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Abstract
Aims/hypothesis We sought to identify determinants of pro-
gression from impaired fasting glucose (IFG) and impaired
glucose tolerance (IGT) to diabetes in high-risk screened
individuals.
Methods In general practices in Denmark, stepwise screen-
ing for type 2 diabetes mellitus in persons aged 40 to 69 years
included a risk questionnaire, random blood glucose, HbA1c,
fasting blood glucose and an OGTT. The 1,821 individuals
with IGT or isolated IFG (WHO 1999) were re-invited after
1 and 3 years. Follow-up data on glucose measurements were
available in 1,510 individuals and additional clinical data in
1,002 collected at the 3-year visits. Regression models using
interval censoring were used.
Results Progression rates from IFG and IGT to diabetes
over 3.5 years were 11.8 and 17.0 per 100 person-years, re-
spectively and were particularly high in the first year.
Baseline determinants of progression were: IFG: glucose

measures, BMI [per kg/m2, rate ratio (RR) 1.04 (95% CI,
1.01–1.08)] and triacylglycerol [per twofold increase, RR
2.19 (1.49–3.22)]; and IGT: glucose measures and known
hypertension [RR 1.46 (1.11–1.93)]. Weight reduction and
decreased triacylglycerol were inversely associated with
development of diabetes in IFG individuals [per 1 kg/year,
RR 0.81 (0.66–0.98) and per 1 mmol l−1 year−1, RR 0.08
(0.01–0.51), respectively], whereas in IGT participants only
weight reduction was inversely associated [per 1 kg/year,
RR 0.80 (0.67–0.96)].
Conclusions/interpretation Higher levels of glucose mea-
sures, larger BMI, known hypertension and hypertriacyl-
glycerolaemia are significant determinants of progression in
high-risk screened individuals. Weight loss of 1 kg/year or
reduction of hypertriacylglycerolaemia markedly reduced
the risk of diabetes.
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RBG random capillary blood glucose
RR rate ratio
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Introduction

It is currently being debated whether population screening
for impaired glucose tolerance (IGT) and impaired fasting
glucose (IFG) is worthwhile in itself. Nevertheless, indi-
viduals with IFG or IGT are identified by various screening
strategies for type 2 diabetes mellitus. In high-risk screened
individuals in general practice we have shown that progres-
sion rates to diabetes within the first year are high for both
IFG and IGT individuals [1]. Evidence on the risk of devel-
oping diabetes in these individuals is essential, as progression
to diabetes is preventable with lifestyle changes or pharmaco-
logical interventions, at least for persons with IGT [2–9]. By
knowing which risk factors or changes in risk factor levels
determine progression to diabetes, we may be able to
develop individualised focused interventions. Current publi-
cations on determinants of progression from IGT have studied
population-based cohorts including moderate and low-risk
individuals; few studies have reported on IFG [10–16].

We wanted to evaluate possible determinants of progres-
sion from isolated IFG and from IGT to diabetes in a high-
risk screened Danish population.

Methods

Study background The Anglo–Danish–Dutch study of In-
tensive Treatment in People with Screen Detected Diabetes
in Primary Care (ADDITION) study is a population-based,
high-risk screening and intervention study for type 2 diabetes
mellitus in general practice [17]. The screening programme
in Denmark and the 1 year follow-up of IFG and IGT have
been evaluated previously [1, 18]. The 1 year follow-up of
IFG and IGT included individuals screened from 2001 to
August 2003. The present follow-up study includes individ-
uals with IFG and IGT identified in the screening period
2001 to 2005.

The screening process The screening process was a step-
wise, decision-tree model. Persons aged 40 to 69 years,
registered with the participating practices in five counties in
Denmark, received an invitation with a risk score question-
naire [18, 19]. Persons with a risk score of 5 points or more
were recommended to contact their general practitioners for
further tests. In this second step, random capillary blood
glucose (RBG) and HbA1c were measured. Individuals
were considered at low risk of having diabetes if RBG
<5.5 mmol/l and HbA1c <5.8%. In all those who proceeded
in the programme after this second step, fasting capillary
blood glucose (FBG) was measured. An OGTT was
performed within the same consultation if FBG was 5.6 to
6.1 mmol/l or HbA1c ≥ 5.8%. Consequently, each step

divided persons into high vs low risk of having diabetes.
Those at low risk did not continue in the programme. Annual
glucose measuring was recommended for individuals with
IFG and IGT. Individuals with two diabetic glucose values on
separate days were included in the intervention programme.

The follow-up study Invitations for follow-up of glucose
measurements in individuals with IFG or IGT were given
after 1 and 3 years. After 1 year glucose measures were
recorded. At the 3-year visit anthropometric measurements,
blood samples and a questionnaire on lifestyle changes were
also collected (extended follow-up data). Individuals entering
the ADDITION study in 2004 or 2005 were invited to this
extended follow-up visit at study-end in 2006. We measured
2 h capillary blood glucose (2hBG) regardless of the levels
of FBG and HbA1c. Individuals with severe concurrent
illnesses, alcohol abuse or subsequently being treated by
general practitioners not in the ADDITION study were not
invited (Fig. 1). Individuals diagnosed with diabetes after
screening and before the planned extended follow-up visit
were classified as incident cases of diabetes from the day of
diagnosis and were not re-invited. During screening, 1,821
individuals were identified with IFG or IGT. Glucose mea-
surements at follow-up were available in 1,510 individuals,
for 1,002 of whom extended follow-up data were obtained.

Measurements Three self-administered questionnaires were
used: (1) the Danish Risk Score [19]; (2) a baseline ques-
tionnaire on medical history, family history of diabetes,
smoking status (daily smoker or not) and alcohol consump-
tion; and (3) a follow-up questionnaire on changes since
screening. Physical activity was not part of the baseline
questionnaire. Baseline physical activity level was therefore
based on the risk score questionnaire, in which leisure time
activity was considered low when individuals marked
‘moderate activity 4 h a week or less’ (physically inactive indi-
viduals). Information on medication was not given at baseline.
Lifestyle changes since screening were based on recall by the
persons, for example in the form of statements on whether their
total food intake was much reduced, slightly reduced,
unchanged or increased a little or much. These changes were
assessed by dichotomised variables indicating any healthy
improvement vs no change or worsening. Information on
deceased participants was drawn from central registers.

Blood pressure was measured twice with a standard
sphygmomanometer after 10 min rest. The lowest value
was recorded. Height and weight were measured with the
person wearing light clothing and no shoes. Waist and hip
circumferences were measured.

Capillary whole-blood glucose was measured using a
glucose dehydrogenase reaction (HemoCue, Ängelholm,
Sweden). The average of results from two capillary blood
samples taken 1 min apart was used. The persons were
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fasting from 23:00 hours on the evening before, having
been instructed not to eat, drink or smoke. A 75 g OGTT
was performed on the persons staying in the consultation.

Fasting venous blood samples were mailed to the central
laboratory (University Hospital of Aarhus). HbA1c was ana-
lysed by liquid chromatography (TOSOH A1c 2.2; TOSOH/
Eurogenetics, Stuttgart, Germany). The Hitachi 971 system
(Roche Diagnostics, Mannheim, Germany) was used to
measure total serum cholesterol, serum HDL-cholesterol
and serum triacylglycerol by enzymatic test. Serum LDL-
cholesterol was calculated using Friedewald’s formula [20].

Ethical permission The study complied with the Helsinki
Declaration and was approved by the local scientific ethics
committee in Aarhus (no. 20000183). All participants gave
written informed consent.

Definitions Glucose tolerance was classified by the WHO
(1999) definition using fasting (FBG) and 2 h capillary
whole blood glucose (2hBG) [21]. Hence, the definition of
IFG corresponds to that of isolated IFG (5.6 mmol/l ≤ FBG
< 6.1 mmol/l and 2hBG < 7.8 mmol/l), whereas IGT
included isolated IGT and combined IFG and IGT (FBG <

6.1 mmol/l and 7.8 mmol/l ≤ 2hBG < 11.1 mmol/l).
Incident diabetes was defined as one diabetic value of FBG
(≥ 6.1 mmol/l) or 2hBG (≥ 11.1 mmol/l).

Statistical analyses Differences in risk factor levels between
screening and last follow-up are given as follow-up value
minus screening value. Continuous variables within groups
were compared with two-sided paired t test and categorical
variables with χ2 test. Cumulative risks, progression rates
and rate ratios (RR) of progression to diabetes were estimated
with a regression model using interval censoring [22, 23];
this model is implemented in the EPI package [24] in R
[25]. An approximation of person-years used in the model
is: person-years (py) = (last known non-diabetes date −
screening date) + (conversion date − last known non-diabetes
date)/2. Analyses were performed for IFG and IGT separately.

Incidence model Progression rates were estimated in inter-
vals of observation years as follows: 0 to 1.5; <1.5; and the
total observation period. These intervals include the delay
between receipt of an invitation to a general practitioner
consultation and the actual appointment. Most visits were
made within 2 months.

1,821
IFG or IGT at screening

Population in 
analyses of 
incidence and 
baseline 
determinants

22 Died
27 Severe illness/alcoholism
36 Moved to non-ADDITION GP
14 GP stopped

Population in 
analyses of 
changes in 
risk factor 
levels

243 Diabetes at previous 
follow-up visit

212 Loss to follow-up
of these:

77 Wanted to stop

396 Loss to follow-up
of these:

121 Wanted to stop

1,510
Glucose 
measurements at 
follow-up

1,002
Extended data 
available in addition 
to glucose 
measurements at 
follow-up

33 Died
43 Severe illness/alcoholism
75 Moved to non-ADDITION GP
29 GP stopped

1,722 1,398

99

243

180

212 396

Fig. 1 Attendance at the follow-
up visits of individuals with IFG
or IGT in the ADDITION study,
Denmark. Fasting and 2hBG
were measured at all follow-up
visits. The 3-year visit (or at
study-end for those more recent-
ly screened) was extended to
include anthropometric mea-
surements, blood samples and a
questionnaire with focus on
changes in lifestyle since screen-
ing. GP stopped: individuals
attending general practitioners
who stopped participation in the
ADDITION study or were
unable to do OGTT
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Baseline determinant model Screening variables (age, sex,
BMI, known hypertension, family history of diabetes,
physical inactivity, RBG and HbA1c) were included in the
model. The model was therefore based on prognostic factors
from the screening steps upon which the individuals were
selected. Gestational diabetes was not included due to too
few exposed individuals. Additional baseline determinants
added separately in the model were: FBG, 2hBG, waist
circumference, WHR, systolic and diastolic blood pressure,
total cholesterol, HDL- and LDL-cholesterol, loge(triacyl-
glycerol), smoking and previous myocardial infarction.
These separate analyses of additional variables were thus
adjusted for the prognostic factors from the screening steps.
Additional variables with p≤0.20 were included in a
stepwise backward elimination procedure, where the screen-
ing variables were not eliminated. A value of p<0.05 was
considered significant in the final model.

Time-dependent change-determinant models Effect of
changes between screening and follow-up was tested with
the difference of a covariate divided by the time from
screening to follow-up. Each change covariate was analysed
separately adjusted for age, sex and baseline value of the
covariate. The covariates tested were: (1) decreased: weight,
systolic blood pressure, total cholesterol, LDL-cholesterol,
triacylglycerol, smoking, physical inactivity, total food intake
and intake of sugar, fat, meat and alcohol; (2) increased: HDL-
cholesterol, intake of vegetables, fruits and fish, and addition
of blood pressure- and cholesterol-lowering medication.

Results

Of the persons eligible for follow-up, 88% (1,510/1,722)
attended at least one follow-up visit (Fig. 1). The 3-year
visit, or the end of study visit if not followed for 3 years,

was conducted as an extended visit and 72% (1,002/1,398)
of those eligible for these visits attended. Of the attendees
at follow-up, 25% were daily smokers and 80% had stated
low physical activity at screening, compared with 37% (p<
0.001) and 89% (p<000.1), respectively, for non-attendees.
No significant difference in screening values for age, sex,
BMI, systolic blood pressure and total cholesterol was seen
between attendees at follow-up and non-attendees.

There were 442 incident diabetes cases. Progression
rates to diabetes were 11.8 and 17.0 per 100 person-years
for IFG and IGT, respectively (Table 1), which corresponds
to cumulative risks of 32 and 41% (Fig. 2). Progression
rates were remarkably higher in the first year than in the
rest of the observation period. Separating IGT into isolated
IGT and combined IFG and IGT, we found the following
progression rates for isolated IFG, isolated IGT and com-
bined IFG and IGT, respectively: observation years 0–1.5:
16.0 (95% CI, 13.1–19.0), 15.7 (12.6–18.9) and 38.2 (31.4–
45.1); observation years <1.5 years: 6.1 (4.0–8.2), 6.3 (4.0–
8.6) and 9.6 (5.4–13.9); and total period: 11.8 (9.9–13.8),
11.8 (9.7–13.9) and 27 (22.5–31.7) per 100 person-years.

In the baseline determinant model with eight screening
variables, the following significant associations were found
between incident diabetes and IFG: BMI (per kg/m2: RR=
1.05, p=0.005), physical inactivity (yes vs no: RR=1.68,
p=0.025) and HbA1c (per 0.5%: RR=1.59, p<0.001).
Significant associations between incident diabetes and IGT
were: BMI (per kg/m2: RR=1.03, p=0.022), known
hypertension (yes vs no: RR=1.33, p=0.040), RBG (per
0.5 mmol/l: RR=1.09, p<0.001) and HbA1c (per 0.5%: RR=
1.36, p<0.001). When including 2hBG in the IFG model
and FBG in the IGT model, effects of physical inactivity and
both BMI and RBG, respectively, became statistically
insignificant (Table 2). Separating IGT into isolated IGT
and combined IFG and IGT, respectively, affected the
estimates from FBG, 2hBG and triacylglycerol. From the
separate analyses adjusted for screening variables, these

Table 1 Baseline characteris-
tics and progression rates from
IFG and IGT (WHO 1999
[21]) to diabetes

Unless otherwise indicated,
data are means±SD or per-
centage (95% CI)
a Geometric mean (coefficient
of variation)
bMedian (interquartile range);
person-years = (last known
non-diabetes date − screening
date) + (conversion date − last
known non-diabetes date)/2

IFG IGT

Baseline characteristics
N 607 903
Sex, % women (n) 43 (260) 56 (504)
Age (years) 59.9±6.3 61.2±6.6
BMI (kg/m2) 29.1±4.7 29.6±5.0
Systolic blood pressure (mmHg) 140±18 142±18
Total cholesterol (mmol/l) 5.7±1.0 5.9±1.1
Triacylglycerol (mmol/l)a 1.2 (0.5) 1.4 (0.5)

Progression rates (cases per 100 person-years)
Observation period: 0–1.5 years 16.0 (13.1–19.0) 23.8 (20.7–26.9)
Observation period: >1.5 years 6.1 (4.0–8.2) 7.2 (5.2–9.3)
Total observation period 11.8 (9.9–13.8) 17.0 (14.9–19.1)

Median follow-up time (person-years)b 2.5 (1.3–3.0) 2.1 (0.7–2.9)
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estimates were: FBG RR 1.92 (95% CI, 1.16–3.19) and 3.78
(2.17–6.58), 2hBG 1.40 (1.27–1.54) and 1.16 (1.06–1.27),
and triacylglycerol 1.69 (1.07–2.65) and 0.94 (0.61–1.46) for
isolated IGT and combined IFG and IGT, respectively.

Table 3 shows changes in risk factor levels and estimated
RR of progression from IFG and IGT to diabetes. The
analyses presented were made on the complete dataset for
all variables tested (n=498). The number of observations
was considerably reduced. The same analyses were there-
fore conducted on separate datasets including only the
variables in the respective analyses (n≥823) (not shown).
Analyses on the complete dataset reached statistical signif-
icance more frequently. Point estimates for triacylglycerol
and HDL-cholesterol were reduced in the analyses performed
on separate datasets, whereas the confidence intervals in
the two strategies overlapped, indicating that there was no
statistical difference between the estimates.

Discussion

This high-risk screened population with isolated IFG and
IGT identified in general practice had a cumulative risk of
32 and 41% respectively of developing diabetes within
3.5 years. Progression rates were particularly high in the
first year (about 20 per 100 person-years) and remained
high in both groups. Higher levels of any glucose measures
were seen to independently determine progression. Addi-
tional determinants of progression in the isolated IFG group
were BMI and triacylglycerol. In the IGT group, known
hypertension increased the risk by almost 50% compared
with participants without known hypertension. In compari-

Table 2 Baseline determinants
of progression from IFG and
IGT (WHO, 1999 [21]) to
diabetes

BG Blood glucose
a Separate analyses of additional
variables adjusted for screening
variables
b Final model after backward
elimination procedure for addi-
tional variables, where those
significant at p<0.05 are shown
c Triacylglycerol was not signif-
icantly associated with progres-
sion in the IGT group in the final
model
d p<0.05
e p<0.01
f p<0.001

Risk factor by variables IFG RR (95% CI) IGT RR (95% CI)

Separate analyses of additional variablesa

Fasting BG (per 0.5 mmol/l) 3.45 (2.58–4.63)e 1.67 (1.45–1.92)e

2hBG (per 0.5 mmol/l) 1.13 (1.03–1.23)d 1.27 (1.19–1.36)e

Waist (per cm) 1.02 (0.99–1.05) 1.00 (0.98–1.02)
Systolic blood pressure (per mmHg) 1.01 (1.00–1.02)d 1.00 (0.99–1.00)
Diastolic blood pressure (per mmHg) 1.02 (1.00–1.03) 1.00 (0.99–1.01)
Total cholesterol (per mmol/l) 1.33 (1.10–1.61)d 0.93 (0.82–1.05)
Triacylglycerol (per twofold increase) 2.10 (1.44–3–06)e 1.17 (0.86–1.60)
History of myocardial infarction (yes vs no) 1.36 (0.41–4.54) 1.33 (0.79–2.24)
Daily smoking (yes vs no) 1.52 (1.03–2.25)d 1.15 (0.84–1.59)

Final model: screening variablesb

Sex (men vs women) 1.03 (0.6 –1.52) 0.79 (0.60–1.04)
Age (per 5 years) 1.08 (0.93–1.26) 0.99 (0.89–1.09)
BMI (per kg/m2) 1.04 (1.01–1.08)d 1.02 (0.99–1.05)
Known hypertension (yes vs no) 1.02 (0.70–1.49) 1.46 (1.11–1.93)e

Family history of diabetes (yes vs no) 1.15 (0.78–1.70) 1.17 (0.88–1.55)
Physical inactivity (yes vs no) 1.54 (0.97–2.47) 1.14 (0.79–1.64)
Random BG (per 0.5 mmol/l) 0.98 (0.90–1.07) 1.04 (0.99–1.10)
HbA1c (per 0.5%) 1.40 (1.09–1.80)e 1.23 (1.08–1.47)e

Final model: additional variablesb

Fasting BG (per 0.5 mmol/l) 3.19 (2.33–4.37)f 1.65 (1.43–1.92)f

2hBG (per 0.5 mmol/l) 1.10 (1.00–1.21)d 1.26 (1.18–1.35)f

Triacylglycerol (per twofold increase)c 2.19 (1.49–3.22)f –

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
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Fig. 2 Estimated cumulative risk of progression from IFG or IGT to
diabetes in the high-risk screened population of the ADDITION study.
The curves are based on regression analyses using interval censoring.
Continuous lines, IGT and 95% CIs; dashed lines, IFG and 95% CIs.
Vertical line represents first-year visit
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son with stable weight and triacylglycerol, weight reduction
of 1 kg/year was associated, independently of baseline
weight, with about 20% reduced risk in both groups, while
a decrease in triacylglycerol reduced the risk of diabetes in
the IFG group. The effect of changes in lipid levels in
persons with IGTwas equivocal, as healthy changes in LDL-
and HDL-cholesterol had opposite effects on the risk of
diabetes. In individuals who started on cholesterol-lowering
medication the risk of diabetes more than doubled (in IFG
statistically insignificantly).

Attendees had a healthier lifestyle than non-attendees.
This may lead to an underestimation of the progression
rates. Nevertheless, attendees and non-attendees did not
differ concerning other major risk factors tested. Follow-up
rates were comparable with those in other studies of follow-
up [26–28]. Questionnaires were self-administered with risk
of recall bias. We believe that this is a minor concern for
interpretation of the results, as self-reported lifestyle changes
corresponded to objective measurement results in our study.
Analyses on time-dependent changes were done on a com-
plete but reduced dataset due to missing values. This affected
the size of the point estimates of changes in HDL-cholesterol
and triacylglycerol, although not statistically significantly.
For this reason, interpretation of the strength of these two
estimated RRs must be conservative.

We estimated progression rates with a regression analysis
using interval censoring [22, 23], which within small time
intervals calculates the possibility of a person developing
diabetes. As far as we are aware, interval censoring or how
person-years were calculated is described in only few publi-
cations on progression rates to diabetes [16, 29]. This may
indicate that the remaining studies [16, 26, 28, 30, 31]
underestimate the true progression rates because of conser-
vatively calculated risk times. We evaluated incident diabetes
epidemiologically by one FBG or 2hBG. Previously we
have shown that the diagnosis was confirmed in 62% of the
cases [1].

The main reason for the high progression rates found in
our study must be that the population was identified by a
high-risk approach using a questionnaire on diabetes status.
Prevention trials in IGT were also based on high-risk indi-
viduals, with progression rates in the control groups also
higher than those in population-based studies [2–5]. The
decline in progression rates after the first year may reflect
the possibility that many of the individuals were close to the
diabetic threshold at the time of screening.

In our study, categorisation was based on theWHO (1999)
definition [20]. Both FBG and 2hBG were required. In
accordance with clinical practice and national guidelines,
the definition of IFG was based on isolated FBG elevation

Table 3 Time-dependent changes in risk factors as determinants of progression from IFG and IGT (WHO 1999 [21]) to diabetes in separate
analyses

Risk factor IFG IGT

Change from
screening

RR (95% CI) Change from
screening

RR (95% CI)

Weight (RR: per decreased kg/year)a 0.10 (−0.41, 0.60) 0.81 (0.66, 0.98)c −0.84 (−1.23, −0.46)e 0.80 (0.67, 0.96)c

Systolic BP (RR: per decreased 5 mmHg/year)a −3.7 (−5.3, −2.1)e 1.25 (0.91, 1.71) −3.3 (−4.8, −1.71)e 0.92 (0.72, 1.16)
Total cholesterol (RR: per decreased
mmol l−1 year−1)a

−0.09 (−0.17, −0.00)c 1.33 (0.46, 3.85) −0.24 (−0.33, −0.15)e 3.80 (1.65, 8.74)d

HDL-cholesterol (RR: per increased
mmol l−1 year−1)a

0.02 (−0.00, 0.05) 0.74 (0.01, 37.18) 0.07 (0.04, 0.09)e 0.02 (0.00, 0.80)c

LDL-cholesterol (RR: per decreased
mmol l−1 year−1)a

−0.13 (−0.2, −0.06)e 2.11 (0.86, 7.18) −0.29 (−0.37, −0.21)e 3.72 (1.34, 10.31)c

Triacylglycerol (RR: per decreased
mmol l−1 year−1)a

0.07 (−0.01, 0.15) 0.08 (0.01, 0.51)d −0.05 (−0.11, −0.00) c 1.12 (0.27, 4.60)

Added BP medication (RR: yes vs no)b 16.6 (13.0, 20.8) 1.69 (0.69, 4.12) 20.6 (17.1, 24.6) 1.68 (0.85, 3.33)
Added cholesterol medication (RR: yes vs no)b 9.7 (6.9, 13.1) 2.13 (0.74, 6.10) 19.0 (15.6, 22.8) 2.79 (1.44, 5.40)d

More physical active (RR: yes vs no)b 24.4 (20.4, 28.9) 1.63 (0.83, 3.21) 28.9 (25.1, 33.0) 1.09 (0.60, 1.97)
Less total food intake (RR: yes vs no)b 22.0 (18.1, 26.2) 1.11 (0.51, 2.44) 34.9 (30.9, 39.1) 1.21 (0.68, 2.14)
Less smoking (RR: yes vs no)b 10.3 (7.3, 13.9) 0.54 (0.18, 1.16) 9.8 (7.3, 12.9) 2.60 (1.00, 6.76)

Due to missing data, n=498. Rate ratios (RR) are adjusted for age, sex and baseline value of the covariate (except for total food intake). The
following age and sex-adjusted RRs in other variables tested were statistically insignificant: intake of sugar, fat, meat, alcohol, vegetables, fruits
and fish
aMean (95% CI)
b Percentage (95% CI)
c p<0.05
d p<0.01
e p<0.001
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and IGT on 2hBG regardless of FBG. When categorisations
are based on FBG alone, the 2hBG value is elevated in an
unknown proportion of individuals with IFG. Because the
definition or method of diagnosis used vary between coun-
tries, we also separated the IGT group into isolated IGT and
combined IFG and IGT. Progression rates for isolated IGT
were similar to those for isolated IFG and progression rates
for the combined IFG and IGT group were higher in each
observation period.

Fewer determinants of progression were identified in the
IGT group than in population-based studies, where most
consistently the following were identified: higher levels of
blood glucose (HbA1c, FBG, 2hBG), obesity (BMI and
WHR), known hypertension and ethnicity [12, 13, 15].
However, the Hoorn study only found 2hBG and fasting
proinsulin to be predictors of progression [14]. After adding
FBG to the model, the association with BMI in our study
became insignificant.

Our study is the first to report on determinants of
progression from isolated IFG to diabetes. Higher levels of
glucose measures, BMI and triacylglycerol were associated
with progression in the final model. These determinants
were also among those found in a study of progression
from incident IFG, though not excluding IGT [16].

Determinants of progression to diabetes may differ
between glucose intolerance categories as the physiology of
isolated IFG differs from that of isolated IGT [32]. The
baseline determinant analyses for the two groups of isolated
IGT and combined IFG and IGT emphasised the effects of
glucose measures in the risk of developing diabetes. In
parallel with the analyses in IFG, increasing levels of
triacylglycerol increased the risk of diabetes in the isolated
IGT group, but not in the combined IFG and IGT group.

We assessed physical activity by the risk questionnaire,
classifying individuals crudely as having high or low physical
activity. The majority of participants was physically inactive
and physical inactivity was not associated with progression
from IGT (or from isolated IGT). More extensive question-
naires have shown an inverse association between physical
activity and risk of progressing from IGT to diabetes[33].
The effect of physical inactivity became insignificant in the
IFG group after adding 2hBG to the model, which may
reflect the possibility that physical activity and 2hBG are
associated due to physiological mechanisms in peripheral
insulin sensitivity [34].

Hence, in this high-risk screened population prediction
of progression from IFG or IGT to diabetes could be based
on few baseline determinants. It appears that the more rapid
the progression to diabetes, the fewer the risk factors that
contribute to determining this progression. For example, the
combined IFG and IGT group had the highest progression
rate, yet the fewest determinants for progression were
identified in this group. These individuals were at such high

risk that the metabolic state must have been close to the
diabetic threshold.

The high progression rates within a short time in our
high-risk population may not have left time for changes in
risk factor levels to affect the development of diabetes.
Notwithstanding this, we showed that in individuals with
IFG or IGT, even small weight reductions reduced the risk
of developing diabetes compared with no reduction (stable
weight). However, a short-term study, not stating baseline
glucose tolerance, did not find a beneficial effect of weight
reduction [35], whereas a lifestyle intervention study in IGT
supports our findings, as risk reduction was 16% per kg of
reduced weight [36]. Furthermore, weight change as a
continuous covariate increased the risk of diabetes from
maximum weight loss to maximum weight gain in a study
with unknown baseline glucose tolerance status [37].

Based on the effect of self-report of added medication
and change in cholesterol levels, the need for cholesterol-
modifying medication seemed to increase the risk of diabetes
compared with being untreated, this being particularly so in
individuals with IGT. These effects may be interpreted as
effects of confounding by indication. Individuals receiving
treatment and improving the lipid profile may in a way have
a worse overall risk profile. We therefore do not conclude
that treating dyslipidaemia was a risk factor. By contrast,
i.e. in the IFG group, we found that decreasing levels of
triacylglycerol reduced the risk of diabetes. Lifestyle changes
are associated with changes in triacylglycerol [38]. Yet,
decreasing triacylglycerol independently reduced the risk of
diabetes in our study, when adjusted for change in alcohol
consumption or weight change (not shown). Another obser-
vational study has shown that decreases in triacylglycerol
decreased the risk of coronary heart disease, independently
of several lifestyle changes and medication, when compared
with stable high triacylglycerol [38]. Based on our results,
future studies may look further into the degree to which
changes in triacylglycerol determine progression to diabetes,
as we were unable to sufficiently adjust for lifestyle changes.

Based on the high cumulative risk of diabetes within
3.5 years in this study in very high-risk individuals, it could
be argued that prediction of progression to diabetes is
meaningless. The decline in progression rates after the first
year indicates that some individuals progress more rapidly
than others and therefore prediction of rapid vs slow
progression from IFG and IGT to diabetes would make
more sense in this setting, with regard to risk assessment
and prevention. We look forward to evaluating this issue in
a future paper.

In conclusion, individuals with IFG or IGT identified
through high-risk strategies have a very high risk of devel-
oping diabetes within the first 3.5 years and this is most
pronounced in first year of follow-up. We found that in
addition to higher levels of glucose measures special attention
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is indicated by the presence of larger BMI, known hyperten-
sion and hypertriacylglycerolaemia. These risk factors can be
readily assessed by general practitioners. Risk assessment
and preventive initiatives can and should thus be performed at
the time of identification. As weight loss of 1 kg per year or
reduction of hypertriacylglycerolaemia markedly reduced the
risk of diabetes compared with stable conditions, diabetes is
potentially preventable in white, high-risk screened individ-
uals with IFG or IGT in general practice.
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