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Background: Obesity, hypertension, and hypertriglyceridemia are important risk factors for type
2 diabetes (T2D). We wanted to assess the risk associated with these three factors alone and in
combination, and the relative importance of these and several other risk factors (eg, nonfasting
glucose) as predictors of T2D.

Methods: Risk factors in a Norwegian population (n=109,796) aged 4045 years were measured
in health studies in 1995-1999. Blood glucose-lowering drugs dispensed in 2004—2009 were
used to estimate the incidence of T2D. Groups based on combinations of body mass index
(BMI), diastolic blood pressure, and triglycerides were defined by using the 50% and 90%
quantiles for each variable for men and women. The relative importance of BMI, triglycerides,
total cholesterol, high-density lipoprotein cholesterol, glucose, blood pressure, and year of
birth for predicting T2D was assessed using deviance from univariate and multivariate logistic
regression models. Height, weight, and blood pressure were measured. All biomarkers were
measured in nonfasting blood samples.

Results: In the various groups of BMI, triglycerides, and diastolic blood pressure, the incidence
of T2D ranged from 0.5% to 19.7% in men and from 0.15% to 21.8% in women. BMI was the
strongest predictor of incident T2D, followed by triglyceride levels in women and glucose levels
in men. The inclusion of risk factors other than BMI, glucose, triglycerides, and blood pressure
in multivariate models only marginally improved the prediction.

Conclusion: BMI was the strongest predictor of type 2 diabetes. At defined levels of BMI,
the incidence of T2D varied substantially with triglyceride levels and blood pressure. Thus,
controlling triglycerides and blood pressure in middle-aged individuals should be targeted to
prevent later onset of T2D.
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Background

The global prevalence of diabetes is rapidly increasing.!? In Norway, the prevalence
of the population treated with blood glucose-lowering drugs increased from 2.4%
in 2004 to 3.1% in 2010.>* Both type 1 and type 2 diabetes (T2D) may occur at any
age, but T2D is mainly diagnosed after the age of 40 years, while type 1 diabetes is
more common in children and young adults.>* T2D is a metabolic disorder, with high
blood glucose levels caused by insulin resistance and a relative deficiency of insulin.
According to the American Diabetes Association, T2D accounts for at least 90%
of all cases of diabetes.® Hypertension and dyslipidemia, such as low high-density
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lipoprotein (HDL) levels and hypertriglyceridemia are risk
factors for T2D,” and also increase the risk of cardiovascular
complications in patients with diabetes.!

Overweight and obesity are also strongly associated
with T2D.!""'2 Early identification of the population at risk is
important in preventing T2D."* An Icelandic study showed
that high levels of body mass index (BMI), triglycerides,
and blood pressure were present long before the onset
of T2D."

Obesity is an important risk factor for T2D, but a question
for further research is why every individual with obesity does
not develop T2D.!* The aim of our study was to quantify the
risk of T2D associated with various combinations of levels
of BMI, triglycerides, and blood pressure, in a Norwegian
cohort of men and women aged 40—45 years. We also
wanted to quantify the relative importance of these three
risk factors, plus others, such as nonfasting glucose, as
predictors for T2D.

Methods

Variables and study population

Measurements of weight, height, blood pressure, triglycerides,
total cholesterol, HDL cholesterol, and glucose in the period
1995-1999 were obtained from Norwegian health studies.
All biomarkers were measured in nonfasting blood samples.
Questionnaires completed by participants in the studies
included information about cardiovascular disease, diabetes,
and use of antihypertensives. The health study program began
in 1985, but measurements of glucose and HDL cholesterol
were not included before 1994 and 1995, respectively. All
Norwegian men and women aged 40—42 years and some aged
43-45 years were invited to participate in the studies. Fifteen
of the 19 Norwegian counties participated in the program
in 1995-1999 and are represented in our study population.
A description of the health study in the county of Nordland
has been published.!® The response rate declined from about
80% in 1985 to 60% in 1999.

Weight, height, and blood pressure were measured at the
screening site according to standardized procedures. After
a 2-minute rest, three recordings of systolic and diastolic
blood pressure were performed at one-minute intervals using
an automated device. The average of the second and third
measurement was used in our study. Weight was measured
to the nearest 0.5 kg, and height to the nearest cm. BMI was
calculated as weight (kg) divided by height (m) squared.

A total of 116,630 individuals were candidates for the
study population. Individuals who reported cardiovascular
disease, diabetes, and antihypertensive use at screening were

excluded. Individuals with missing data and those who died
or emigrated before January 1, 2004 were also excluded.
Overall, 6834 individuals were excluded, leaving 109,796
for analysis (50,711 men and 59,085 women). A flow chart
of the study population is given in eFigure 1.

Information from the health studies and the Norwegian
Prescription Database (NorPD; see below) were linked using
the unique 11-digit personal identification number assigned
to every person living in Norway at birth or immigration. All
participants included from the health studies gave consent
for use of their data in research. Permission for linkage was
given by the Norwegian Data Inspectorate and the Regional
Committee for Medical Research Ethics.

Estimating T2D incidence

Since January 2004, all pharmacies in Norway have been
obliged to send information about every dispensed prescrip-
tion to the NorPD electronically.? Blood glucose-lowering
drugs are classified in Anatomical Therapeutic Chemical
classification group A10. Insulins are classified in subgroup
A10A and noninsulins in A10B."” Individuals who had at
least one prescription for a blood glucose-lowering drug
(A10) dispensed in the period January 1, 2004 to December
31, 2009 were defined in our study as having T2D.

Statistical analysis

Ranking of risk factors by deviance

The variables described above were ranked according
to the strength of their association with incident T2D by
using the deviance from univariate logistic regression
models. Deviance is a measure of how well the statistical
model describes the observed data, with a lower deviance
implying a better fit (see Appendix for details). This was
done separately for men and women. The variables were
entered as continuous. Triglycerides were log-transformed
due to their skewed distribution.

The effects of each additional risk factor when the more
important risk factors were accounted for were assessed as
follows: starting with a model including only the variable
yielding the smallest deviance, all the other variables were
added, one by one. The variable that led to the largest
decrease in deviance was added at each step. No interaction
terms were included.

T2D risk according to BMI, triglycerides,

and blood pressure

First, each individual was allocated to one of three BMI groups
(B,, B,, or B,), one of three triglyceride groups (T, T,, or T,),
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and one of three diastolic blood pressure groups (D, D,, or
D,), based on the 50% and 90% quantiles of the respective
variables for each gender. They were further allocated to one
of'the 27 combined B,T,Dk groups, where 7, j,and k=1, 2, or 3.
For example, a person with a BMI below the 50% quantile (B, ),
triglycerides above the 90% quantile (T,), and diastolic blood
pressure between the 50% and 90% quantile (D,) was allocated
to group B, T,D,. The incidence of T2D was calculated for each
BTD, group. The relative risks associated with belonging
to group BTD, were calculated with B,T D, and BT D, as
reference groups, adjusted for year of birth, HDL cholesterol,
total cholesterol, and glucose. Robust Poisson regression'®
was used to calculate relative risks. The motivation for the
asymmetric choice of quantiles was to have sufficiently large
reference groups (BT D, i =1, 2, 3) to contain a reasonable
number of individuals who later developed T2D. Relative risks
were chosen rather than odds ratios because relative risks are
easier to interpret, but because the Poisson regression did not
describe the relationship between glucose as a continuous
variable and T2D well, we entered glucose as a 12-level
categorical variable defined by the 10, 20, 30, 40, 50, 60, 70,
80, 90, 95, and 99% quantiles by gender. The other variables
adjusted for were entered as continuous.

The analyses were done in R, using the generalized linear
model function to compute relative risks and deviances, and
the vcovHC function of the sandwich package was used to
compute robust standard error estimates for the relative risk
estimates.'® 2

Results

Analyses of deviance

BMI was the single variable that best predicted T2D in both
genders, followed by triglycerides in women and glucose in
men (Figure 1). In women, HDL cholesterol was also a better
predictor than glucose. In the multivariate model, glucose
was the second most important variable for both men and
women (Figure 1). For women, this indicates that knowing
only their triglyceride or HDL cholesterol level was more
informative than knowing only the glucose level with respect
to predicting T2D. However, if the BMI was already known,
additional information about glucose was more important
for prediction purposes than additional information about
triglycerides. Little was gained by adding variables other than
BMI, glucose, triglycerides, and blood pressure (Figure 1).

Analyses of groups
The BMI, triglyceride, and diastolic blood pressure groups,
used to define the BTD, groups, are given in Table 1, and
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Figure | Deviance from univariate and multivariate logistic regression models with
incident T2D as the outcome variable and the explanatory variables given on the x-axis.
Notes: For the multivariate models, the variables to the left for, and including,
the actual variable were included in the model. The upper and lower dashed
horizontal lines show the null-deviance and the deviance of the model with all
variables included, respectively. On the right axes, the deviance is divided by the
null-deviance.

Abbreviations: BMI, body mass index; bp, blood pressure; chol, cholesterol;
triglyc, triglycerides; T2D, type 2 diabetes; HDL, high-density lipoprotein.

baseline characteristics for selected groups are given in
Table 2. A total 0of 2523 subjects (2.3% of the study population)
had at least one prescription of blood glucose-lowering drugs
dispensed between January 1, 2004 and December 31, 2009,
indicating that they had developed T2D. The prevalence
varied from 0.15% in the female B,T D, group to 21.8% in the
female B,T,D, group (Table 3, Figure 2). For both men and
women, a BMI around 32-33 kg/m? at baseline, combined
with the lowest levels of blood pressure and triglycerides, was
associated with approximately the same incidence of T2D as
a BMI of 20-23 kg/m* combined with the highest level of
blood pressure and triglycerides (Figure 2). The incidence of
T2D in the B,T,D, group compared with the B,T,D, group
was 39 times higher in men and 142 times higher in women,
decreasing to relative risks of 18 and 43, respectively, after
adjustment. Within the three BMI groups, the incidence of
T2D varied substantially with blood pressure and triglyceride
levels (Table 3). At defined levels of BMI and triglycerides,
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Table | Body mass index, triglycerides, and diastolic blood pressure groups defined by 50% and 90% quantiles, by gender

Men Women

Group | Group 2 Group 3 Group | Group 2 Group 3
Body mass index (kg/m?) =259 26.0-30.4 =305 =24.1 24.2-30.1 =30.2
Triglycerides (mmol/L) =1.80 1.81-3.74 =375 =I.14 1.15-2.26 =227
Diastolic blood pressure (mmHg) =77.0 77.1-89.5 =89.6 =715 71.6-84.5 =84.6

the T2D incidence increased with increasing blood pressure,
and at defined levels of BMI and blood pressure, the T2D
incidence increased with increasing levels of triglycerides
(Table 3, Figure 2).

A similar analysis with diastolic blood pressure replaced
by nonfasting glucose as the third grouping variable was
performed. As expected, the variation in T2D incidence
with triglycerides and glucose within the BMI groups was
larger than the variation when diastolic blood pressure was
used (eFigure 2).

Discussion

Obesity is positively associated with hypertriglyceridemia
and hypertension, and all three are known risk factors for
T2D."? In our study of Norwegians aged 4045 years, BMI
was the single variable that best predicted T2D 5-15 years
later. However, at defined levels of BMI, the T2D incidence

varied substantially with triglyceride levels and diastolic
blood pressure, also after adjustment for nonfasting glucose,
HDL cholesterol, total cholesterol, and year of birth.

In deviance analyses including glucose, the strongest
predictors for development of T2D were BMI, glucose,
triglycerides, and blood pressure. Additional information
about HDL cholesterol and total cholesterol had little impact
on the prediction. In the Framingham study, clinical models
including BMI (trichotomized), fasting glucose, triglycerides,
HDL cholesterol, blood-pressure (all dichotomized), age
(categorized), gender, and parental history predicted T2D
equally as well as other models including more detailed
clinical information.> When risk factors are modeled as
continuous rather than categorical, even less information
could be needed.

BMI is a measure of general obesity. From a clinical
aspect, abdominal and visceral obesity are considered to

Table 2 Baseline characteristics for subjects in the lowest and highest groups of body mass index (B), triglycerides (T), and diastolic
blood pressure (D), and for the total study population (subjects with and without T2D, n = 109,796)

Combinations of BMI, triglycerides, and diastolic blood pressure

Total population

B T D, B T D, B T,D, B T,D, B,T D, B, T D, B.T.D, B.T.,D, No T2D T2D
Men
n 10,167 856 533 143 467 190 315 284 49,216 1495
Deaths by 2004 (%) 0.7 1.6 1.3 0.0 0.4 1.0 0.3 0.4
Age in 2004 (years) 47.8 48.6 47.8 48.7 47.5 48.0 47.5 48.1 48.0 483
BMI (kg/m?) 234 23.8 243 24.6 324 332 33.0 335 26.1 30.1
Systolic BP (mmHg) 122.7 148.1 125.3 147.8 127.9 154.6 128.5 154.7 131.3 139.0
Diastolic BP (mmHg) 69.6 94.6 70.7 95.5 71.2 96.6 71.8 97.0 773 82.9
Glucose (mmol/L) 5.1 53 5.4 5.7 5.2 5.4 5.6 59 5.2 6.5
Triglycerides (mmol/L) 1.2 1.2 4.8 5.1 1.4 1.4 5.2 5.4 2.1 32
HDL cholesterol (mmol/L) 1.3 1.4 1.0 1.0 1.2 1.2 0.9 1.0 1.2 1.1
Total cholesterol (mmol/L) 5.3 5.6 6.2 6.5 5.4 5.7 6.4 6.6 5.7 6.0
Women
n 11,026 1114 612 129 405 151 427 412 58,057 1028
Deaths by 2004 (%) 0.3 0.5 0.5 3.0 0.0 0.7 0.7 0.0
Age in 2004 (years) 47.8 48.5 47.8 48.2 47.5 482 47.6 483 48.0 483
BMI (kg/m?) 21.8 21.9 223 224 329 332 33.9 34.1 247 30.8
Systolic BP (mmHg) 112.8 141.4 114.9 142.5 119.4 149.7 121.2 149.4 121.8 132.5
Diastolic BP (mmHg) 64.1 90.4 64.7 90.9 65.3 91.4 65.8 923 71.9 78.6
Glucose (mmol/L) 5.0 5.1 5.2 5.4 5.0 5.2 5.5 5.6 5.1 6.0
Triglycerides (mmol/L) 0.8 0.8 2.9 3.0 0.9 0.9 33 34 1.3 2.4
HDL cholesterol (mmol/L) 1.6 1.7 1.2 1.3 1.4 1.4 I.1 1.1 1.5 1.2
Total cholesterol (mmol/L) 5.0 52 5.7 5.9 5.1 53 6.0 6.2 5.3 5.8

Abbreviations: BP, blood pressure; BMI, body mass index; HDL, high-density lipoprotein.
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Table 3 Incidence and relative risk of T2D in groups of BMI (B), triglycerides (T), and diastolic blood pressure (D)

Group n Cases Pct® RR" RRc (95% CI) RR! RRe (95% CI)
Men

BT D, 10,167 51 0.50 Ref Ref Ref Ref

BT D, 5175 38 0.73 1.5 1.4 (0.9-2.1) 1.5 1.4 (0.9-2.1)
B T D, 856 Il 1.3 2.6 2.3 (1.2-4.4) 2.6 2.3 (1.2-4.4)
B,T,D, 4716 37 0.78 1.6 1.3 (0.8-1.9) 1.6 1.3 (0.8-1.9)
B,T,D, 3039 44 1.4 2.9 2.2 (1.5-3.3) 2.9 2.2 (1.5-3.3)
B,T,D, 659 15 2.3 4.5 3.3(1.9-5.7) 4.5 3.3(1.9-5.7)
B,T,D, 533 12 2.3 4.5 2.8 (1.5-5.2) 4.5 2.8 (1.5-5.2)
B T,D, 512 19 37 74 4.8 (2.8-8.0) 7.4 4.8 (2.8-8.0)
B,T,D, 143 9 6.3 12.5 6.5 (3.4-12.6) 12.5 6.5 (3.4-12.6)
B,T D, 4045 50 1.2 2.5 2.4 (1.6-3.5) Ref Ref

B,T D, 3112 59 1.9 3.8 3.5 (24-5.0) 1.5 1.5 (1.0-2.1)
B,T D, 765 27 3.5 7.0 6.3 (4.0-10.0) 2.9 2.7 (1.7-4.2)
B,T,D, 4082 99 2.4 4.8 3.8 (2.7-5.4) 2.0 1.6 (1.1-2.2)
B,T,D, 4085 171 4.2 8.3 6.2 (4.5-8.6) 34 2.6 (1.9-3.6)
B,T,D, 1130 60 53 10.6 7.2 (4.9-10.4) 43 3.0 (2.14.4)
B,T.D, 1022 56 55 10.9 7.3 (4.9-10.7) 4.4 3.0 (2.14.5)
B,T,D, 1250 94 75 15.0 9.3 (6.6-13.2) 6.1 3.9 (2.8-5.5)
B,T,D, 419 35 8.4 16.7 9.0 (5.8-13.9) 6.8 3.8 (2.5-5.8)
B,T D, 467 20 43 85 7.9 (4.8-13.1) Ref Ref

B,T D, 579 36 6.2 12.4 10.9 (7.2-16.5) 1.5 1.4 (0.8-2.3)
B,T D, 190 27 14.2 28.3 21.3 (13.6-33.2) 33 2.7 (1.6-4.6)
B,T,D, 904 83 9.2 18.3 13.0 (9.2-18.3) 2.1 1.6 (1.0-2.6)
B.T,D, 1197 138 1.5 23.0 14.9 (10.8-20.7) 2.7 1.9 (1.2-3.0)
B,T,D, 505 100 19.8 395 24.4 (17.4-34.1) 4.6 3.1 (2.04.9)
B,T,D, 315 48 15.2 304 17.5 (11.9-25.7) 3.6 2.2 (1.4-3.6)
B,T,D, 560 100 17.9 35.6 18.7 (13.2-26.3) 42 2.4 (1.5-3.7)
B,T,D, 284 56 19.7 393 18.4 (12.6-26.7) 4.6 2.3 (1.4-3.8)
Women

B,T D, 11,026 17 0.15 Ref Ref Ref Ref

B T D, 6586 18 0.27 1.8 1.7 (0.9-3.3) 1.8 1.7 (0.9-3.3)
BT D, 1114 6 0.54 35 3.3(1.3-83) 3.5 3.3 (1.3-8.3)
B,T,D, 5571 21 0.38 2.4 1.7 (0.9-3.3) 2.4 1.7 (0.9-3.3)
B T,D, 3845 21 0.55 3.5 2.4 (1.3-4.6) 3.5 2.4 (1.3-4.6)
B,T,D, 748 8 1.1 6.9 4.5 (1.9-10.4) 6.9 4.5 (1.9-10.4)
B,T,D, 612 8 1.3 8.5 4.4 (1.9-10.2) 85 4.4 (1.9-10.2)
B,T,D, 504 10 2.0 12.9 5.9 (2.7-12.9) 12.9 5.9 (2.7-12.9)
B,T,D, 129 4 3.1 20.1 7.3 (2.6-20.6) 20.1 7.3 (2.6-20.6)
B,T D, 5200 24 0.46 3.0 2.8 (1.5-5.2) Ref Ref

B,T D, 3906 29 0.74 4.8 42 (23-7.7) 1.6 1.5 (0.9-2.6)
B,T D, 778 Il 1.4 9.2 7.5 (3.5-15.9) 3.1 2.7 (1.3-5.4)
B,T,D, 4742 47 0.99 6.4 42 (24-74) 2.1 1.5 (0.9-2.5)
B,T,D, 4601 87 1.9 12.3 7.6 (4.5-12.9) 4.1 2.7 (1.7-423)
B,T,D, 1156 28 2.4 15.7 9.1 (5.0-16.6) 52 3.2 (1.9-5.6)
B,T.D, 1077 47 4.4 28.3 12.9 (7.3-22.7) 9.5 4.6 (2.8-7.6)
B,T.D, 1407 71 5.0 327 13.3 (7.7-22.9) 10.9 4.8 (3.0-7.6)
B,T.D, 491 50 10.2 66.0 22.7 (12.9-39.8) 22.1 8.1 (5.0-13.2)
B,T D, 405 15 37 24.0 20.5 (10.3-40.7) Ref Ref

B,T D, 527 22 42 27.1 20.4 (10.9-38.4) 1.1 1.0 (0.5-1.9)
B,T D, 151 7 4.6 30.1 22.3 (9.5-52.4) 1.3 1.1 (0.5-2.6)
B,T,D, 910 44 4.8 314 18.2 (10.4-31.9) 1.3 0.9 (0.5-1.6)
B.T,D, 1399 109 7.8 50.5 26.4 (15.8-44.3) 2.1 1.3 (0.8-2.2)
B,T,D, 529 60 1.3 73.6 36.4 (21.2-62.5) 3.1 1.8 (1.0-3.1)
B,T,D, 427 45 10.5 68.4 25.0 (14.2-44.1) 2.8 1.2 (0.7-2.1)
B,T.D, 832 129 15.5 100.6 35.8 (21.2-60.5) 4.2 1.7 (1.0-3.0)
B,T,D, 412 90 21.8 141.7 43.3 (25.3-74.2) 5.9 2.1 (1.2-3.6)

Notes: *Incidence of T2D as a percentage; °crude relative risks. The B/ T D, group is reference for all B,T,Dk groups; ‘relative risks adjusted for glucose, total cholesterol,
HDL cholesterol, and year of birth. The B, T,D, group is reference for all B,Tle groups; “crude relative risks. The BT D, group is reference for the B,T]Dk groups,
i=1,2,3; °relative risks adjusted for glucose, total cholesterol, HDL cholesterol, and year of birth. The B,T|D| group is reference for the B‘.TJDk groups, i = 1,2,3.
Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein; RR, relative risk; T2D, type 2 diabetes.
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Figure 2 Incidence of T2D by BMI, triglycerides, and diastolic blood pressure.
Notes: Colored points: Incidence in 27 groups defined by the 50% and 90%
quantiles of BMI, triglycerides, and blood pressure, by gender. BMI groups are
distinguished by vertical dashed lines, triglyceride groups by color (blue, orange, and
red indicate increasing levels), and blood pressure group by point size (increasing
size for increasing levels). The x-coordinate of each point indicates the mean BMI in
the corresponding B,T]Dk group. White lines: smoothing spline estimate of incidence
of T2D by BMI only, with 95% bootstrapped confidence band.

Abbreviations: BMI, body mass index; T2D, type 2 diabetes.

be more closely related to T2D than general obesity. Waist
circumference and waist-hip ratio are used as measures of
abdominal fat. In a meta-analysis of 32 studies, the three
measurements were almost identical with regard to their
ability to predict incident T2D.?' In our study population,
information about waist and hip circumference was
available for a subsample of 76,560 individuals. In this
sample, BMI and waist circumference were equally good
predictors for T2D (eFigure 3), which is logical because
the two were strongly correlated (correlation 0.82 for
men and 0.85 for women). The waist-hip ratio was less
correlated with BMI (correlation about 0.5) and less related
to T2D.

Other variables, such as smoking, physical activity,
alcohol consumption, education, and heart rate, were
included as variables in early analyses, but because they
only marginally decreased the deviance in the multivariate
analyses they were excluded in the final analysis. However,
these variables increased the predictability in groups with
low metabolic scores in another Norwegian study.?

The relationships between the variables examined
and T2D incidence were fairly well described by logistic
regression models (eFigure 4). In many risk prediction
models, continuous variables are categorized,”® which

implies loss of information. A multivariate model, such
as the one used for calculating deviances in our study,
can also be used for risk prediction. An example is given
in eFigure 5.

Strengths and limitations

The main strength of this study was the large study population
in a narrow age range where medicine use and mortality could
be traced. The size of the study population made it possible
to create combined groups with various levels of BMI,
triglycerides, and blood pressure to study their combined
effect on incidence of T2D.

Self-reported diabetes at baseline was used as an exclusion
criterion, but erroneous self-reports may have led to inclusion
of individuals who had already been diagnosed with diabetes.
In Okura et al, 99 (66%) of 150 American patients who had
a diabetes diagnosis in their medical records answered “yes”
when asked whether a medical practitioner had informed
them that they had diabetes.?* The percentage was 77% in the
age group of 45—65 years. Margolis et al reported roughly the
same response in a population of 161,808 American women
aged 50-79 years.” However, it should be noted that 37 of
the 51 false-negative responders in the study by Okura et al
answered “yes” when asked whether they had a diagnosis
of borderline diabetes.

Some patients with undiagnosed diabetes at baseline
are probably included in the population. For example, of
58 people in our study population with a nonfasting blood
glucose of >15 mmol/L at baseline, 55 were dispensed
diabetes drugs in 2004—2009. Many of these probably had
undiagnosed diabetes at baseline. The reduction in the
diagnostic criterion of the fasting plasma glucose from
7.8 mmol/L to 7.0 mmol/L between the time of screening and
follow-up? may imply that some individuals who were not
diagnosed with T2D at screening would have been diagnosed
during follow-up, even though their fasting plasma glucose
levels were unchanged. All biomarkers in our study were
measured in nonfasting blood samples and this will probably
give higher levels compared with fasting samples.

Another limitation of the study was that the subjects were
not monitored during follow-up. Their BMI, blood pressure,
triglycerides, and other biomarkers may have changed
because of lifestyle modification and use of antihypertensives
and lipid-modifying agents (statins), which may have blurred
the associations.?’-*

Finally, we had no information about genetic disposition
in our study population, but this is unlikely to have
influenced the results significantly. A case-control study
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with 2598 controls and 2309 cases showed that inclusion of
genetic information in a model with BMI, age, and gender
only marginally increased TD2 predictability.?

Hypoglycemic drugs as an outcome
indicator for type 2 diabetes

The use of dispensed blood glucose-lowering drugs as a
proxy for T2D eliminates the problem of recall bias in self-
reporting, but can also lead to false negatives (untreated or
undiagnosed T2D) and false positives (people without T2D
being treated with diabetes medicine).

T2D patients who are controlled only with lifestyle
measures (eg, physical activity and dietary modification) will
not be identified and neither will individuals with unknown
T2D. According to the Norwegian Diabetes Association,
about 70% of T2D patients need medication. On the other
hand, very few, if any, individuals in our study population
would be prescribed blood glucose-lowering drugs for
diabetes without having the disease. However, individuals
who were dispensed insulin only could be either patients with
type 1 diabetes or T2D. In total, 137 individuals were only
treated with insulin in our population (5% of total cases),
and given that our study population was middle-aged, most
of them probably had T2D.

Conclusion

Our study confirms that BMI is the strongest predictor of
T2D. However, at defined levels of BMI, the incidence
of T2D varied substantially with triglyceride levels and
blood pressure. The addition of other variables to BMI,
triglycerides, glucose, and blood pressure in multivariate
models had little impact on the prediction of T2D. The
results indicate that levels of triglycerides and blood pressure
are independent risk factors. Thus, triglyceride and blood
pressure control in middle-aged individuals should also be
targeted to prevent later onset of T2D.
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Appendix

Deviance

Deviance is a goodness-of-fit measure defined as -2 times
the difference in log-likelihood between the current model
and a saturated model (ie, a model that fits the data
perfectly). In the logistic regression case, the deviance equals
-2 X[y, log(u) + (1-y)log(1-,)] where y, are the observed
data (1 if individual i has T2D, 0 if not) and . are the fitted
values from the maximum likelihood model. If adding a

new covariate to a given multivariate model does not lead
to a reduction in deviance, its inclusion has little benefit
because it does not decrease the discrepancy between the
model and the data. The null-deviance is the deviance from
the model with no covariates, where L. =n"'Xy (the predicted
T2D risk for each individual equals the average incidence
of T2D in the population, independent of the characteristics
of the individual).

116,630

health study participants 1995-1999,
aged 40-45 years at screening

: 1308 lacked data on risk factors
and/or diabetes

» 1044 reported diabetes

-

.

.| 495 lacked data on cardiovascular
disease or hypertension treatment

Vs

A4

.

833 reported cardiovascular disease
2091 were treated for hypertension

A 4

110,859

641 died before 2004
422 emigrated before 2004

A\ 4

Study population, n = 109,796
Linked to the Norwegian prescription
database 2004-2009

eFigure | Flow chart of study population.
Note: Exclusion of participants from the Norwegian health studies 1995-1999.
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glucose only, with 95% bootstrapped confidence band. The 50% and 90% quantiles SR 17 39 22 9 A 17
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BMI and triglycerides are given in Table |.
Abbreviations: BMI, body mass index; T2D, type 2 diabetes.

eFigure 3 Deviance from univariate and multivariate logistic regression models,
with incident T2D as the outcome variable and the explanatory variables given on
the x axis.

Notes: For the multivariate models, the variables to the left for, and including, the
actual variable were included in the model. Population: 35,281 men and 41,279 women
screened between 1996 and 1999 with measurements of waist and hip circumference.
Abbreviations: BMI, body mass index; bp, blood pressure; chol, cholesterol;
T2D, type 2 diabetes; HDL, high-density lipoprotein; circumf, circumference; triglyc,
triglycerides.
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20 25 30 35 40 45 50 0.5 1 2 4 8 16 60 80 100 120 100 140 180
BMI (kg/m?) Triglycerides (mmol/L) Diastolic bp (mmHg) Systolic bp (mmHg)

T2D incidence (%)

4 6 8 10 14 4 6 8 10 1.0 1.5 20 25 3.0 1952 1956 1960
Glucose (mmol/L) Total chol (mmol/L) HDL chol (mmol/L) Year of birth

eFigure 4 Incidence of T2D for women in groups defined by the |, 5, I5, 25, 35, 45, 55, 65, 75, 85, 95, 96, 97, 98, 99.5, 99.8, and 99.95% quantiles of the actual variables,
with 95% binomial confidence intervals.

Notes: The x values for the points equal the means of the groups. A vertical dashed line is drawn at the 99% quantile for each variable. The curves show the fits of Poisson
(black) and logistic (red) regressions. Triglycerides were log-transformed in the regressions. The data were similar for men.

Abbreviations: BMI, body mass index; bp, blood pressure; chol, cholesterol; T2D, type 2 diabetes; HDL, high-density lipoprotein.

Triglycerides (mmol/L)

70 90 110 50 70 90 110

Diastolic blood pressure (mmHg)

eFigure 5 Predicted probability (white curves/numbers) for developing T2D before age 60 years for a 42-year-old man (top) and woman (bottom) with BMI equal to 20, 25,
30 or 35 kg/m? at given levels of triglycerides and blood pressure.

Notes: The color of each cell indicates the number of individuals in the study population with the given level of triglycerides and blood pressure according to the color
scale on the right y axes. Blue cells (value 0) have zero individuals, and at each level of BMI the red cell (value |) is the most common combination of triglycerides and blood
pressure. An orange cell (value 0.8) has 20% less individuals than the red cell in the same plot. The probabilities were predicted from the fit of a multivariate logistic regression
model to 175,079 men and 194,897 women participating in the health studies between 1985 and 1999. The variables included were BMI, triglycerides, and diastolic blood
pressure (with interaction terms) and year of birth and year of screening (without interaction terms).

Abbreviations: BMI, body mass index; T2D, type 2 diabetes.
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