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Risk of Cardiovascular and All-Cause Mortality in
Individuals With Diabetes Mellitus, Impaired Fasting

Glucose, and Impaired Glucose Tolerance
The Australian Diabetes, Obesity, and Lifestyle Study (AusDiab)

Elizabeth L.M. Barr, MPH; Paul Z. Zimmet, PhD; Timothy A. Welborn, PhD; Damien Jolley, MSc;
Dianna J. Magliano, PhD; David W. Dunstan, PhD; Adrian J. Cameron, MPH; Terry Dwyer, MD;

Hugh R. Taylor, MD; Andrew M. Tonkin, MD; Tien Y. Wong, PhD;
John McNeil, PhD; Jonathan E. Shaw, MD

Background—Diabetes mellitus increases the risk of cardiovascular disease (CVD) and all-cause mortality. The relationship
between milder elevations of blood glucose and mortality is less clear. This study investigated whether impaired fasting
glucose and impaired glucose tolerance, as well as diabetes mellitus, increase the risk of all-cause and CVD mortality.

Methods and Results—In 1999 to 2000, glucose tolerance status was determined in 10 428 participants of the Australian
Diabetes, Obesity, and Lifestyle Study (AusDiab). After a median follow-up of 5.2 years, 298 deaths occurred (88 CVD
deaths). Compared with those with normal glucose tolerance, the adjusted all-cause mortality hazard ratios (HRs) and
95% confidence intervals (CIs) for known diabetes mellitus and newly diagnosed diabetes mellitus were 2.3 (1.6 to 3.2)
and 1.3 (0.9 to 2.0), respectively. The risk of death was also increased in those with impaired fasting glucose (HR 1.6,
95% CI 1.0 to 2.4) and impaired glucose tolerance (HR 1.5, 95% CI 1.1 to 2.0). Sixty-five percent of all those who died
of CVD had known diabetes mellitus, newly diagnosed diabetes mellitus, impaired fasting glucose, or impaired glucose
tolerance at baseline. Known diabetes mellitus (HR 2.6, 95% CI 1.4 to 4.7) and impaired fasting glucose (HR 2.5, 95%
CI 1.2 to 5.1) were independent predictors for CVD mortality after adjustment for age, sex, and other traditional CVD
risk factors, but impaired glucose tolerance was not (HR 1.2, 95% CI 0.7 to 2.2).

Conclusions—This study emphasizes the strong association between abnormal glucose metabolism and mortality, and it
suggests that this condition contributes to a large number of CVD deaths in the general population. CVD prevention may
be warranted in people with all categories of abnormal glucose metabolism. (Circulation. 2007;116:151-157.)
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It is well established that diabetes mellitus increases the risk
of all-cause and cardiovascular disease (CVD) mortality1–7

and that this relationship is independent of traditional cardio-
vascular risk factors.8–10 Recognition is now growing that
even nondiabetic levels of hyperglycemia, as observed in
impaired fasting glucose (IFG) and impaired glucose toler-
ance (IGT), may also be associated with an elevated risk of
CVD and premature mortality.11,12

Clinical Perspective p 157
Evidence for the relationships between IFG, IGT, and all-

cause and CVD mortality is primarily derived from a series of
large meta-analyses9,10,13; however, several reasons exist to be
cautious about interpreting these findings. First, the component

studies used different blood sample types (eg, whole blood and
plasma) and different glucose assays.9,10,13 Second, some studies
did not fully adjust for concomitant CVD risk factors.13 Third,
these analyses may have limited relevance to contemporary
populations, because baseline data were collected up to 20 years
ago.9,10,13 The Australian Diabetes, Obesity, and Lifestyle Study
(AusDiab) is a recently conducted national, population-based
study of 11 247 adults that provides an opportunity to investigate
the contribution of different categories of abnormal glucose
metabolism to the risk of all-cause and CVD mortality.

Methods
Baseline measurements for the AusDiab survey were collected in
1999 to 2000 on 11 247 noninstitutionalized people aged �25 years.
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Methods and response rates have been described previously.14

Briefly, people were recruited from 42 randomly selected urban and
nonurban Census Collector Districts, 6 in each of the states and the
Northern Territory of Australia. Of the 20 347 eligible people who
completed a household interview, 11 247 (55.3%) attended a bio-
medical examination. Compared with nonresponders, responders to
the biomedical examination were equally likely to report “ever being
told they had diabetes” (6.2% [95% confidence interval {CI} 5.2% to
7.1%] versus 6.4% [95% CI 5.7% to 7.1%]) but were more likely to
have “suspected they had diabetes” (0.5% [95% CI 0.4% to 0.7%]
versus 1.5% [95% CI 1.3% to 1.7%]). Data on age, sex, use of
antihypertensive and lipid-lowering medications, previous CVD
(angina, coronary heart disease, or stroke), and smoking were
collected by interviewer-administered questionnaires. Measurements
included blood pressure,15 anthropometrics,16 and a fasting (�9
hours) blood sample. All participants, except for pregnant women
and people taking hypoglycemic medication, underwent a 75-g oral
glucose tolerance test. Fasting plasma glucose (FPG), 2-hour plasma
glucose (2-hour PG), fasting serum total cholesterol, triglycerides,
and high-density lipoprotein cholesterol were measured with an
Olympus AU600 analyzer (Olympus Optical, Tokyo, Japan). All
specimens were analyzed at a central laboratory.

Categories of abnormal glucose metabolism were determined
according to the 1999 World Health Organization criteria.17 Partic-
ipants were classified as having known diabetes mellitus (KDM) if
they reported having physician-diagnosed diabetes mellitus and were
either taking hypoglycemic medication or had FPG �7.0 mmol/L or
2-hour PG �11.1 mmol/L. Participants not reporting having diabetes
mellitus but who had FPG �7.0 mmol/L or 2-hour PG
�11.1 mmol/L were classified as having newly diagnosed diabetes
mellitus (NDM). Of those classified as having KDM at baseline,
92% had type 2 diabetes mellitus. The results for participants with
type 1 and type 2 diabetes mellitus were pooled for the present
analysis. Participants determined not to have diabetes mellitus were
classified as having either IFG (FPG �6.1 and �7.0 mmol/L with
2-hour PG �7.8 mmol/L), IGT (2-hour PG �7.8 and �11.1 mmol/L
with FPG �7.0 mmol/L), or normal glucose tolerance (NGT; FPG
�6.1 mmol/L and 2-hour PG �7.8 mmol/L).

Mortality status and underlying and contributory causes of death
were determined by linking the AusDiab cohort to the Australian
National Death Index (NDI). Name, sex, date of birth, state, date of
last contact, and date of death (if available) were used to match
participants to the NDI. The accuracy of the NDI for ascertainment
of CVD deaths and vital status has been established previously.18

Only high-level matches were accepted as confirmed deaths, and
wherever possible, deaths were confirmed by direct communication
with the decedent’s family. People who were not matched to the NDI
were assumed to be alive. Deaths were attributed to CVD if the
underlying cause of death was coded I10-I25, I46.1, I48, I50-I99, or
R96 according to the 2006 International Classification of Diseases
10th revision (ICD-10). In addition, participants with uncomplicated
diabetes mellitus (ICD-10 codes E109, E119, or E149) or unspeci-
fied hyperlipidemia (ICD-10 code E785) as an underlying cause of
death on the death certificate were attributed a CVD death (n�4) if
any of the CVD codes (I10-I25, I46.1, I48, I50-I99 or R96) were
recorded in the first position on the death certificate. Written
informed consent was obtained from all participants, and ethical
approval was provided by the International Diabetes Institute Ethics
Committee and the Standing Committee on Ethics in Research
Involving Humans, Monash University, and for matching to the NDI,
by the Australian Institute of Health and Welfare Ethics Committee.

Statistical Analysis
To test differences in means and proportions for baseline character-
istics between the NGT, IFG, IGT, NDM, and KDM groups, 1-way
ANOVA or Kruskal-Wallis tests and �2 analyses were used, respec-
tively. The follow-up period for all-cause mortality was up to the
date of death or June 1, 2005, whichever occurred first. Because
cause-of-death information was not available from the NDI for the
same follow-up period as vital status data, the period of follow-up for
CVD mortality and non-CVD mortality was up to the date of death

or December 12, 2004. Incidence of all-cause mortality and CVD
mortality was plotted with one minus Kaplan-Meier failure function.
Cox proportional hazards regression was used to estimate unadjusted
and adjusted all-cause and CVD mortality hazard ratios (HRs) and
95% confidence intervals (CIs) for KDM, NDM, IGT, and IFG
compared with NGT. Stratified analyses according to sex were
conducted for all-cause mortality but not CVD mortality because of
the smaller number of CVD deaths. Deaths due to non-CVD causes
are a competing risk for CVD mortality, and therefore we also
investigated the risk (HR and 95% CI) of non-CVD mortality for the
groups with different abnormalities of glucose tolerance compared
with NGT. Variables significant in univariate analysis at the 25%
level were entered into the multivariate model. In addition, other
variables known to be confounders were included in the model.
Multicollinearity between covariates was examined by calculating
the mean and individual covariate variance inflation factors. None of
the individual covariate variance inflation factors were greater than
2, and the mean variance inflation factors for all covariates included
in the all-cause and CVD mortality models were 1.25 and 1.22,
respectively. For all-cause mortality, we controlled for age, sex,
previous CVD (angina, coronary heart disease, or stroke), smoking
(including current or ex-smokers), hypertension (blood pressure
�140/90 mm Hg or antihypertensive medication use), waist circum-
ference, lipid-lowering medication use, and total cholesterol:high-
density lipoprotein cholesterol ratio. For CVD mortality, we con-
trolled for the same covariates, except diastolic blood pressure was
included rather than hypertension because it showed a stronger
relationship with CVD mortality. For non-CVD mortality, we
controlled for age, sex, smoking, waist:hip ratio, and previous CVD.
The contribution of each covariate to the model was tested by �2

log-likelihood analysis. The assumptions required for proportional
hazards were met, and these were assessed with graphs of log-log
plots of the relative hazards by time and scaled Schoenfeld residuals.
Analyses were conducted with SPSS version 14.0 (SPSS, Chicago,
Ill) and Stata Statistical Software version 9.2 (StataCorp, College
Station, Tex).

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results
Baseline Characteristics According to Categories
of Abnormal Glucose Metabolism
The AusDiab study comprises 11 247 participants. These
analyses are based on 10 428 participants (93%) who had
complete data for the variables under investigation. Table 1
shows that compared to those with NGT, the other categories
of abnormal glucose metabolism (ie, IFG, IGT, NDM, and
KDM) generally had worse risk factor profiles.

All-Cause and CVD Mortality
Over a median follow-up of 5.2 years, 298 deaths occurred
(180 in males), which represents an all-cause mortality rate of
5.5 per 1000 person-years. Of those who had KDM, 11.8%
had died within the follow-up period. By comparison, 6.2%
who had NDM, 5.2% who had IGT, 3.9% who had IFG, and
1.7% who had NGT at baseline had died. For women, the
proportions of those deceased were 9.8%, 5.6%, 4.2%, 3.2%,
and 1.1%, and for men, the proportions were 13.4%, 6.9%,
6.6%, 4.3%, and 2.5% for KDM, NDM, IGT, IFG, and NGT,
respectively. Figure 1 shows the unadjusted all-cause mortal-
ity HR (95% CI) for IFG, IGT, NDM, and KDM compared
with NGT according to baseline age. In those aged 25 to 44
years, no deaths occurred among those with NDM or KDM,
and although the risk of death was elevated in IFG and IGT,
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the CIs were wide owing to the small number of deaths in this
age group. In those aged 45 to 65 years, the risk of all-cause
mortality increased steadily across the glucose tolerance
categories. In people aged �65 years, the pattern was less
consistent, but the risk of death was highest in those with
KDM (HR 2.6, 95% CI 1.8 to 3.7). Similar patterns remained
after adjustment for sex and previous CVD at baseline (data
not shown).

Cause-specific mortality was available for 260 of the 298
deaths over a median follow-up period of 4.7 years. Eighty-
eight deaths (33.8%) were due to CVD (58.0% of CVD
deaths were due to coronary heart disease, 30.7% to cerebro-
vascular disease, and 11.4% to other CVD). Sixty-five
percent (57/88) of all CVD deaths occurred in people with
abnormal glucose metabolism at baseline.

The unadjusted cumulative incidence of all-cause mortality
(Figure 2A) and CVD mortality (Figure 2B) for NGT, IFG,
IGT, NDM, and KDM is outlined in Figure 2. Table 2 shows
the adjusted HR (95% CI) for IFG, IGT, NDM, and KDM
compared with NGT. The risk of total and CVD mortality
was increased for all categories of abnormal glucose metab-
olism, although this was not significant for NDM for all-
cause and CVD mortality or for IGT for CVD mortality.
When stratified by sex, the risk of all-cause mortality for IFG,
IGT, NDM, and KDM compared with NGT was similar for
men and women (data not shown). However, because strati-
fication by sex decreased the statistical power for the analy-
ses, for women, only IGT (HR�1.7, 95% CI 1.1 to 2.8) and
KDM (HR�2.5, 95% CI 1.4 to 4.3) and for men, only KDM
(HR�2.1, 95% CI 1.3 to 3.2) remained significant predictors
of all-cause mortality after controlling for other covariates.

Noncardiovascular Mortality
Of the 260 participants for whom cause-specific mortality
data were available, 172 (66.2%) were classified as non-CVD

deaths, of which 102 (59.3%) were attributed to malignant
neoplasm (ICD-10 codes C00–C97). Compared with NGT,
the HRs (95% CIs) for non-CVD mortality were 2.3 (1.5 to
3.6) for KDM, 1.0 (0.5 to 1.9) for NDM, 1.6 (1.1 to 2.3) for
IGT, and 1.3 (0.7 to 2.3) for IFG, after adjustment for age and
sex. These associations remained unchanged after the inclu-
sion of smoking, waist:hip ratio, and previous CVD in the
model.

Discussion
The primary findings from this large, national, population-
based cohort study indicate that after adjustment for the
traditional CVD risk factors, the 5-year mortality from all
causes was significantly greater for KDM, IFG, and IGT than
for NGT. Persons with KDM had a mortality risk that was
more than 2 times greater than those with NGT, and those
with IGT and IFG had a 50% to 60% greater mortality risk.
The risk of CVD mortality was also significantly greater for
those with KDM and IFG, but not IGT, compared with NGT.
Finally, the importance of abnormal glucose metabolism to
the risk of CVD mortality is supported by the present finding
that 65% of all CVD deaths occurred in people with KDM,
NDM, IFG, or IGT at baseline.

Experimental studies have long indicated that abnormal
glucose metabolism increases the likelihood of macrovascu-
lar disease because it disrupts normal endothelial function,
accelerates atherosclerotic plaque formation, and contributes
to plaque rupture and subsequent thrombosis.19 In addition,
the risk attributed to other CVD risk factors such as hyper-
tension and dyslipidemia may be compounded by the pres-
ence of abnormal glucose metabolism.19

There have been many studies that have demonstrated that
diabetes mellitus is an important risk factor for both all-cause
and CVD mortality.1–7 The present finding of a strong

TABLE 1. Baseline Characteristics According to Categories of Abnormal Glucose Metabolism: the AusDiab Study

All NGT IFG IGT NDM KDM

N 10 428 7662 610 1298 433 425

Age, y 51.4 (14.2) 48.8 (13.6) 53.9 (12.6) 58.5 (13.8) 61.5 (13.0) 63.6 (11.8)

Male 4711 (45.2) 3310 (43.2) 423 (69.3) 528 (40.7) 219 (50.6) 231 (54.4)

Body mass index, kg/m2 27.0 (5.0) 26.2 (4.5) 28.7 (4.7) 28.7 (5.5) 30.0 (6.0) 30.0 (6.2)

Waist:hip ratio 0.87 (0.09) 0.85 (0.09) 0.92 (0.08) 0.89 (0.09) 0.92 (0.09) 0.93 (0.08)

Waist circumference, cm 90.9 (13.9) 88.4 (13.0) 98.3 (12.3) 95.5 (13.7) 100.7 (14.7) 101.7 (14.6)

Systolic blood pressure, mm Hg 129.4 (18.7) 126.1 (17.3) 134.0 (17.1) 137.5 (19.3) 144.3 (19.3) 143.6 (20.8)

Diastolic blood pressure, mm Hg 70.2 (11.8) 69.0 (11.4) 74.1 (11.3) 72.3 (12.1) 75.5 (12.7) 73.5 (12.0)

Hypertension* 3388 (32.5) 1844 (24.1) 262 (43.0) 687 (52.9) 297 (68.6) 298 (70.1)

TC, mmol/L 5.66 (1.07) 5.60 (1.05) 5.90 (1.09) 5.87 (1.08) 5.94 (1.11) 5.41 (0.96)

HDL cholesterol, mmol/L 1.42 (0.38) 1.45 (0.38) 1.31 (0.35) 1.40 (0.39) 1.30 (0.39) 1.26 (0.36)

Triglycerides, mmol/L 1.28 (0.89, 1.90) 1.17 (0.81, 1.70) 1.55 (1.05, 2.24) 1.60 (1.10, 2.28) 1.90 (1.30, 2.90) 1.77 (1.20, 2.54)

Lipid-lowering medication use 902 (8.6) 440 (5.7) 80 (13.1) 159 (12.2) 71 (16.4) 152 (35.8)

Previously reported CVD† 845 (8.1) 443 (5.8) 67 (11.0) 143 (11.0) 70 (16.2) 122 (28.7)

Smoker‡ 4706 (45.1) 3356 (43.8) 327 (53.6) 577 (44.5) 206 (47.6) 240 (56.5)

Data are mean (SD), n (%), or median (25th, 75th percentile). Significant differences (P�0.001) between categories of abnormal glucose metabolism were observed
for all baseline characteristics. TC indicates total cholesterol.

*Hypertension defined as blood pressure �140/90 mm Hg or use of antihypertensive medication.
†CVD defined as previously reported angina, coronary heart disease, or stroke.
‡Smoker defined as either current or ex-smoker.
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association between KDM and mortality is consistent with
these data. However, we did not find a significant association
between NDM and all-cause or CVD mortality, although after
adjustment for known risk factors, NDM was associated with
a 30% increased risk (HR 1.3, 95% CI 0.9 to 2.0) for all-cause
mortality, and an 80% increased risk (HR 1.8, 95% CI 0.9 to
3.6) for CVD mortality. This may have been due to the
relatively small number of deaths among those in the NDM
group (n�27) over the 5-year follow-up period. Even though
risk is greater in those who have been diagnosed with
diabetes mellitus for a longer period of time, other longer-
term studies have reported that people identified with NDM
are also at significantly greater risk for both all-cause and
CVD mortality.8,9,20

Fewer studies have investigated the impact of IGT and IFG
on all-cause and CVD mortality,2,8,20–23 with most of the
evidence derived from large meta-analyses that combined
results from a number of diverse populations (occupation-
and population-based samples).9,10,13 The DECODE (Diabe-
tes Epidemiology: Collaborative analysis Of Diagnostic cri-
teria in Europe) and DECODA (Diabetes Epidemiology:
Collaborative analysis Of Diagnostic criteria in Asia) meta-
analyses reported that IGT, not IFG, was a strong predictor of
all-cause and CVD mortality, independent of fasting blood
glucose.9,10 In contrast, Coutinho et al13 demonstrated that the
threshold value for IFG (fasting glucose �6.1 mmol/L) was
significantly associated with fatal and nonfatal CVD events.

The present study now adds to these observations. We
showed that not only is IGT associated with all-cause
mortality, but IFG appears also to be an independent predictor
of all-cause mortality and CVD mortality. The differences
between the present study data and the DECODE and
DECODA analyses could reflect different study methods.
The DECODE and DECODA meta-analyses compared the
IFG group with people without IFG, whereas the comparison
group in the present study consisted of people who had both
“normal” FPG (�6.1 mmol/L) and 2-hour PG
(�7.8 mmol/L) values, which allowed better discrimination
of mortality risk between those with IFG and NGT. Further-
more, these meta-analyses relied on different blood glucose
samples (eg, whole blood and plasma) and analyzed the
glucose measurements with different assays. This meant that
glucose values obtained from whole blood had to be manip-
ulated statistically before the results were pooled with the
plasma glucose results. Consequently, this could have influ-
enced the precision of the results reported in the studies. The
AusDiab study used a single assay to analyze all plasma
glucose samples, and analyses were performed in a central
laboratory according to standardized criteria.

In contrast with the findings from DECODE,9 DECODA,10

and Coutinho et al13 that showed a significant positive
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relationship between IGT and CVD mortality, we found that
IGT was only a significant predictor for all-cause mortality,
not for CVD mortality. This may be largely explained by our
observation that IGT was significantly associated with non-
CVD mortality. Although our ability to investigate the
specific non-CVD causes of death was limited by inadequate
sample size, it is possible to infer that in the present study
cohort, IGT may increase the risk of cancer mortality,
because the underlying cause for the majority (59.3%) of
non-CVD deaths was attributable to malignant neoplasm.
This concurs with the findings reported by other stud-
ies.21,24,25 Other explanations include the possibility that the
effects of IGT on CVD mortality may be mediated by the
clustering of hypertension, dyslipidemia, and hyperglycemia
rather than by hyperglycemia per se, although the age- and
sex-adjusted CVD mortality rates also were not higher in
participants with IGT. Misclassification of IGT status due to
a single oral glucose tolerance test may also have led to
attenuation of an association of IGT and CVD mortality.

Previous data suggest that a significant proportion of the
population with IFG or IGT develops diabetes mellitus.11

Hence, when one interprets findings from studies that have
used a longer follow-up period, it is difficult to determine
whether it is actually the prediabetes status (ie, IFG or IGT)
or the development of diabetes mellitus among those with
these disturbances of glucose metabolism that is directly
associated with the risk of mortality. The increased risk of
mortality for IGT and IFG after only a relatively short period
of follow-up in the present study suggests that conversion to
diabetes mellitus was not a major pathway to death and that

IFG and IGT are genuine risk factors for mortality and not
just precursors of diabetes mellitus. These findings are
consistent with the presence of a continuous relationship
between increasing blood glucose and increased risk of CVD
and all-cause mortality.13,26,27

Several studies have shown that abnormal glucose metab-
olism is present in approximately two thirds of patients with
acute myocardial infarction or coronary artery disease.28–30

However, it is difficult to generalize some of these results to
the wider community because they are derived from clinic-
and hospital-based populations and are subject to survivor
bias. Furthermore, the cross-sectional nature of the studies
limits conclusions about causality. The present study extends
this previous work, because our longitudinal, population-
based data showed that 65% of all CVD deaths occurred in
those with diabetes mellitus, IFG, or IGT at baseline. This
figure of 65% is far higher than the prevalence observed in
the general population aged �25 years (reported to be 24%)
and is also higher than the prevalence of abnormal glucose
metabolism (reported to be 53%) seen in Australian adults
aged �75 years.31 This suggests that the public health
benefits of targeting CVD prevention toward those with
“prediabetes” and diabetes mellitus would be significant.

The findings of the present study need to be considered
within the context of its limitations. The differences between
responders and nonresponders indicate that the cohort may
not have been fully representative of Australian adults;
however, these differences are unlikely to affect the strength
of the relationships between glucose tolerance categories and
mortality. The present study has relied on the results of a
single oral glucose tolerance test to determine the partici-
pants’ glucose metabolism status, and therefore, misclassifi-
cation may have occurred. The use of self-reported CVD as a
covariate may also represent some measurement error; how-
ever, studies conducted in community-based populations
have found self-reported myocardial infarction,32–34

stroke,32–35 and ischemic heart disease33 to be moderately to
highly accurate in determining disease status. Furthermore, to
account for CVD event measurement error, other covariates
associated with CVD, such as age, sex, hypertension, lipids,
lipid-lowering medication use, and waist circumference, were
also included in the multivariate models. Misclassification of
death status and cause of death was also possible, because
these outcomes were determined through matching the cohort
to the NDI, which is derived from death certificate data.
However, a previous study has shown that the ascertainment
of vital status and CVD deaths through the NDI is robust,
with sensitivity and specificity for the identification of deaths
being 93.7% and 100%, respectively, and sensitivity and
specificity for CVD deaths being 92.5% and 89.6%, respec-
tively.18 Inadequate statistical power as a result of the shorter
follow-up period has also limited our ability to conduct
further stratified analyses at this time, although it is planned
that this will be explored after a longer follow-up period.

In summary, this large, contemporary, population-based
cohort study provides further data on the relationship between
abnormal glucose metabolism and CVD and all-cause mor-
tality. These findings suggest that strategies to prevent
premature mortality, particularly CVD death, need to be

TABLE 2. HRs (95% CIs) for All-Cause and CVD Mortality
According to Categories of Abnormal Glucose Metabolism: the
AusDiab Study

Deaths,
n (%)

Mortality Risk, HR (95% CI)

Age and
Sex Adjusted

Multivariate
Adjusted*

All-cause mortality

NGT 130 (1.7) 1.0 1.0

IFG 24 (3.9) 1.6 (1.0–2.5) 1.6 (1.0–2.4)

IGT 67 (5.2) 1.4 (1.1–2.0) 1.5 (1.1–2.0)

NDM 27 (6.2) 1.4 (0.9–2.1) 1.3 (0.9–2.0)

KDM 50 (11.8) 2.5 (1.8–3.5) 2.3 (1.6–3.2)

CVD mortality

NGT 31 (0.4) 1.0 1.0

IFG 10 (1.6) 2.9 (1.4–5.9) 2.5 (1.2–5.1)

IGT 16 (1.2) 1.3 (0.7–2.3) 1.2 (0.7–2.2)

NDM 12 (2.8) 2.2 (1.1–4.4) 1.8 (0.9–3.6)

KDM 19 (4.5) 3.4 (1.9–6.0) 2.6 (1.4–4.7)

*For all-cause mortality, adjusted for age, sex, previously reported CVD,
smoking (current or ex-smoker), hypertension (blood pressure �140/
90 mm Hg or use of antihypertensive medication), waist circumference (cm),
lipid-lowering medication use, and total cholesterol:high-density lipoprotein
cholesterol ratio. For CVD mortality, adjusted for age, sex, previously reported
CVD, smoking (current or ex-smoker), diastolic blood pressure (mm Hg), waist
circumference (cm), lipid-lowering medication use, and total cholesterol:high-
density lipoprotein cholesterol ratio.
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targeted not only to people with diabetes mellitus but also
toward people with milder forms of abnormal glucose
metabolism.
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CLINICAL PERSPECTIVE
The findings from this large, national, population-based cohort study indicate that 5-year mortality from all causes is
significantly greater for people with previously known diabetes mellitus, impaired fasting glucose, and impaired glucose
tolerance than for those with normal glucose tolerance. Persons with known diabetes mellitus had a mortality risk that was
more than 2 times greater than for those with normal glucose tolerance, and those with impaired glucose tolerance and
impaired fasting glucose had a 50% to 60% greater mortality risk, even after adjustment for age, sex, and other traditional
cardiovascular disease risk factors, such as hypertension and hyperlipidemia. The risk of cardiovascular disease mortality
was also significantly greater for those with known diabetes mellitus or impaired fasting glucose, but not for those with
impaired glucose tolerance, compared to those with normal glucose tolerance. Furthermore, 65% of all cardiovascular
disease deaths in the entire population occurred in people who had known diabetes mellitus, newly diagnosed diabetes
mellitus, impaired fasting glucose, or impaired glucose tolerance at baseline. These findings suggest that a large number
of cardiovascular disease deaths occur in people with abnormal glucose metabolism and that strategies to prevent premature
mortality and particularly cardiovascular disease death need to be targeted not only to people with diabetes but also to
people with milder forms of abnormal glucose metabolism.
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