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Abstract
Background
Several studies have analyzed the association of body mass index (BMI) with either the
prevalence or incidence of type 2 diabetes (T2D), but no study from Europe or North
America has yet analyzed and compared the association of BMI with both incident and
prevalent T2D cases.

Methods
Stratified logistic regression was used to calculate odds ratios (OR), and stratified Cox
proportional hazards regression was used to calculate hazard ratios (HR) of the effect of BMI
on the prevalence, and incidence of T2D. Wald chi-square statistics were applied when
comparing the risk estimates.

Results
Among prevalent T2D cases, overweight women (BMI 25–29.9 kg/m2) had an OR of 2.83
(95% confidence interval [CI], 1.92-4.18) and obese women (BMI ≥30 kg/m2) had an OR of
12.12 (95% CI, 8.32-17.68) when compared with normal weight women (BMI <25 kg/m2).
Among incident T2D cases, overweight women had a HR of 5.01 (95% CI, 3.59-6.98) and
obese women had a HR of 15.99 (95% CI, 11.39-22.46) when compared with normal weight
women. After stratification by level of physical activity, and adjustment for age, smoking
status, and education level, the Wald chi-square statistic for BMI was 180.90 for prevalent
T2D cases, and 262.03 for incident T2D cases.

Conclusion
The predictive effect of BMI was found to be stronger for T2D incidence than T2D
prevalence.
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Background
Type 2 diabetes (T2D) is a chronic disorder of carbohydrate, fat, and protein metabolism.
Approximately 60 million people in Europe have diabetes [1], and 90% of the diabetes
patients worldwide have T2D [2]. T2D is largely the result of excess body weight and
physical inactivity [2]. There is ample evidence that obesity is a major risk factor for T2D, as
obesity is associated with the rise of insulin resistance in the body, resulting in the
development of T2D [3-6]. The prevalence of diabetes has been increasing in Norway [7,8].
The Nord-Trøndelag Diabetes Study showed a diabetes prevalence of 0.6% and 2.0% for
women aged 40–49 and 50–59 years, respectively, in 1984–1986 [7], and the Nord-Trøndelag
Health Survey (HUNT) showed a prevalence of 0.9% and 2.1%, respectively, in 1995–1997
[9]. The joint relationship of body mass index (BMI) and physical activity with diabetes
remains unclear [10-12]. Some research indicates that physical activity is associated with
T2D independent of obesity [13], but most studies indicate that the relationship between
physical activity and T2D weakens when BMI is taken into consideration [12,14-16].
The Tehran Lipid and Glucose Study (TLGS) included fasting plasma glucose screening and
2-hour post challenge plasma glucose screening to identify T2D cases in 1999–2001, 2002–
2005, and 2005–2008, and found higher odds ratios (OR) for BMI among incident than
prevalent T2D cases [17]. However no study from Europe or North America was found
where the association of BMI with both incident and prevalent T2D cases was analyzed.
Therefore, using data from the Norwegian Women and Cancer (NOWAC) Study, we
performed a cross-sectional analysis of data collected in 1998, and a prospective cohort
analysis of data collected between 1998 and 2005, and compared the OR estimates of BMI in
relation to T2D prevalence and incidence.

Methods
Study population
The NOWAC Study is a prospective nationwide study which started in 1991 [18], and
contains data from 170,000 women. Participants were randomly selected from the National
Population Register of Norway. The external validity of the study has been published
elsewhere [19]. NOWAC Study participants are assumed to be representative of the female
Norwegian population in the corresponding age groups. The detailed sample characteristics
of the NOWAC Study are described elsewhere [19], and updated information on the
NOWAC Study is accessible on the website [18].
Out of the 170,000 women enrolled in the NOWAC Study, 33,919 completed the
questionnaires sent in 1998 and 2005 (age: 47.7 years ±4.3, BMI: 24.4 kg/m2 ± 3.8,
education level: 12.5 years ±3.2). After exclusion of 2617 participants with missing values,
the study sample consisted of 31,302.

Questionnaire and classification
As T2D typically affects people over 40 years of age [20], in the present analysis prevalent
T2D cases were defined as participants who reported a diabetes diagnosis in the 1998
questionnaire, and were 40 years of age or over at the time of diagnosis. If the participants
gave birth to a child the same year, or the year preceding diabetes diagnosis, it was assumed
that they had gestational diabetes. Only one woman fulfilled the criteria for T2D and
gestational diabetes, and was considered to have gestational diabetes only.
Incident T2D cases were defined as participants who reported a T2D diagnosis between 1998
and 2005, and were 40 years of age or over at the time of diagnosis (Table 1). For women
without a diabetes diagnosis, person-years were calculated from the time of the 1998
questionnaire until 2005, when the last questionnaire was completed. For incident T2D cases,
person-years were calculated from the time of the 1998 questionnaire until year of diabetes
diagnosis.
Table 1 General characteristics of the study sample (n = 33,919)
Baseline cohort N = 33,919
N (%)
Mean (SD)
47.7 (4.3)
9926 (29.3)
11382 (33.6)
10849 (32.0)
1762 (5.2)
24.4 (3.8)
21553 (64.6)
9106 (27.3)
2709 (8.1)
12.5 (3.2)
6736 (20.1)
12102 (36.1)
10226 (30.5)
4460 (13.3)
5.6 (1.7)
3686 (11.5)
24229 (75.5)
4186 (13.0)

Incident T2D cases
N (%)
Mean (SD)
48.9 (4.3)
70 (21.4)
98 (30.0)
137 (41.9)
22 (6.7)
29.7 (5.4)
55 (17.6)
126 (40.3)
132 (42.2)
11.7 (3.1)
91 (27.9)
125 (38.3)
88 (27.0)
22 (6.7)
4.7 (1.8)
76 (25.5)
200 (67.1)
22 (7.4)

Prevalent T2D cases
N (%)
Mean (SD)
50.3 (3.9)
25 (12.3)
43 (21.1)
107 (52.5)
29 (14.2)
29.8 (6.3)
47 (23.4)
64 (31.8)
90 (44.8)
11.4 (2.9)
63 (31.2)
83 41.1)
36 (17.8)
20 (9.9)
4.9 (1.9)
41 (21.4)
133 (69.3)
18 (9.4)

Age (years)
40-44
45-49
50-54
55-59
BMI*‡§
Normal weight (<25 kg/m2)
Overweight (25–29.9 kg/m2)
Obese (≥30 kg/m2)
Education level (duration in years)*‡§
Primary/Intermediate (0–9)
Secondary (10-12)
University (13-16)
Postgraduate and above (17+)
Physical activity level*‡§
Low
Medium
High
Smoking status
Never smoker
13763 (40.6)
124 (37.9)
71 (34.8)
Former smoker
10582 (31.2)
106 (32.4)
70 (34.3)
Current smoker
9574 (28.2)
97 (29.7)
63 (30.9)
53.1 (4.5)
46.3 (4.2)
Age at diagnosis (years)
40-44
10 (3.1)
75 (36.8)
45-49
69 (21.1)
70 (34.3)
50-54
107 (32.7)
59 (28.9)
55-59
117 (35.8)
0 (0.0)
60-64
24 (7.3)
0 (0.0)
*Cohort size was 33,919, but because of missing values, the numbers for some variables do not add up to 33,919.
‡The total number of incident cases of T2D was 327, but because of missing values, the numbers for some variables do not add
up to 327.
§The total number of prevalent cases of T2D was 204, but because of missing values, the numbers for some variables do not
add up to 204.

Self-reported information on height and weight was used to calculate BMI (in kg/m2). BMI
was categorized into three groups: normal weight (BMI <25 kg/m2), overweight (BMI 25–

29.9 kg/m2) and obese (BMI ≥30 kg/m2). Both continuous and categorical BMI variables
were used in the analyses.
Smoking status was derived from the replies to two questions in the 1998 questionnaire:
‘Have you ever smoked?’ (yes, no), and ‘Do you smoke on a daily basis at the moment?’
(yes, no). Women who answered ‘no’ to the former were categorized as ‘never smokers’.
Those who answered ‘yes’ to the former, and ‘no’ to the latter, were categorized as ‘former
smokers’, and those who answered ‘yes’ to both questions were categorized as ‘current
smokers’.
A 10-category scale measured the level of self-reported physical activity in the 1998
questionnaire, the validity of which has been reported [21]. Responses to questions about
physical activity were used to assign a category of physical activity: low [1-3], medium [4-7],
and high [8-10]. Participants also reported education level (duration in years), and age
(years).

Statistical analysis
All analyses were conducted using SPSS version 18. Means (standard deviation, SD) were
calculated for all continuous variables, and the percentage of participants in each category
was determined for all categorical variables. General characteristics of the data are presented
as means with SDs and frequencies, respectively (Table 1).
To estimate the predictive effect of BMI on the incidence and prevalence of T2D, stratified
logistic and stratified Cox proportional hazards regression were used. To assess the linear
trend, the continuous variables (BMI, education level, and physical activity) were used. To
assess the predictive effect of BMI, the normal weight level was used as a reference in
stratified logistic regression and stratified Cox proportional hazards regression analyses. A p
value of <0.05 was considered statistically significant. More than 5% change in beta
coefficients was used as the cutoff to identify possible confounders, and by this method
education level, physical activity, and smoking status were identified as confounders of the
association between BMI and T2D. All independent variables were tested for pairwise
interaction with BMI with logistic and Cox proportional hazards regression models. A p
value of <0.05 was considered significant for identifying possible interactions. The
relationship between BMI and T2D was not found to be linear in our analysis (results not
shown), and so the categorical variable of BMI was used in the final models instead. In the
final model, the estimates of the effects of BMI are presented with 95% confidence intervals
(CI). ORs and hazard ratios (HR) are reported. An OR can be interpreted as a relative risk
(RR) when the disease prevalence is low [22]. Wald chi-square statistics were reported to
present the overall predictive effect of BMI on the development of T2D, stratified by physical
activity for comparison between T2D prevalence and incidence. Both adjusted and
unadjusted estimates are presented.

Ethical approval
The NOWAC Study was approved by the Regional Committee for Medical and Health
Research Ethics (REK). All women gave written informed consent.

Results
T2D prevalence was assessed in 33,919 women, of whom 204 were classified as prevalent
T2D cases. T2D incidence was assessed in 33,714 women over 7 years of follow-up, and 327
were classified as incident T2D cases. The characteristics of the study sample, i.e., the
baseline cohort, and prevalent and incident T2D cases, are shown in Table 1. Compared with
the baseline cohort, prevalent and incident T2D cases had higher BMI, lower education level,
and lower level of physical activity. The mean BMI of the baseline cohort was 24.4 kg/m2. A
higher proportion of incident T2D cases were overweight and obese (combined), compared to
prevalent T2D cases. The mean BMI of prevalent T2D cases was slightly higher than that of
incident T2D cases (29.8 vs 29.7 kg/m2). The majority of women in the baseline cohort had a
normal weight level, while the majority of incident and prevalent T2D cases were obese.
Compared with prevalent T2D cases, incident T2D cases were on average younger, had a
slightly lower BMI, a slightly higher education level, and a slightly lower level of physical
activity (Table 1).
An interaction between BMI and physical activity was observed in T2D. Figures 1 and 2
show that the effect of BMI on the incidence and prevalence of T2D changes according to the
level of physical activity, and the models were therefore stratified by physical activity
(Figures 1 and 2). Physical activity was identified as the effect modifier, and the three
categories of physical activity were employed as strata variables in the stratified logistic and
stratified Cox proportional hazards regression analysis.
Figure 1 Proportion of T2D incidence by BMI and level of physical activity.
Figure 2 Proportion of T2D prevalence by BMI and level of physical activity.
The independent effect of BMI on T2D in both unadjusted and multivariate-adjusted models
is presented in Table 2. Each group had a statistically significantly increased risk of prevalent
and incident T2D when compared with normal weight women: overweight women had an
OR of 2.83 (95% CI, 1.92-4.18), and obese women had an OR of 12.12 (95% CI, 8.32-17.68)
for prevalent T2D. Compared with normal weight women, overweight women had a HR of
5.01 (95% CI, 3.59-6.98), and obese women had a HR of 15.99 (95% CI, 11.39-22.46) for
developing incident T2D. After adjustment for age, smoking status, and education level, the
Wald chi-square statistics for prevalence and incidence were 180.90 and 262.03, respectively,
showing that BMI has a stronger predictive effect on T2D incidence than prevalence.
Table 2 Estimates of BMI stratified by level of physical activity for prevalent and
incident T2D cases
OR (95% CI) and Wald χ2
Prevalence
Prevalence
(unadjusted)
(adjusted)*
1.00 (ref.)
1.00 (ref.)

Normal
weight
Overweight
3.24 (2.20-4.76)
2.83 (1.92-4.18)
Obese
14.20 (9.80-20.59)
12.12 (8.32-17.68)
Wald χ2
207.50
180.90
p for trend
p < 0.001
P < 0.001
*Adjusted for age, education level and smoking status.

HR (95% CI) and Wald χ2
Incidence
Incidence
(unadjusted)
(adjusted)*
1.00 (ref.)
1.00 (ref.)
5.09 (3.66-7.07)
16.46 (11.79-22.97)
276.64
p < 0.001

5.01 (3.59-6.98)
15.99 (11.39-22.46)
262.03
p < 0.001

Discussion
In this study, we estimated the cross-sectional and prospective relationship between BMI and
T2D in a nationally-representative sample of middle-aged women in Norway. We observed
that BMI is a stronger predictor of incident T2D (reported between 1998 and 2005), than
prevalent T2D (reported in the 1998 questionnaire). Overall, BMI had a stronger predictive
effect on T2D incidence than T2D prevalence.
The risk of T2D prevalence was weaker than that for incidence, probably because the
prevalent cases may have reduced their weight by exercise, physical activity, or diet after
diagnosis.
Previous validation studies of self-reported height and weight show that participants tend to
overestimate their height [23], while they tend to underestimate their weight [23-25]. This
can affect the strength of the association between BMI and T2D, but not the trend. The large
sample size and a relatively long follow-up time are important strengths of our study.
Several studies have adjusted for age [14,26-34], smoking status [14,27-31,34], and education
level [31,35] in their models while using BMI to predict the risk of T2D. We identified the
same confounders, and included them in our final models. The World Health Organization
estimates that a BMI of >25 kg/m2 may account for 65%-80% of new diabetes cases [36],
which is in accordance with our study. Previous research has shown that physical inactivity
plays a major role in the etiology of both T2D and obesity. BMI was negatively correlated
with physical activity in our study population (data not shown), in accordance with previous
studies [34,37,38]. Possible explanations for the role of physical activity as an effect modifier
in this research may be that physical activity increases sensitivity to insulin [39], and can
result in weight loss [40].
Previous evidence from large cohort studies suggests that the relationship between BMI and
diabetes may not be linear, and the same was observed in our study. In comparison with
previous studies, despite differences in the groups of confounders in the model [14,26,31-34],
study designs [17,31,33], and methodology [32,34], a similar pattern of association between
BMI and T2D was observed. The results from the NHANES III [26] study showed that
among women aged less than 55 years, the risk of T2D was relatively less for women with
BMI 30.0-34.9 kg/m2 than for women with BMI 25.0-29 kg/m2. This is in contrast to our
study, although we only used one category [BMI ≥30 kg/m2). However, for women aged 55
years or older, the NHANES III study showed an increased risk of T2D with increasing BMI.
In general the association between BMI and T2D prevalence in our study is much higher than
in other studies [26,31].
The HUNT Study [27] from Norway reported estimates of the effect of BMI on T2D
incidence during 11 years of follow-up. T2D cases were established by clinical history and
presence or absence of the anti-GAD antibody. T2D incidence was assessed from 1984–1986
to 1995–1997, as compared to 1998–2005 in our study. Still, the estimates were very similar,
showing that despite the use of clinical history and presence or absence of the anti-GAD
antibody to determine T2D incidence, our study yielded similar risk estimates. NordTrøndelag County, where the HUNT Study was carried out, is considered representative of
the general population of Norway [7], whereas our study population represents middle-aged
women in Norway. Nevertheless, there are some similarities between the results of the

HUNT study and our study. The mean BMI of prevalent T2D cases in our study was similar
to the HUNT study during 1995–1997 [9]. The cohort size was similar, as was the proportion
of participants with BMI ≥30 kg/m2 at baseline. Also the proportion of diabetic participants
with a BMI of ≥30 kg/m2 in 1995–1997 was similar to that in our study.
Another study [31] from the US, using self-reported information on diabetes diagnosis,
weight, and height with telephonic interviews analyzed the OR of BMI for prevalent diabetes.
No distinction was made between different types of diabetes, or between men and women.
Compared with normal BMI, the OR for BMI 25–29.9 kg/m2, BMI 30–39.9 kg/m2, and BMI
.40 kg/m2 were 1.59 (95% CI: 1.46-1.73), 3.44 (95% CI: 3.17-3.74), 7.37 (95% CI: 6.398.50) respectively. The model was adjusted for age, education, smoking, sex, and race or
ethnicity. Regardless of the use of different cut off points in defining BMI levels, the OR’s
are considerably lower as compared to our study.
A study from Finland [32] analyzed the BMI estimates for incident diabetes. The random
sample of 35–64 year old men and women with no anti-diabetic drug treatment at baseline
were followed for 10 years. The BMI was calculated using the height and weight
measurements in a clinical examination. The diabetes diagnosis was established as the
development of drug-treated diabetes using the information from the nationwide Social
Insurance Institution drug register, and the FPG/FWBG/PG/WBG levels in the clinical
examination. The interaction between the independent variables were not considered and sex
was not included in the final model. The OR’s of BMI 25–30 kg/m2 for diabetes was not
significant, while the OR’s for BMI >30 kg/m2 was 2.55 (95%CI: 1.10-5.92). The model was
adjusted for age, waist circumference, use of blood pressure medication, history of high blood
glucose, physical activity, and consumption of vegetables and fruits. In comparison, the
results from our study show much stronger association of BMI levels with the prediction of
type 2 diabetes in the incidence of diabetes.
Women’s Health Study (WHS) [14] from U.S assessed the predictive effect of BMI on the
incidence of diabetes during 6.9 (mean) years of follow up. BMI was calculated from selfreported information on height and weight at the baseline. The type 2 diabetes diagnosis was
established by annual self-reports by the respondents, and its validity was established. The
mean BMI was 25.9 kg/m2 in 37878 women. Compared with BMI <25 kg/m2, the OR’s for
BMI 25- < 30 kg/m2, and BMI ≥30 kg/m2 were 3.22 (95% CI: 2.69-3.87), and 9.06 (95% CI:
7.60-10.8) respectively. The model was adjusted for age, family history of diabetes, alcohol
use, smoking status, hormone therapy use, hypertension, high cholesterol, dietary factors,
randomized Women’s Health Study treatment groups, and physical activity. The relative risks
of developing type 2 diabetes are in line with our research.
The Nurses’ Health Study [34] from U.S reported the estimates of BMI on the incidence of
type 2 diabetes among female nurses aged 30–55 years. The follow up time was 16 years.
The diagnosis of type 2 diabetes was established by sending follow up questionnaires
biennially, and its validity was established in a subsample. Compared to BMI <23.0 kg/m2,
the RR’s of BMI 23.0–24.9 kg/m2, BMI 25.0–29.9 kg/m2, BMI 30.0–34.9 kg/m2, and BMI
≥35.0 kg/m2 were 2.67 (95% CI: 2.13–3.34), 7.59 (95% CI: 6.27–9.19), 20.1 (95% CI: 16.6–
24.4), and 38.8 (95% CI: 31.9–47.2) respectively. The model was adjusted for age, time,
family history of diabetes, menopausal status, postmenopausal hormone therapy, dietary

score, exercise, smoking, and alcohol consumption. The mean BMI was not reported, but the
relative risks were substantially larger than our study.
The Framingham Offspring study from the US analyzed BMI estimates to predict the
incidence of diabetes over 7 years of follow-up [33]. Despite having a higher mean BMI, and
a similar follow-up time, the estimates were much weaker compared to our study. In
comparison with most of the other studies [14,32,33], our study shows a much stronger
association of BMI with the prediction of incident T2D. Only one study [17] was found
where the estimates of BMI were reported for both the prevalence and incidence prediction.
The TLGS showed higher ORs of BMI for incident diabetes mellitus than prevalent diabetes
mellitus. Unlike our study, the data collected in the TLGS for the analysis of BMI and
diabetes was not self-reported. Nonetheless, our study confirms that the same pattern of
difference between prevalent and incident T2D can successfully be established using selfreported information. Our results further confirm the widely accepted hypothesis that BMI is
a strong predictor of incident T2D, and that the relationship with physical activity cannot be
ignored.
In conclusion, our study shows that maintaining a normal weight level is beneficial in
preventing T2D. Our findings show a stronger predictive effect of BMI on T2D incidence
than T2D prevalence. Overall the findings suggest that the majority of T2D cases can be
prevented with weight loss.

Abbreviations
BMI, Body mass index; T2D, Type 2 diabetes; OR, Odds ratio; HR, Hazard ratio; CI,
Confidence interval; RR, Relative risk

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MAS performed statistical analyses, data interpretation and drafted the manuscript. TB
designed and supervised the study. EL and TB critically reviewed the manuscript. All authors
read and approved the final manuscript.

References
1. WHO: Diabetes epidemic in Europe. [http://www.euro.who.int/en/what-we-do/healthtopics/noncommunicable-diseases/diabetes/news/news/2011/11/diabetes-epidemic-ineurope].
2. WHO: [http://www.who.int/mediacentre/factsheets/fs312/en/index.html].
3. WHO: [http://www.who.int/mediacentre/factsheets/fs311/en/index.html].

4. Delivering for Diabetes in Europe. In Plenary Meeting of the European Parliament’s
EU, Diabetes Working Group, held under the auspices of the Belgian Presidency of the EU;
2010 8th December 2010. Edited by Jakab Z. Brussels, Belgium: World Health Organization;
2010.
5. Sorisky A: A new predictor for type 2 diabetes? CMAJ 2008, 178(3):313–315. doi:
10.1503/cmaj.071679.
6. Carey VJ, Walters EE, Colditz GA, Solomon CG, Willet WC, Rosner BA, Speizer FE,
Manson JE: Body Fat distribution and risk of Non-insulin-dependent diabetes mellitus in
women. Am J Epidemiol 1997, 145(7):614–619.
7. Midthjell K, Bjørndal A, Holmen J, Krüger Ø, Bjartveit K: Prevalence of known and
previously unknown diabetes mellitus and impaired glucose tolerance in an adult
Norwegian population. Indications of an increasing diabetes prevalence. the NordTrøndelag diabetes study. Scand J Prim Health Care 1995, 13(3):229–235. doi:
doi:10.3109/02813439508996766.
8. Bjerkedal T: Norwegian Health Interview Survey 1968. Preliminary results on
morbidity and use of health services. Acta Socio-med Scand 1970, 2–3:75–84.
9. Midthjell K, Krüger Ø, Holmen J, Tverdal A, Claudi T, Bjørndal A, Magnus P: Rapid
changes in the prevalence of obesity and known diabetes in an adult Norwegian
population. The Nord-Trøndelag Health Surveys: 1984–1986 and 1995–1997. Diabetes
Care 1999, 22(11):1813–1820. doi: 10.2337/diacare.22.11.1813.
10. Colditz GA, Willett WC, Rotnitzky A, Manson JE: Weight gain as a risk factor for
clinical diabetes mellitus in women. Ann Intern Med 1995, 122(7):481–486.
doi:10.1059/0003-4819-122-7-199504010-00001.
11. Folsom AR, Kushi LH, Hong C-P: Physical activity and incident diabetes mellitus in
postmenopausal women. Am J Public Health 2000, 90(1):134–138.
12. Manson JE, Stampfer MJ, Colditz GA, Willett WC, Rosner B, Hennekens CH, Speizer
FE, Rimm EB, Krolewski AS: Physical activity and incidence of non-insulin-dependent
diabetes mellitus in women. Lancet 1991, 338(8770):774–778. doi:10.1016/01406736(91)90664-b.
13. Taylor R, Ram P, Zimmet P, Raper L, Ringrose H: Physical activity and prevalence of
diabetes in Melanesian and Indian men in Fiji. Diabetologia 1984, 27(6):578–582.
Doi:10.1007/bf00276971.
14. Weinstein AR, Sesso HD, Lee IM, Cook NR, Manson JE, Buring JE, Gaziano JM:
Relationship of physical activity vs body mass index with type 2 diabetes in women.
JAMA 2004, 292(10):1188–1194. doi:10.1001/jama.292.10.1188.
15. Kriska AM, Saremi A, Hanson RL, Bennett PH, Kobes S, Williams DE, Knowler WC:
Physical activity, obesity, and the incidence of type 2 diabetes in a high-risk population.
Am J Epidemiol 2003, 158(7):669–675. doi:10.1093/aje/kwg191.

16. Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG, Willett WC, Speizer FE,
Manson JE: Walking compared with vigorous physical activity and risk of type 2
diabetes in women. JAMA 1999, 282(15):1433–1439. doi:10.1001/jama.282.15.1433.
17. Bozorgmanesh M, Hadaegh F, Azizi F: Diabetes prediction, lipid accumulation
product, and adiposity measures; 6-year follow-up: Tehran lipid and glucose study.
Lipids Health Dis 2010, 9(1):45. PubMed PMID: doi:10.1186/1476-511X-9-45.
18. The Norwegian Women and Cancer study (NOWAC). http://uit.no/kk/NOWAC/].
19. Lund E, Kumle M, Braaten T, Hjartåker A, Bakken K, Eggen E, Gram TI: External
validity in a population-based national prospective study - the Norwegian Women and
Cancer Study NOWAC. Canc Causes Contr 2003, 14(10):1001–1008.
20. Khardori R: Type 2 diabetes mellitus. [http://emedicine.medscape.com/article/117853overview.].
21. Borch KB, Ekeland U, Brage S, Lund E: Criterion validity of a 10-category scale for
ranking physical activity in Norwegian women. Int J Behav Nutr Phys Act 2012, 9(2):1–8.
Epub 19th January 2012. doi: 10.1186/1479-5868-9-2.
22. Indrayan A: Relative risk, odds ratio, attributable risk and number needed to treat.
[http://www.medicalbiostatistics.com/RR-OR-Etc.pdf.].
23. Bes-Rastrollo M, Sabate J, Jaceldo-Siegl K, Fraser G: Validation of self-reported
anthropometrics in the Adventist health study 2. BMC Public Health 2011, 11(1):213.
PubMed PMID: doi:10.1186/1471-2458-11-213.
24. Rowland M: Self-reported weight and height. Am J Clin Nutr 1990, 52(6):1125–1133.
25. Palta M, Prineas RJ, Berman R, Hannan P: Comparison of self-reported and measured
height and weight. Am J Epidemiol 1982, 115(2):223–230.
26. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH: The disease burden
associated with overweight and obesity. JAMA 1999, 282(16):1523–1529.
10.1001/jama.282.16.1523.
27. Carlsson S, Midthjell K, Tesfamarian M, Grill V: Age, overweight and physical
inactivity increase the risk of latent autoimmune diabetes in adults: results from the
Nord-Trøndelag health study. Diabetologia 2007, 50(1):55–58. Doi:10.1007/s00125-0060518-7.
28. Cheng C-H, Ho C-C, Yang C-F, Huang Y-C, Lai C-H, Liaw Y-P: Waist-to-hip ratio is a
better anthropometric index than body mass index for predicting the risk of type 2
diabetes in Taiwanese population. Nutr Res 2010, 30(9):585–593.
doi:10.1016/j.nutres.2010.08.007.
29. Sargeant LA, Bennett FI, Forrester TE, Cooper RS, Wilks RJ: Predicting incident
diabetes in Jamaica: the role of anthropometry. Obes Res 2002, 10(8):792–798.

30. McNeely MJ, Boyko EJ, Shofer JB, Newell-Morris L, Leonetti DL, Fujimoto WY:
Standard definitions of overweight and central adiposity for determining diabetes risk
in Japanese Americans. Am J Clin Nutr 2001, 74(1):101–107.
31. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, Marks JS:
Prevalence of obesity, diabetes, and obesity-related health risk factors, 2001. JAMA
2003, 289(1):76–79. doi:10.1001/jama.289.1.76.
32. Lindström J, Tuomilehto J: The diabetes risk score. Diabetes Care 2003, 26(3):725–
731. doi:10.2337/diacare.26.3.725.
33. Wilson PWF, Meigs JB, Sullivan L, Fox CS, Nathan DM, D'Agostino RB Sr: Prediction
of incident diabetes mellitus in middle-aged adults: the Framingham offspring study.
Arch Intern Med 2007, 167(10):1068–1074. doi:10.1001/archinte.167.10.1068.
34. Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu S, Solomon CG, Willett WC: Diet
lifestyle, and the risk of type 2 diabetes mellitus in women. N Engl J Med 2001,
345(11):790–797. doi:10.1056/NEJMoa010492.
35. Hu G, Lindstrom J, Valle TT, Eriksson JG, Jousilahti P, Silventoinen K, Qiao Q,
Tuomilehto J: Physical activity, body mass index, and risk of type 2 diabetes in patients
with normal or impaired glucose regulation. Arch Intern Med 2004, 164(8):892–896.
doi:10.1001/archinte.164.8.892.
36. WHO: Facts and figures. [http://www.euro.who.int/en/what-we-do/healthtopics/noncommunicable-diseases/diabetes/facts-and-figures.].
37. Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS: Physical activity and reduced
occurrence of Non-insulin-dependent diabetes mellitus. N Engl J Med 1991, 325(3):147–
152. doi:10.1056/NEJM199107183250302.
38. Steanovv TS, Vekova AM, Kurktschiev DP, Temelkova-Kurktschiev TS: Relationship
of physical activity and eating behaviour with obesity and type 2 diabetes mellitus: Sofia
Lifestyle (SLS) study. Folia Med (Plovdiv) 2011, 53(1):11–18.
39. Soman VR, Koivisto VA, Deibert D, Felig P, DeFronzo RA: Increased insulin
sensitivity and insulin binding to monocytes after physical training. N Engl J Med 1979,
301(22):1200–1204. doi:10.1056/NEJM197911293012203.
40. Rainer R: Relationship of physical activity, glucose tolerance, and weight
management. Prev Med 1984, 13(1):37–46. doi:10.1016/0091-7435(84)90039-2.

Figure 1

Figure 2

