height.
The average height for women in the longitudinal
cohort aged 65–69 in Tromsø 4 fell from 161.0 cm in
1994–1995 to 158.7 cm 13 years later, resulting in a not
negligible 0.8 kg/m2 increase in BMI given the mean
body weight of this age group in 1994–1995 (68.4 kg).
Thus, the lower increase in BMI with age in the longitu-
dinal analyses cannot be explained by the age-related
decrease in height.
Some of the cross-sectional results have been pub-

lished previously. Data from Tromsø 4 (table 2) were
included in an analyses of longitudinal changes from
1974 (Tromsø 1) to 1994 (Tromsø 4). 10 They are
included here to form a background for the longitu-
dinal analyses. Table 2 differs slightly from that in the
previous publication because of an update of the
Tromsø Study database. Cross-sectional information con-
cerning the mean BMI in some selected age groups in
Tromsø 5 (2001–2002) has been included in some previ-
ous papers,4 33 and concerning Tromsø 6 in the descrip-
tion of the sixth Tromsø survey.20 However, detailed
cross-sectional results from Tromsø 5 and 6, including
the mean BMI and prevalence of low weight and obesity,
have not been presented previously. The same is true for
the age-adjusted comparisons of the three surveys
(table 1) and all the longitudinal results (tables 5 and 6
and both the figures).
In conclusion, we have found that BMI increased stat-

istically significantly in all considered birth cohorts
(born between 1925 and 1969) between 1994–1995
(Tromsø 4) and 2007–2008 (Tromsø 6); the prevalence
of obesity has doubled. The increase in the youngest age
cohorts for both genders is a cause for great concern.
However, the increase in mean BMI was markedly less
striking during the 6 years between Tromsø 5 and 6 than
during the 7 years between Tromsø 4 and 5. Thus, the
BMI and prevalence of obesity may not increase as
rapidly now as in the previous two decades.7–9
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