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OBJECTIVE

To assess the risk of major adverse cardiovascular events (MACE), all-cause mor-
tality, and initiation of medical treatment in subjects with prediabetes according
to first-time measured HbA1c.

RESEARCH DESIGN AND METHODS

Through registry databases, we identified 326,305 Danish patients with a first
HbA1c between 40 and 51 mmol/mol (5.8–6.8%) from 2011 to 2017. After exclu-
sion of patients with prior disease, 84,678 patients were followed 12 months
after first HbA1c measurement. Cox regression models were used to estimate haz-
ard ratios (HRs) of MACE and standardized absolute risks. Cumulative incidences
were used to analyze initiation of glucose-lowering, antihypertensive, choles-
terol-lowering, and antithrombotic medication.

RESULTS

The 12-month risk of MACE and all-cause mortality increased gradually with
increasing HbA1c until 47 mmol/mol (6.5%). In comparisons of subjects with
HbA1c 40–41 mmol/mol (5.8–5.9%), subjects with HbA1c 46–47 mmol/mol
(6.4–6.5%) had a 0.79% (95% CI 0.33–1.24) higher standardized absolute risk
and an HR of 2.21 (95% CI 1.67–2.92) of MACE. Patients with HbA1c 48–49
mmol/mol (6.5–6.6%) had a 0.09% (95% CI 20.35 to 0.52) lower absolute risk
and an HR of 1.33 (95% CI 0.87–2.05) of MACE. Initiation of medication was
significantly lower among patients with HbA1c of 46–47 mmol/mol
(6.4–6.5%) than among patients with HbA1c of 48–49 mmol/mol (6.5–6.6%).

CONCLUSIONS

In the Danish population screened for diabetes with HbA1c, the highest risk
of MACE and all-cause mortality was found in subjects with HbA1c just below
the diagnostic threshold for diabetes. Our results highlight the need for
increased focus on the treatment of cardiovascular risk factors for subjects
with prediabetes.
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With use of current diagnostic criteria
for type 2 diabetes (1) a considerable
number of individuals fall short of meet-
ing the criteria for diagnosis and are
characterized as individuals with predia-
betes (2). Prediabetes is defined as an
intermediate metabolic state between
normoglycemia and diabetes and includes
those with impaired glucose tolerance
(IGT) and impaired fasting glucose (IFG).
In clinical practice, hemoglobin A1c
(HbA1c) is often used as the diagnostic
criteria, and while diabetes is defined at
HbA1c $48 mmol/mol (6.5%), the defini-
tions and cutoff points for prediabetes
differ between guidelines published by
different organizations. Nevertheless,
recent data show that among U.S. adults
aged 18 years or older in 2013–2016,
34.5% had prediabetes defined as HbA1c
levels between 39 mmol/mol (5.7%) and
48 (6.5%) (3). Beside the increased risk
of developing type 2 diabetes, studies
have shown that prediabetes is also
associated with a higher risk of cardio-
vascular disease and mortality (4–7).

In Denmark, newly diagnosed type 2
diabetes patients are usually treated
according to national guidelines that are
in accordance with an international Euro-
pean Association for the Study of Diabe-
tes/American Diabetes Association (ADA)
consensus report (8): lifestyle interven-
tion, early treatment with glucose-lower-
ing medications, and antihypertensive
and cholesterol-lowering medications
aiming to achieve recommended treat-
ment goals, supported by aspirin in cases
with clinical cardiovascular disease. After
introduction of HbA1c as the primary diag-
nostic tool for diagnosing diabetes (9), it
has become an integral part of the health
assessment by the general practitioner
and in hospitals and is widely used as a
screening tool. It has been proposed that
subjects with HbA1c in the upper normal
range should repeat their measurement
and undergo a cardiovascular risk assess-
ment every year (10) and receive lifestyle
intervention and medication accordingly
(11). However, this did not lead to a
national definition of prediabetes or
guidelines for treatment. Indeed, a uni-
form definition of prediabetes is war-
ranted and the evidence for intervention
is conflicting, which is why subjects living
with prediabetes in most cases are moni-
tored without treatment (12).

The aim of this study was to describe
how glucose-lowering, cholesterol-lowering,

antihypertensive, and antithrombotic treat-
ment is initiated in real-world clinical prac-
tice after a first-time HbA1c measurement
in the upper normal range, between 40
and 51 mmol/mol (5.8–6.8%), and further-
more, to assess cardiovascular risk and all-
cause mortality in subjects with an HbA1c
just above and just below the therapeutic
threshold for diabetes.

RESEARCH DESIGN AND METHODS

Study Setting
Every resident in Denmark has a perma-
nent and unique civil registration num-
ber that allows individual linkage of
different administrative and nationwide
registries. We collected and linked data
from the following sources: 1) the civil
registration system, which holds infor-
mation on date of birth and date of
death as well as vital events and emi-
gration status for all inhabitants in Den-
mark (13); 2) the Danish National
Patient Registry, which holds date of
admission and discharge as well as an
ICD-10 code for all hospital contacts in
Denmark; 3) the Danish National Pre-
scription Registry (14,15), where every
dispensed drug from a Danish pharmacy
is coded according to the Anatomical
Therapeutic Chemical (ATC) classifica-
tion; and 4) a large collection of labora-
tory databases covering most blood
tests from hospitals and general practi-
tioners in four of five major regions in
Denmark.

Study Population
We identified 326,305 individuals with a
first measurement of HbA1c from 2011
to 2017. We excluded 9,375 patients
with estimated glomerular filtration rate
(eGFR) <30 mL/min/1.73 m2, where
HbA1c is difficult to interpret, and we
excluded patients already receiving glu-
cose-lowering (42,332) or cholesterol-
lowering (78,605) treatment and treat-
ment with renin-angiotensin system
inhibitor (RASi) (46,733), acetylsalicylic
acid (ASA) (7,431), calcium channel
blocker (9,397), and b-blocker (7,407),
since initiations of these treatments
were used as outcomes in our study
(Fig. 1). We also excluded 1,508 patients
with prior cardiovascular disease, since
new admissions coded with cardiovas-
cular disease could be related to older
events. In total, 84,678 patients were
included and divided into six subgroups

stratified by levels of HbA1c: 40–41
mmol/mol (5.8–5.9%), 42–43 mmol/mol
(6.0–6.1%), 44–45 mmol/mol (6.2–6.3%),
46–47 mmol/mol (6.4–6.5%), 48–49
mmol/mol (6.5–6.6%), and 50–51 mmol/
mol (6.7–6.8%). We note that 47 mmol/
mol and 48 mmol/mol are both con-
verted to 6.5% according to the NGSP
HbA1c converter but are two clearly sep-
arated values in Danish laboratory
measurements.

Baseline Characteristics
Baseline comedication was evaluated
on the basis of claimed prescriptions
180 days before inclusion, and baseline
comorbidity was calculated with use of
hospital diagnoses within the previous 5
years before inclusion, as previously
described (16,17). Diagnoses and phar-
macotherapy used for defining the pop-
ulation, comorbidity, and outcomes can
be found in Supplementary Table 1.

Outcomes
The primary end point was the first
occurrence of a major adverse cardiovas-
cular event (MACE), a composite end
point of nonfatal myocardial infarction,
nonfatal stroke, and death from cardio-
vascular causes. Secondary end points
included all-cause mortality and initiation
of medication: glucose-lowering medica-
tion, statins, RASi, and acetylsalicylic acid
ASA. Initiation of medication was defined
as the first date the patient claimed a
prescription for the relevant medication.
The ICD-10 diagnosis codes of myocar-
dial infarction and stroke have both
been validated in the Danish National
Patient Registry with high positive pre-
dictive values (PPVs) (PPV = 100.0%
[95% CI 97.5–100.0] for myocardial
infarction and 97.0% [93.1–98.7] for
stroke). All-cause mortality is registered
with almost 100% validity and complete-
ness in the civil registration system (13).

Statistical Analysis
Categorical covariates are presented as
number with percentages, and continu-
ous covariates are presented as median
with interquartile range (IQR) or means
with SD. We calculated unadjusted and
adjusted hazard ratios (HRs) of MACE,
all-cause mortality, and medication initi-
ation according to HbA1c subgroup using
Cox regression analyses. We adjusted
for age, sex, income, cohabitation status,
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education, year of inclusion, zip code,
loop diuretics, antidepressives, chronic
obstructive pulmonary disease (COPD),
cancer, and eGFR. Patients were fol-
lowed from date of first HbA1c measure-
ment until whichever of the following
occurred first: 1 year after baseline,
event of interest, death, or emigration.
The proportional hazards assumption
was examined with use of Schoenfeld
residuals, and interactions between HbA1c
and sex, age, income, and eGFR were
tested in all reported models. We found
no relevant violations of model assump-
tions. We used the g-formula to calculate
standardized absolute 1-year risks accord-
ing to HbA1c based on Cox models for
MACE as well as Cox models for compet-
ing risk. We conducted the following
sensitivity analyses: First, we calculated
HR of MACE according to HbA1c follow-
ing patients for a maximum of 2 years
instead of 1 year. Second, we calculated
HR of MACE according to HbA1c when
including a wider population with previ-
ous cardiovascular disease and previous
antihypertensive, cholesterol-lowering,
and antithrombotic treatment. Third,
we calculated HR of MACE according to
HbA1c when adjusting for LDL choles-
terol among patients with available LDL
cholesterol at inclusion. Furthermore,
we calculated cumulative incidence of a
second HbA1c measurement according
to baseline HbA1c, and we calculated
initiation of statin initiation according to
LDL cholesterol among patients with
prediabetes and available LDL choles-
terol values. P values <0.05 and 95%

CIs not including 1.00 were considered
statistically significant. All analyses were
conducted with SAS, version 9.4, statis-
tical software (SAS Institute, Cary, NC),
and R package, version 3.4.1.

Ethics
Registry-based studies do not require
ethics approval in Denmark, and data
were anonymized with no possibility of
identification of individual patients.

RESULTS

Characteristics of the Study
Population
The included study population was com-
prised of 84,678 subjects with a first-time
baseline measurement of HbA1c (Table
1): 48,157 subjects (57%) with HbA1c
40–41 mmol/mol (5.8–5.9%), 21,233 sub-
jects (25%) with HbA1c 42–43 mmol/mol
(6.0–6.1%), 8,694 subjects (10%) with
HbA1c 44–45 mmol/mol (6.2–6.3%),
3,374 subjects (4%) with HbA1c 46–47
mmol/mol (6.4–6.5%), 2,047 patients liv-
ing with diabetes (2%) with HbA1c 48–49
mmol/mol (6.5–6.6%), and 1,173 patients
living with diabetes (1%) with HbA1c
50–51 mmol/mol (6.7–6.8%). In the sub-
group with lowest HbA1c, 45.3% were
men, and the proportion of male subjects
increased with increasing first-time HbA1c
measurement to 60.0% in the HbA1c
50–51 mmol/mol (6.7–6.8%) subgroup.
Median age varied from 58.4 years (IQR
50.7–66.8) to 61.8 years (IQR 53.3–70.3)
between the groups, as subjects were
generally comparable across HbA1c sub-
groups, both with regard to age, living

situation, and income and with regard to
comedication and comorbidity (Table 1).

HbA1c Subgroups and Risk of
Incident MACE
During the follow-up period of 1 year, a
total of 799 individuals (0.94%) experi-
enced a MACE. We found a dose-
response relationship between higher
HbA1c and incident MACE in the HbA1c
range between 40 and 47 mmol/mol
(5.8–6.5%). In comparisons with the refer-
ence group with HbA1c 40–41 mmol/mol
(5.8–5.9%), subjects with HbA1c 42–43
mmol/mol (6.0–6.1%) and HbA1c 44–45
mmol/mol (6.2–6.3%) had HRs of 1.28
(95% CI 1.08–1.51) and 1.59 (95% CI
1.29–1.97), respectively. The highest risk
of MACE was found in the subgroup with-
out diabetes with HbA1c 46–47 mmol/
mol (6.4–6.5%) (HR 2.21, 95% CI
1.67–2.92). For risk of MACE in the
groups with diabetes, HbA1c 48–49
mmol/mol (6.5–6.6%) and 50–51 mmol/
mol (6.7–6.8%), HR was 1.33 (95% CI
0.87–2.05) and 1.70 (95% CI 1.03–2.81),
respectively. Associations between the
different HbA1c subgroups and MACE are
summarized in Table 2. Adjustment for
age, sex, income, cohabitation status,
education, year of inclusion, zip code,
loop diuretics, antidepressives, COPD,
cancer, and eGFR did not change the
results. In Fig. 2, the absolute risks, stan-
dardized absolute risks, and differences of
risk are shown as a forest plot. In com-
parisons with the reference group,
HbA1c 40–41 mmol/mol (5.8–5.9%),
there was a higher standardized absolute
risk of MACE in the five other subgroups.
The subgroup of HbA1c 44–45 mmol/mol
(6.2–6.3%) and HbA1c 46–47 mmol/mol
(6.4–6.5%) had significantly higher risks,
with differences at 0.31% (95% CI
0.06–0.56) and 0.79% (95% CI 0.33–1.24).
The subgroups passing the threshold
of diabetes, HbA1c 48–49 mmol/mol
(6.5–6.6%) and 50–51 mmol/mol
(6.7–6.8%), had lower standardized
absolute risks, at 1.03% (95% CI
0.67–1.53) and 1.53% (95% CI
0.92–2.41), compared with the subgroup
just under the threshold, HbA1c 46–47
mmol/mol (6.4–6.5%) with 1.73% (95%
CI 1.33–2.22). Supplementary Table 3
shows data for a 2-year follow-up. The
highest risk of MACE was still found in
the subgroup with HbA1c 46–47 mmol/
mol (HR 1.66, 95% CI 1.35–2.06). Further-
more, Supplementary Table 5 shows

Figure 1—Flowchart of selection of study population showing exclusions. CCB, calcium channel
blocker.
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MACE with inclusion of patients on sta-
tins, glucose-lowering medications, and
antihypertensive and antithrombotic treat-
ment, all of whom were excluded initially,
with the same pattern of outcomes of HR.

HbA1c Subgroups and Risk of All-
Cause Mortality
A total of 1,123 subjects died during the
first year after first measurement of HbA1c.
In comparisons with those with baseline
HbA1c 40–41 mmol/mol (5.8–5.9%), sub-
group patients with HbA1c 42–43 mmol/
mol (6.0–6.1%) and HbA1c 44–45 mmol/
mol (6.2–6.3%) had HRs of 1.53 (95% CI
1.33–1.77) and 1.96 (95% CI 1.64–2.34),
respectively. As in incident MACE, we
found an association between higher
HbA1c and all-cause mortality until HbA1c
reached 47 mmol/mol (6.5%). With adjust-
ment for LDL cholesterol and total choles-
terol we found the same results as shown
in Table 2, and additionally the same pat-
tern was found in the 2-year follow-up
where subjects with HbA1c 42–43 mmol/
mol (6.0–6.1%) and HbA1c 44–45 mmol/
mol (6.2–6.3%) had HRs of 1.29 (95% CI

1.17–1.43) and 1.50 (95% CI 1.32–1.70),
respectively. Here, the highest risk of all-
cause mortality was also found in the sub-
group with HbA1c 46–47 mmol/mol (HR
2.18, 95% CI 1.85–2.56). These associations
are summarized in Supplementary Table 3.
As Supplementary Tables 7 and 8 show,
the results are maintained with use of
HbA1c <40 mmol/mol (5.8%) as a refer-
ence point as well as with use of larger
subgroups.

Prescribed and Redeemed Medicine
Table 2 summarizes the HR calculated
in looking at prescribed and redeemed
medication in our study population. The
HR increases with HbA1c for all medica-
tions registered: glucose-lowering medica-
tion, ASA, RASi, and statin. The cumulative
incidences are shown in Fig. 2. In looking
at patients who met the criteria for type 2
diabetes, 497 (24%) patients from the
subgroup HbA1c 48–49 mmol/mol
(6.5–6.6%) were started on glucose-
lowering medication, 418 (20,4%) on sta-
tins, and 329 (16%) on RASi within a year
after first HbA1c measurement. In the

subgroup of the patients in our study with
the highest first measurement, HbA1c
50–51 mmol/mol (6.7–6.8%), 514 (44%)
patients were started on glucose-lowering
medication, 317 (27%) on statins, and 231
(20%) on RASi within a year after first
measurement. For patients who were just
below the threshold for type 2 diabetes,
the numbers were lower: 259 (8%)
patients from the subgroup HbA1c 46–47
mmol/mol (6.4–6.5%) were started on
glucose-lowering medication, 383 (11%)
on statins, and 408 (12%) on RASi within
a year after first measurement. As Table 2
shows, the percentage of patients initi-
ated with any of the medications
increased with the level of HbA1c.
Supplementary Table 4 shows the asso-
ciation between levels of LDL choles-
terol and number of patients initiated
on statins, with a higher number of
patients with type 2 diabetes starting
treatment compared with individuals
just under the threshold. Supplementary
Table 6 shows the number of subjects on
statins, glucose-lowering medication, and
antihypertensive and antithrombotic

Table 1—Baseline characteristics of the study population by first-time baseline measurement of HbA1c

HbA1c 40–41
mmol/mol

HbA1c 42–43
mmol/mol

HbA1c 44–45
mmol/mol

HbA1c 46–47
mmol/mol

HbA1c 48–49
mmol/mol

HbA1c 50–51
mmol/mol

No. of patients 48,157 21,233 8,694 3,374 2,047 1,173

Age, median (IQR) 60.1 (51.9–68.6) 61.2 (52.9–69.6) 61.8 (53.3–70.3) 61.2 (52.9–70.1) 60.5 (52.2–69.2) 58.4 (50.7–66.8)

Male sex, n (%) 21,826 (45.3) 9,919 (46.7) 4,280 (49.2) 1,693 (50.2) 1,120 (54.7) 704 (60.0)

Income group, n (%)

Q1 7,057 (14.7) 3,621 (17.1) 1,628 (18.7) 670 (19.9) 391 (19.1) 191 (16.3)
Q2 13,800 (28.7) 6,630 (31.2) 2,887 (33.2) 1,095 (32.5) 662 (32.3) 390 (33.2)
Q3 15,174 (31.5) 6,452 (30.4) 2,505 (28.8) 1,011 (30.0) 603 (29.5) 354 (30.2)
Q4 12,126 (25.2) 4,530 (21.3) 1,674 (19.3) 598 (17.7) 391 (19.1) 238 (20.3)

Living alone, n (%) 16,016 (33.3) 7,290 (34.3) 3,177 (36.5) 1,222 (36.2) 764 (37.3) 451 (38.4)

Medication and
comorbidities, n (%)

Loop diuretics 645 (1.3) 370 (1.7) 227 (2.6) 95 (2.8) 67 (3.3) 34 (2.9)
Antidepressives 3,504 (7.3) 1,666 (7.8) 734 (8.4) 287 (8.5) 190 (9.3) 93 (7.9)
COPD 800 (1.7) 535 (2.5) 234 (2.7) 114 (3.4) 55 (2.7) 30 (2.6)
Cancer 1,396 (2.9) 684 (3.2) 305 (3.5) 132 (3.9) 71 (3.5) 27 (2.3)

Education level, n (%)

Low 14,408 (29.9) 7,019 (33.1) 3,067 (35.3) 1,214 (36.0) 759 (37.1) 431 (36.7)
Medium 23,358 (48.5) 10,133 (47.7) 4,106 (47.2) 1,623 (48.1) 957 (46.8) 557 (47.5)
High 10,391 (21.6) 4,081 (19.2) 1,521 (17.5) 537 (15.9) 331 (16.2) 185 (15.8)

eGFR, mL/min/1.73 m2,
n (%)

>90 21,505 (44.7) 9,304 (43.8) 3,783 (43.5) 1,516 (44.9) 1,016 (49.6) 613 (52.3)
45–60 24,397 (50.7) 10,691 (50.4) 4,351 (50.0) 1,638 (48.5) 923 (45.1) 503 (42.9)
30–45 2,255 (4.7) 1,238 (5.8) 560 (6.4) 220 (6.5) 108 (5.3) 57 (4.9)

Q, quarter.
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treatment and how many were on several
medications simultaneously. The amount
increases with HbA1c level. Of those in the
subgroups of HbA1c 48–49 mmol/mol
(6.5–6.6%) and HbA1c 50–51 mmol/mol
(6.7–6.8%), 39.2% and 29.2%, respec-
tively, were not on any medication despite
passing the threshold of diabetes.

HbA1c During Follow-up
Time for measurements of second
HbA1c varied during follow-up. In the
lowest group of HbA1c, 40–41 mmol/
mol (5.8–5.9%), 72% of patients were
without a second measurement in
the following year. Just over one-half
of the subgroup with HbA1c 46–47
mmol/mol (6.4–6.5%) had a follow-up
measurement. Almost none of patients
in the lowest group of HbA1c developed
diabetes, whereas 9.2% of patients with
first measurement of HbA1c 44–45
mmol/mol (6.2–6.3%) developed type 2
diabetes within the year of follow-up.
Almost 23% of patients with first mea-
sured HbA1c 46–47 mmol/mol (6.4–6.5%)
developed type 2 diabetes during follow-
up. Among patients with HbA1c over the
threshold of diabetes in the first measure-
ment, 36% and 46%, respectively, of sub-
groups 48–49 mmol/mol (6.5–6.6%) and
50–51 mmol/mol (6.7–6.8%) participants
still had HbA1c >48 mmol/mol (6.5%)
during follow-up. The full list of HbA1c
measurements during the first year of fol-
low-up can be found in Supplementary
Table 2 and Supplementary Fig. 1.

CONCLUSIONS

We demonstrate that the highest risk of
MACE and all-cause mortality is among
patients with HbA1c just below the diag-
nostic threshold for diabetes in a popula-
tion with first-time HbA1c measurements
between 40 and 51 mmol/mol (5.8 and
6.8%) without previous diabetes or car-
diovascular disease. Moreover, signifi-
cantly fewer patients with a first-time
HbA1c measurement just below the
threshold for type 2 diabetes, at HbA1c
46–47 mmol/mol (6.4–6.5%), were
started on glucose-lowering medication,
statins, and RASi compared with the
patients just above the threshold HbA1c
of 48–49 mmol/mol (6.5–6.6%) within a
year after first HbA1c measurement.

Prediabetes is an intermediate meta-
bolic state between normal glucose
metabolism and diabetes, and according
to the ADA up to 70% of individuals
with prediabetes will develop type 2
diabetes over time (18). A systematic
review showed that the 5-year risk of
diabetes, if the patient’s HbA1c level
was at least 6.0% (42 mmol/mol),
ranged from 25 to 50% and the relative
risk of diabetes was 20 times higher if
the HbA1c was $6%, in comparison
with an HbA1c of #5% (19). In addition,
studies have also associated prediabetes
with increased risk of cardiovascular dis-
ease, coronary heart disease, and mor-
tality (20).

Although there is agreement on
the risks associated with prediabetes,

different organizations have defined pre-
diabetes with their own criteria that are
not in consensus. The World Health Orga-
nization (WHO) has defined prediabetes
as a state of intermediate hyperglycemia
using two specific parameters—IFG,
defined as fasting plasma glucose 6.1–6.9
mmol/mol (110–125 mg/dL), and IGT,
defined as 2-h plasma glucose 7.8–11.0
mmol/mol (140–200 mg/dL) after inges-
tion of a 75-g oral glucose load—or a
combination of the two (18). The ADA
uses the same cutoff value for IGT but
has a lower cutoff value for IFG (100–125
mg/dL) and has added an HbA1c criteria
of 5.7–6.4% (39–46 mmol/mol) for the
definition of prediabetes (21). These dis-
crepancies, although small, have played a
role in the research data on patients with
prediabetes. A systematic review from
2016 found that intermediate hyperglyce-
mia, defined using IFG or IGT (both ADA
and World Health Organization defini-
tions), was associated with all-cause mor-
tality (20). This was not the case when
the ADA HbA1c-based criterion (5.7–6.4%
[39–46 mmol/mol]) or the International
Expert Committee (IEC) HbA1c-based defi-
nition of intermediate hyperglycemia,
HbA1c 42–47 mmol/mol (6.0–6.5%), was
used. Previous meta-analyses have also
shown inconsistent results on the differ-
ent definitions of prediabetes when look-
ing at mortality or other cardiovascular
end points (20,22).

It can be argued that a more uniform
understanding of prediabetes would help
with earlier identification, thereby allow-
ing earlier intervention, potentially low-
ering the number of patients who
develop diabetes and complications in
the future. As studies have shown, the
association with, for example, mortality
varies with use of different diagnostic cri-
teria of the leading organizations. Our
approach looks beyond the defined
thresholds and divides the patients in
subgroups according to their first-time
HbA1c measurements. In this way, we
notice an increased risk as the HbA1c lev-
els increase without regard to the dis-
crepancy in the different definitions of
prediabetes. The weakness of this
approach, however, is that we do not
account for IFG and IGT.

Our study shows that the highest risk
of MACE and all-cause mortality is in the
subgroup with HbA1c just below the
diagnostic criteria for type 2 diabetes.
We also found significantly lower

Figure 2—Forrest plot showing absolute risk, standardized absolute risk, and difference in stan-
dardized absolute risk of MACE during 1st year after index. Standardized for age, sex, income,
cohabitation status, education, year of inclusion, zip code, loop diuretics, antidepressives,
COPD, cancer, eGFR, LDL cholesterol, and total cholesterol.
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cumulative incidence of initiation of car-
dioprotective and glucose-lowering med-
ication among patients just below the
diagnostic threshold for diabetes, com-
pared with patients just above the thera-
peutic threshold. It is likely that the
decreased risk of MACE when HbA1c
$48 mmol/mol (6.5%) is connected to
the more aggressive treatment of cardio-
vascular risk factors initiated among
patients with diagnosed diabetes as rec-
ommended in national guidelines com-
pared with treatment of patients with
prediabetes. It is also possible that
patients with diabetes are much more
likely to receive self-management educa-
tion and change lifestyle accordingly
compared with subjects with prediabe-
tes. Interestingly, the proportion of male
subjects increased with increasing first-
time HbA1c measurement from <50% to
60.0% in the HbA1c 50–51 mmol/mol
(6.7–6.8%) subgroup in our cohort. This
is not surprising, as previous studies
(23,24) have shown a higher prevalence
of type 2 diabetes in men compared
with women, explained not only by fac-
tors such as differences in visceral fat
mass, diet, alcohol consumption, and
smoking habits but also by lifestyle, as
men tend to seek health care professio-
nals later than women.

Managing prediabetes is an impor-
tant aspect of the overall fight against
diabetes and relates to both prevention
of blood glucose levels progressing to
diabetes and prevention of metabolic
diseases such as hypertension, obesity,
and dyslipidemia. Global guidelines
focus mostly on lifestyle change, i.e.,
diet and exercise, as the main interven-
tion (25). The Diabetes Prevention Pro-
gram Research Group (DPPRG) showed
that lifestyle interventions such as diet,
physical activity, and ultimately weight
loss led to a 58% risk reduction in
developing diabetes in a 2.8-year fol-
low-up (26,27). In a large follow-up
study, lifestyle intervention lowered
incidence of type 2 diabetes with 43%
over a 20-year period in 577 adults with
IGT from 33 clinics in China (28). The
Finnish Diabetes Prevention Study, pub-
lished in 2003, showed similar results,
with incidence of conversion from pre-
diabetes to diabetes being lower among
subjects in the intervention group who
lost at least 5% of their body weight
during the trial compared with the con-
trol group (29).
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Regarding medical treatment there
are mixed reports on whether treatment
should be initiated in patients with dia-
betes. ADA has recommended the use
of metformin in certain individuals at
high risk but with no clear goal of treat-
ment (21,22). The DPPRG showed that
metformin led to a 31% risk reduction
in developing diabetes—almost as
good as lifestyle interventions. A sys-
tematic review concluded that met-
formin lowers risk of type 2 diabetes
by 45% in patients with prediabetes
(30). However, when it comes to dia-
betes, outcome research and interna-
tional guidelines specifically focus on
both lowering HbA1c and minimizing
risk factors of the abovementioned
complications, but in reality the diag-
nosis of diabetes is often delayed
until complications are clinically pre-
sent (27). Although several intervention
studies have examined subjects with pre-
diabetes, studies rarely address cardio-
vascular risk factors or microvascular
outcomes in general, and no general
guideline with specific goals for medical
treatment of prediabetes exists. With
patients just under the threshold having
the highest risk of MACE and all-cause
mortality, the argument could be made
that a patient would be better off being
diagnosed with type 2 diabetes, as it
increases the chance of treatment for
cardiovascular risk factors. In a national
sample from Sweden it was shown
that wider use of lipid-lowering drugs
benefits micro- and macrovascular com-
plications as well as diabetes-related mor-
tality (31). Furthermore, among patients
with IGT and cardiovascular risk factors,
the use of a RASi for 5 years, along with
lifestyle modification, led to a relative
reduction of 14% in the incidence of dia-
betes (32).
A discussion of timing of initiation

of glucose-lowering, cholesterol-lowering,
antihypertensive, and antithrombotic
treatment in patients with diabetes and
prediabetes seems imminent. Interest-
ingly, our study shows that only a small
portion of patients with type 2 diabetes
are being treated with cardiovascular dis-
ease risk–modifying drugs within the first
year after measurement of HbA1c just
above the diabetes threshold. Less than
one-third of the included patients with
HbA1c 50–51 mmol/mol (6.7–6.8%) were
on statin treatment a year after their first
measurement, and less than one-half

were started on glucose-lowering medi-
cation, with even lower numbers in the
subgroup with HbA1c 48–49 mmol/mol
(6.5–6.6%). After 2 years of follow-up
(Supplementary Table 3), twice as many
are on relevant medication, probably
reflecting that many general practitioners
and patients await possible effect of life-
style changes the first year. Bearing the
increased risk in mind, these points raise
the question of whether medical treat-
ment should be more aggressive and
whether we should start treating cardio-
vascular risk factors even before the
patients cross the diabetes threshold.

Our study had several strengths but
some important limitations as well. The
major strengths of this large study
include the diminished risk of selection
bias and the minimal loss of follow-up
ensured by the comprehensive Danish
registries, including hospital diagnoses,
prescription claims, and blood samples.
The large sample size allowed us to strat-
ify data and determine associations of
each subgroup of HbA1c with risk of
MACE. We chose quite narrow HbA1c
categories, and as a consequence CIs for
risk of adverse events overlap between
several of the subgroups. A larger num-
ber of included events could have
allowed for more detailed risk stratifica-
tion between subgroups. We were also
able to control for comorbidities poten-
tially present, including COPD and kidney
disease, as well as age, sex, and income.
Conversely, given the observational
nature of this study, several important
limitations need to be addressed. Firstly,
the unmeasured confounding: although
we were able to adjust for several
comorbidities, data on certain modifi-
able risk factors, including exercise,
smoking, alcohol intake, BMI, and diet,
were not available. Secondly, surveil-
lance bias is likely to have affected our
results, as being in contact with the
health care system increases the chance
of diagnosing prediabetes. In our analy-
ses with examination of use of medica-
tion, we do not look at the association
with MACE and all-cause mortality risks
at an individual level, so the analyses
could be subject to ecological bias. Fur-
thermore, medications examined are
those that are redeemed and do not
necessarily represent medications used
or to what extent or whether subjects
are treated to guideline targets. Some
included subjects might have had an

earlier measurement of HbA1c from
another laboratory, although they were
excluded if medication had been initi-
ated. Finally, we were not able to con-
trol for race. This is likely less of an issue
in the more racially homogeneous popu-
lation of Denmark, where there exists a
universal health care system funded by
grants from tax revenues; however, it
will make it harder for our results to be
generalized to other populations.

In conclusion, our study demonstrates
an increased risk of MACE and all-cause
mortality in the upper normal range of
HbA1c as compared with HbA1c >48
mmol/mol (6.5%), the level typically
prompting multifactorial treatment of
type 2 diabetes. These results support
the hypothesis that treatment for car-
diovascular risk factors should start
before type 2 diabetes develops and
suggest that more attention and
potentially evidence-based guidelines
are needed in the management of
prediabetes with better monitoring of
this patient group.
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