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OBJECTIVEdNew-onset diabetes mellitus (DM) in elderly patients is associated with in-
creased risk of diabetes complications and mortality. It is unknown whether glycemic control
in this population influences the mortality risk.

RESEARCH DESIGN AND METHODSdThe current study was conducted using the
computerized database of the Sharon-Shomron District of Clalit Health Services in Israel. In-
cluded in the study were subjects 65 years of age and above with new-onset DM. The primary
outcome measures were all-cause mortality and coronary revascularization procedures with
either percutaneous coronary intervention or coronary artery bypass grafting.

RESULTSdParticipants (n = 2,994) were stratified into four groups according to their mean
HbA1c levels during the follow-up period (,6.5% [48 mmol/mol], 6.5–6.99% [48–52mmol/mol],
7–7.49% [53–57mmol/mol], and$7.5% [58mmol/mol]). During a mean follow-up of 5.546 2.1
years, 1,173 (39.17%) participants died and 285 (9.51%) underwent coronary revascularization.
An HbA1c level .7.5% (58 mmol/mol) was associated with a significantly increased all-cause
mortality rate (hazard ratio [HR] 1.74 [95% CI 1.2–1.8], P, 0.0001). This difference remained
statistically significant after a multivariate model adjusted for the conventional cardiovascular
risk factors and for the use of hypoglycemic agents and statins. Kaplan-Meier survival plots
revealed lower survival rates in this group of patients. Coronary revascularization rates were
highest among subjects with HbA1c 6.5–6.99% (48–52 mmol/mol) (HR 1.6 [1.01–2.4], P ,
0.05) and lowest in patients with HbA1c $7.5% (58 mmol/mol).

CONCLUSIONSdAn HbA1c level .7.5% (58 mmol/mol) is associated with increased risk
for all-cause mortality and with a lower revascularization rate in elderly patients with new-onset
DM.
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The incidence of diabetes mellitus
(DM) increases with age. The high
rate of occurrence of DM in the

elderly population can be explained by
age-related changes in the carbohydrate
metabolism (1,2) but mainly by adverse
lifestyle factors (3,4).

The natural history and outcome of
new-onset DM in the elderly is not clear,
due to scarce and conflicting data.

A Chinese study suggests that DM di-
agnosed in older age is milder and asso-
ciated with less frequent microvascular
complications compared with DM diag-
nosed at younger age (5). Some studies
found higher cardiovascular and all-cause
mortality rates in the elderly with new-
onset DM, compared with nondiabetic el-
derly subjects (6–9). However, another
study found excess of mortality only in

elderly females with new-onset DM but
not in males (10).

No data exist regarding the influence
of glycemic control on the morbidity and
mortality of elderly patients with new-
onset DM. Previous studies did not con-
sider the influence of other cardiovascular
risk factors or the use of hypoglycemic
agents on the morbidity and mortality.
As a consequence, there are no clinical
guidelines specific for this group of pa-
tients (11,12).

The aim of this retrospective obser-
vational cohort study was to evaluate the
association between glycated hemoglobin
(HbA1c) levels and all-cause mortality and
coronary revascularization procedures in
elderly patients with new-onset DM.

RESEARCH DESIGN AND
METHODS

Study population
The cohort included residents of the
Sharon-Shomron District, Israel, who
were medically insured by Clalit Health
Services (CHS), the largest health main-
tenance organization in Israel. CHS in-
sures .50% of the district’s population,
which is mostly urban and includes both
Jews and Arabs. All medical information
obtained at the primary care clinics is re-
corded in the CHS computerized data-
base and can be accessed at the level of
the individual patient. Each family physi-
cian is responsible for routinely updating
the computerized medical records during
each patient visit and after any hospital
admission. The database includes a list
of all diagnoses, demographic data, labo-
ratory values, medications, and medical
procedures. This database was the source
for our study.

Sample selection
All cases of new-onset DM in elderly
patients during 2003 or 2004 were iden-
tified. For patients diagnosed in 2003,
data were obtained until December 2010.
For those diagnosed during 2004, infor-
mation was collected until December
2011. We included patients who were
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65 years of age or older and had at least
two blood glucose values of 126 mg/dL
and above during the same year. All of the
subjects included in the study had avail-
able HbA1c levels. We excluded from the
analysis those who, in the year preceding
the inclusion, had blood glucose values
$126 mg/dL, had HbA1c $6.5% (48
mmol/mol), and/or purchased oral glucose-
lowering medications or insulin. Subjects
who had died during the inclusion year
were excluded from the cohort. Patients
were followed for 7 years or until they
underwent a coronary revascularization
procedure or died.

Study design
We classified the patients into four
groups, according to the average HbA1c

values during the follow-up period:
HbA1c ,6.5% (48 mmol/mol), HbA1c

6.526.99% (48–52 mmol/mol), HbA1c

7–7.49% (53–57 mmol/mol), and
HbA1c $7.5% (58 mmol/mol). The aver-
age HbA1c was calculated as the mean of
all HbA1c values during the follow-up pe-
riod. For each group, data about sex,
smoking status, blood pressure, and
BMI was obtained. Information regarding
written diagnosis of ischemic heart dis-
ease (IHD), peripheral vascular disease
(PVD), hypertension (HTN), hyperlipid-
emia, and chronic renal failure (CRF) at
the time of the inclusion was collected.
Laboratory data including average glu-
cose, total cholesterol, LDL cholesterol
(LDL-c), HDL cholesterol (HDL-c), and
triglycerides was collected. The average
values were calculated as the mean of
the first values in each follow-up year.
We obtained data about purchasing oral
antihyperglycemic medications, insulin,
and statins. Drug compliance was consid-
ered consistent if the patient purchased
the monthly dose of the drug at least six
times per year, during at least 4 of the 7
follow-up years.

Study end points
The outcome measures were all-cause
mortality and documentation of percuta-
neous coronary intervention (PCI) or
coronary artery bypass graft (CABG) sur-
gery during the follow-up period.

Ethical considerations
The local institutional ethics committee
approval was given onDecember 2011. In
accordance with Ministry of Health reg-
ulations, the institutional ethics com-
mittee did not require written informed
consent, because thedatawere anonymously

collected from the computerized medical
files, with no participation by the patients.

Statistical analysis
The baseline clinical characteristics of the
four patient groups were compared using
ANOVA test for continuous variables and
x2 test for nonparametric variables. Cox
proportional hazards regression model
analysis was used to estimate hazard ra-
tios (HRs) and 95% CIs for all-cause mor-
tality and coronary revascularization (PCI
or CABG) according to the four HbA1c

groups. This analysis was adjusted for
age, sex, BMI, systolic and diastolic blood
pressure, previous IHD, previous CRF,
current smoking, hypoglycemic medica-
tion use, statin use, and LDL-c. Kaplan-
Meier survival curve was plotted for
all-cause mortality, comparing the four
groups according to HbA1c levels. Statis-
tical analysis was performed with the use
of SPSS statistical software for windows
version 20.0.

RESULTSdTwenty-one thousand
eight hundred and fifty-five patients met
the inclusion criteria. Fifteen thousand
five hundred and fifty were excluded
because of blood glucose values .126
mg/dL, HbA1c $6.5% (48 mmol/mol),
or use of antidiabetic medications before
the inclusion. Another 1,141 subjects
who died during the inclusion year were
excluded. Five thousand one hundred
and sixty-four subjects with a mean age
of 77.4 6 7.5 years were available for
analysis.

Only 2,994 of them had HbA1c levels
measured during the study period. The
mean age for subjects with measured
HbA1c levels was 75.6 years, compared
with 79.8 years for subjects without
HbA1c measurement (P , 0.0001). The
average glucose value was 131.4 6 28.5
mg/dL, compared with 122.7 6 28.9
mg/dL for subjectswithoutHbA1cmeasure-
ment (P, 0.0001). In the group of subjects
with measured HbA1c levels, the all-cause
mortality rate during the follow-up years
was 40% and revascularization rate 9.5%,
compared with 69% mortality and 3.3%
revascularization in subjects with no
HbA1c measurement (P , 0.0001).

Out of the 2,994 subjects who were
available for analysis, 1,448 (48.36%)
were males. The subjects were stratified
by their mean HbA1c level during the
follow-up period. Table 1 shows baseline
characteristics of the four groups. HbA1c

levels correlated with the fasting blood
glucose and triglycerides levels. The

LDL-c level was significantly higher in
the fourth group. Smoking rates and
BMI were significantly lower in the lowest
HbA1c group. Other cardiovascular risk
factors, including HDL-c levels and sys-
tolic blood pressure, were similar be-
tween the four groups. Only 11.2% of
the patients in the lowest HbA1c group
acquired hypoglycemic medications.
With higher HbA1c levels, the use of hy-
poglycemic medications was more preva-
lent: 29.8, 39.2, and 37.4% in the second,
third, and fourth groups, respectively
(P , 0.001). The majority of the treated
patients used oral hypoglycemic medica-
tions (11.1, 29.8, 37.3, and 35.3% re-
spectively; P , 0.001). Only 3% of the
patients in the fourth group were treated
with insulin alone or in combination with
oral hypoglycemic medications. The rate
of insulin treatment in the other groups
was even lower (0.1, 0.2, and 2.2% in the
first, second, and third group, respec-
tively; P, 0.001). Statin use was highest
in the second group (51%) and lowest in
the fourth group (30%).

HbA1c level and mortality
A total of 1,173 subjects died during the
follow-up years. All-cause mortality rates
were 41, 32, 36, and 46% in the four
groups (Table 2). A multivariate model,
adjusted for age, sex, previous IHD, pre-
vious CRF, use of statin and hypoglyce-
mic medications, current smoking, BMI,
systolic and diastolic blood pressure, and
LDL-c, was conducted. An HbA1c level
.7.5% (58 mmol/mol) was associated
with a significantly increased mortality
rate, compared with the 6.5–6.99% (48–
52 mmol/mol) HbA1c group, which had
the lowest mortality rate (adjusted HR 1.4
[95% CI 1.1–1.6], P , 0.01). In subjects
with HbA1c 7–7.49% (53–57mmol/mol),
mortality rates were higher, compared
with the lowest mortality group (adjusted
HR 1.2 [0.99–1.5], P = 0.052), but did not
reach statistical significance (Table 2). Be-
cause of the broad range of HbA1c in the
fourth group, we divided these subjects
into two subgroups: HbA1c 7.5–8.5%
(58–69 nmol/mol) and HbA1c .8.5%
(.69 nmol/mol). There was a higher
mortality rate in subjects with HbA1c

.8.5% (69 nmol/mol) compared with
subjects with HbA1c 7.5–8.5% (58–69
nmol/mol) levels, but this difference was
not statistically significant (51.4 vs. 43%,
P = 0.098).

The average survival time was 5.8,
6.1, 5.8, and 5.4 years in the four groups.
Figure 1 depicts the Kaplan-Meier
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survival curves according to HbA1c levels.
The lowest survival rates were found in pa-
tients with HbA1c .7.5% (58 mmol/mol),
and the highest survival rates in patientswith
HbA1c 6.5–6.99% (48–52 mmol/mol).
The lines separated after 1 year of follow-
up and remained separated during the en-
tire follow-up period.

HbA1c levels and coronary
revascularization
A total of 285 subjects underwent coro-
nary revascularization procedures (PCI or
CABG) during the follow-up years. Cor-
onary intervention rates were 9.7, 11,
9.5, and 7% in the four groups (Table 3).
A multivariate model, adjusted for age,
sex, previous IHD, previous PVD, previous

CRF, use of statin and hypoglycemic
medications, current smoking, BMI, sys-
tolic and diastolic blood pressure, total
cholesterol, HDL-c, LDL-c, and triglycer-
ides, was conducted. The revasculariza-
tion rate was highest in subjects with
HbA1c 6.5–6.99% (48–52 mmol/mol)
and significantly higher compared with
the HbA1c $7.5% (58 mmol/mol) group,
which had the lowest revascularization
rate (adjusted HR 1.6 [95% CI 1.01–
2.4], P , 0.05). Because of the broad
range of HbA1c in the fourth group, we
divided these subjects into two subgroups:
HbA1c 7.5–8.5% (58–69 nmol/mol) and
HbA1c .8.5% (.69 nmol/mol). There
was a lower revascularization rate in sub-
jects with HbA1c .8.5% (69 nmol/mol)

compared with subjects with HbA1c 7.5–
8.5% (58–69 nmol/mol) levels, but this
difference was not statistically significant
(5.1 vs. 8.1%, P = 0.26).

CONCLUSIONSdEvidence on the
optimal glycemic control for the sub-
group of patients with new-onset DM in
older age (65 years of age and above) is
limited. The few studies that compared
elderly subjects with new-onset DM to
nondiabetic patients demonstrated short-
term elevation in all-cause and cardiovascu-
larmortality (6–10) and long-term elevation
ofmicrovascular andmacrovascular compli-
cations (7). None of these studies checked
the association of glycemic control with
mortality or diabetes complications. As a

Table 1dBaseline characteristics of the subjects stratified by their HbA1c levels

1 2 3 4

HbA1c level
,6.5%

(48 mmol/mol)
6.5–6.99%

(48–52 mmol/mol)
7–7.49%

(53–57 mmol/mol)
$7.5%

(58 mmol/mol) P value

n 1,580 611 367 436
HbA1c (mean) 5.9 6 0.4 6.7 6 0.14 7.2 6 0.15 8.4 6 1.1 ,0.001
HbA1c (range) 4.3–6.5 6.5–6.99 7.0–7.49 7.5–16.1
Mean follow-up (years) 5.5 6 2.1 5.8 6 1.9 5.6 6 2.1 5.3 6 2.3 0.002
Age (years) 76.1 6 6.8 75.3 6 6.6 74.8 6 6.1 74.8 6 6.9 ,0.001
Men (%) 790 (50) 277 (45) 179 (49) 202 (46) ,0.001
Fasting blood glucose (mg/dL) 118 6 17 130 6 20.3 142 6 21 169 6 37 ,0.001
Total cholesterol (mg/dL) 178 6 31 181 6 31 185 6 34 191 6 34 ,0.001
LDL-c (mg/dL) 104 6 20 105 6 26 106 6 30 112 6 29 ,0.001
HDL-c (mg/dL) 50 6 12 49 6 11 48 6 14 48 6 13 0.071
Triglycerides (mg/dL) 132 6 54 138 6 54 148 6 68 159 6 69 ,0.001
BMI (kg/m2) 27.7 6 4.6 28.5 6 4.9 28.8 6 5.3 28.5 6 4.6 ,0.001
Current smoking (%) 3.9 6.4 6.3 6.9 0.003
Systolic blood pressure 136 6 14 137 6 14 137 6 14 137 6 14 0.102
Diastolic blood pressure 74 6 7 75 6 7 76 6 7 76 6 8 ,0.001
Previous IHD (%) 14.2 11.8 15.5 11.9 0.224
Previous PVD(%) 3.7 2.8 2.2 1.8 0.148
Previous CRF (%) 21.8 15.4 15.8 14.2 ,0.001

Data are presented as mean 6 SD or %.

Table 2dHRs for all-cause mortality according to HbA1c levels

HbA1c % group

HbA1c %
,6.5%

(48 mmol/mol)
6.5–6.99%

(48–52 mmol/mol)
7–7.49%

(53–57 mmol/mol)
$7.5%

(58 mmol/mol)

Mortality, n (%) 646 (41) 194 (32) 134 (36) 199 (46)
Mortality (n/1,000 person-years) 74.3 54.7 65.2 86.1
Unadjusted HR (95% CI) 1.4 (1.2–1.6) 1 (reference group) 1.2 (0.96–1.5) 1.6 (1.3–1.9)
P value ,0.0001 d 0.1 ,0.0001
Adjusted HR (95% CI); age, sex, BMI, HTN,
current smoking, IHD, CRF, DM
medications, statins, LDL 1.03 (0.9–1.2) 1 1.2 (0.99–1.5) 1.4 (1.1–1.6)

P value 0.7 d 0.052 ,0.01
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consequence, the guidelines of the interna-
tional diabetic and geriatric associations do
not deal with this special population
(11,12).

In this large observational cohort
study, we have demonstrated that HbA1c

level $7.5% (58 mmol/mol) during 7
years follow-up in elderly patients with
new-onset DM is associated with signifi-
cantly increased all-cause mortality com-
pared with lower HbA1c levels. Within
this group of patients, HBA1c .8.5%
(69 nmol/mol) was associated with an
even higher mortality rate, although this

difference did not reach statistical signifi-
cance. The lowest mortality rate was
found in subjects with HbA1c 6.5–
6.99% (48–52 mmol/mol). Data regard-
ing the cause of death and prevalence of
hypoglycemia were not available.

It is important to emphasize that the
subjects with the highest HbA1c levels had
an unfavorable cardiovascular risk factors
profile, including higher LDL-c and tri-
glyceride level, lower HDL-c, higher
smoking rate, and higher diastolic blood
pressure. In addition, the use of statins
was lowest in subjects with HbA1c

$7.5% (58 mmol/mol) and highest in
subjects with HbA1c 6.5–6.99%. Never-
theless, the difference in mortality rates
remained statistically significant after
multivariate analysis. Kaplan-Meier sur-
vival plots revealed lower survival rates
in this group of patients.

The association between glycemic
control, diabetes complications, andmor-
tality has been investigated for many
years. A large retrospective cohort study
of patients older than 50 years with long-
standing type 2 DM and intensive hypogly-
cemic treatment demonstrated a U-shaped
pattern of risk association between HbA1c

levels and mortality. HbA1c of ;7.5%
(58 mmol/mol) was associated with the
lowest all-cause mortality rate (13). The
difference in mortality patterns between
our finding and the aforementioned
study underscores the need to differen-
tially treat elderly patients with new-onset
DMand elderly patientswith long-standing
disease.

The group with the lowest HbA1c

had a higher mortality rate compared
with the 6.5–6.99% group. This finding
is in accordance with other study find-
ings, which demonstrated higher mortal-
ity in elderly patients with very tight
glycemic control (13,14). In our study,
the same pattern was found in the elderly
with new-onset DM. However, the former
studies included subjects with long-
standing DM who were intensively treated
with various hypoglycemic medications,
whereas in our cohort, only 11.2% of
these subjects used hypoglycemic medica-
tions. We assume that the mildly elevated
glucose of the subjects in the first group of
our cohort may reflect other detrimental
disease and is not directly related to DM or
its treatment.

The second main finding of our study
is that coronary revascularization rates
were significantly higher in subjects with

Figure 1dKaplan-Meier survival plots for all-cause mortality according to HbA1c levels.

Table 3dHRs for coronary revascularization (PCI and CABG) according to HbA1c levels

HbA1c % group

,6.5%
(48 mmol/mol)

6.5–6.99%
(48–52 mmol/mol)

7–7.49%
(53–57 mmol/mol)

$7.5%
(58 mmol/mol)

Coronary revascularization number (%) 153 (9.7) 66 (11) 35 (9.5) 31 (7)
Coronary revascularization (n/1,000 person-years) 17.6 18.6 17.0 13.4
Unadjusted HR (95% CI) 1.3 (0.86–1.85) 1.7 (1.1–2.6) 1.5 (0.91–2.4) 1 (reference group)
P value 0.24 ,0.05 0.11 d
Adjusted HR (95% CI); age, sex, BMI, HTN, current smoking,
IHD, CRF, DM medications, statins, LDL 1.4 (0.96–2.1) 1.6 (1.01–2.4) 1.4 (0.86–2.3) 1 (reference group)

P value 0.08 ,0.05 0.2 d
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HbA1c 6.5–6.99% (48–52 mmol/mol)
compared with subjects with HbA1c

$7.5% (58mmol/mol), who had the low-
est revascularization rate. Within this
group of patients, HbA1c .8.5% was as-
sociated with an even lower revasculari-
zation rate, although this difference was
not significant. This inverse relationship
between mortality and revascularization
rates may reflect a protective effect of re-
vascularization against mortality in el-
derly patients with new-onset DM.
Another possibility is that the poor glyce-
mic control of patients in the fourth group
is a marker for suboptimal medical treat-
ment: only 37.4% of them received hypo-
glycemic medications regularly, the statin
use in this group was lowest, the current
smoking rate was highest, and they un-
derwent less revascularization procedures.
Considerable reasons for undertreatment
include poor compliance for medical
treatment, lower accessibility to medical
services, or poor functional status. Unfor-
tunately, the CHS database does not in-
clude information regarding these issues.

Although our study is the first to
investigate the association of HbA1c, mor-
tality, and coronary revascularization in
elderly patients with new-onset DM, it
has several potential limitations that
should be considered. First, more than
half of the subjects who fulfilled the in-
clusion criteria were excluded from anal-
ysis because they did not have HbA1c

measurements. These patients were sig-
nificantly older, had significantly lower
fasting blood glucose, underwent less re-
vascularization procedures, and had a
much higher mortality rate. Second, the
HbA1c level of the first group ranged from
4.3 to 6.5% (29–48 mmol/mol), which
means that probably a portion of this
group did not have DM at all. It is impor-
tant to emphasize that in this group,
21.8% of the subjects had previous CRF.
HbA1c values may be falsely elevated or
decreased in diabetic subjects with
chronic kidney disease; however, in
most of the methods used to measure
HbA1c, this difference is not clinically sig-
nificant (clinically significant difference is
defined as $0.5) (15,16). Nevertheless,
in accordance with the low HbA1c, the
mean glucose and mean triglyceride

values of these subjects were the lowest,
as well. This suggests that as a group, we
can rely on the HbA1c results. On the
other hand, the group of patients with
HbA1c $7.5% (58 mmol/mol) also had
heterogeneous glycemic control (HbA1c

7.5% 216.1% [58–152 mmol/mol]).
Subanalysis of this group of patients
showed that the mortality rate was higher
and revascularization rate lower with
HbA1c levels .8.5% (69 nmol/mol).
Third, the study was not designed to ex-
amine the potential influence of a specific
glucose-lowering agent on mortality and
revascularization.

Our study is the first in the published
literature that focuses on the association
between glycemic control, mortality, and
revascularization in elderly patients with
new-onset DM. In accordance with our
findings, an HbA1c target of ,7.5% (58
mmol/mol) is associated with a lower mor-
tality rate in elderly patients with new-onset
DM. Further research is needed to deter-
mine the recommended glycemic control
target in this unique population.
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