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OBJECTIVE

Hemoglobin A1c (HbA1c) level has been associated with increased mortality in
middle-aged populations. The optimal intensity of glucose control in older adults
with diabetes remains uncertain. We sought to estimate the risk of mortality by
HbA1c levels among older adults with and without diabetes.

RESEARCH DESIGN AND METHODS

We analyzed data from adults aged ‡65 years (n = 7,333) from the Third National
Health and Nutrition Examination Survey (NHANES III) (1998–1994) and Continu-
ous NHANES (1999–2004) and their linked mortality data (through December
2011). Cox proportional hazards models were used to examine the relationship
of HbA1c with the risk of all-cause and cause-specific (cardiovascular disease
[CVD], cancer, and non-CVD/noncancer) mortality, separately for adults with di-
abetes and without diabetes.

RESULTS

Over a median follow-up of 8.9 years, 4,729 participants died (1,262 from CVD,
850 from cancer, and 2,617 from non-CVD/noncancer causes). Compared with
those with diagnosed diabetes and an HbA1c <6.5%, the hazard ratio (HR) for
all-cause mortality was significantly greater for adults with diabetes with an
HbA1c >8.0%. HRs were 1.6 (95% CI 1.02, 2.6) and 1.8 (95% CI 1.3, 2.6) for HbA1c

8.0–8.9% and ‡9.0%, respectively (P for trend <0.001). Participants with undiag-
nosed diabetes and HbA1c >6.5% had a 1.3 (95% CI 1.03, 1.8) times greater risk
of all-cause mortality compared with participants without diabetes and HbA1c

5.0–5.6%.

CONCLUSIONS

An HbA1c >8.0% was associated with increased risk of all-cause and cause-specific
mortality in older adults with diabetes. Our results support the idea that better
glycemic control is important for reducing mortality; however, in light of the
conflicting evidence base, there is also a need for individualized glycemic targets
for older adults with diabetes depending on their demographics, duration of di-
abetes, and existing comorbidities.
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Studies in middle-aged adults report that
higher levels of glycated hemoglobin
(HbA1c) are associated with an increased
risk of mortality among individuals with
diabetes (1). In a nationally representative
sample of adults 20 years of age and older
from the National Health and Nutrition
Examination Survey (NHANES), higher lev-
els of HbA1c were associatedwith a higher
risk of all-cause and cause-specific (e.g.,
cardiovascular disease [CVD] and cancer)
mortality (1). However, few studies have
had sufficient data to assess the associa-
tion between HbA1c and mortality in an
exclusive sample of adults aged 65 years
and older with and without diabetes, a
population at potentially higher risk of ad-
verse diabetes-related complications.
In the late 1990s, the UK Prospective

Diabetes Study (UKPDS) showed a reduc-
tion in microvascular complications (e.g.,
neuropathy and retinopathy) associated
with intensive glucose lowering (2,3),
which led to the recommendation of
more intensive treatment to lower
HbA1c (i.e., HbA1c ,7.0%) in adults
with diabetes. However, in the late
2000s, the Action to Control Cardiovascu-
lar Risk in Diabetes (ACCORD) Study
Group found that very intensive therapy
(i.e., HbA1c ,6.5%) resulted in increased
mortality over 3.5 years (4). The Veterans
Affairs Diabetes Trial (VADT) also found
that very intensive glucose lowering did
not reduce mortality or diabetes-related
complications (5). Post hoc analyses of
these and other trials have also shown
benefits with respect to cardiovascular
events and mortality (6,7). Largely, data
on the benefits and outcomes associated
with HbA1c lowering remain heteroge-
neous, particularly among populations
of older adults (8–11). Therefore, more
studies of the HbA1c–mortality relation-
ship are needed to affirm the current clin-
ical practice recommendations and
guidelines related to the care of diabetes
for older adults (12).
In 2013, the American Geriatrics Soci-

ety (AGS) Expert Panel on the Care of
Older Adults with Diabetes Mellitus
published updated guidelines on im-
proving the care of older adults with di-
abetes (13). General recommendations
for glycemic control include the follow-
ing: 1) target HbA1c goal between 7.5
and 8.0%, 2) target HbA1c may be low-
ered to between 7.0 and 7.5% if the
older adult is considered healthy with
few comorbidities and good functional

status, and 3) target HbA1c may be in-
creased to between 8 and 9% if the older
adult has multiple comorbidities, is in
poor health, or has a limited life expec-
tancy. It is recommended that glycemic
goals be individualized depending on
the patient goals, life expectancy, and
overall health status. Consensus panel
recommendations from the American
Diabetes Association (ADA), as well as
the current American Association of
Clinical Endocrinologists (AACE) and Eu-
ropean Association for the Study of Di-
abetes (EASD) guidelines and position
statements, promote the individualiza-
tion of glycemic targets in older adults
based on health status (14,15).

Given these recent recommendations,
we sought to examine the risk of all-cause
and cause-specific mortality across HbA1c
levels to inform these clinical recommen-
dations in a nationally representative
sample of older adults. We analyzed
data from the NHANES III (1988–1994)
and Continuous NHANES (1999–2004)
and their linked mortality data (through
December 2011) to determine the risk of
mortality by levels ofHbA1c in older adults
with and without diabetes.

RESEARCH DESIGN AND METHODS

NHANES and Linked Mortality File
The National Center for Health Statistics
(NCHS) established the NHANES, a series
of cross-sectional examinations that were
designed to study diseases and their risk
factors among community-dwelling indi-
viduals 20 years of age and older in the
U.S. The NHANES examinations include
interview survey questions on health
and nutrition and a physical exam with
laboratory testing. We analyzed data
from the survey interview and physical
examination within NHANES III (1988–
1994, n = 33,994) and Continuous
NHANES (1999–2004, n = 31,126) and
their linkedmortalitydata (through31De-
cember 2011). In total, 8,969 participants
were 65 years of age and older from
NHANES III (n = 5,252) and Continuous
NHANES (n = 3,717). For this analysis,
the study population was limited to
adults $65 years of age who had avail-
able data on physician diagnosis of diabe-
tes, oral and/or insulin medication use,
and HbA1c (n = 7,333).

Diabetes and HbA1c Assessment
At the NHANES examination, participants
were asked the following questions about

their health and diabetes: “Have you ever
been told by a doctor or other health pro-
fessional you had diabetes or sugar diabe-
tes?”; “Are you now taking insulin?”; and
“Are you now taking diabetes pills?” Indi-
viduals were categorized by diabetes sta-
tus (no diabetes, undiagnosed diabetes,
and diagnosed diabetes) based on their
response to these questions and their
measured HbA1c at baseline. If partici-
pants answered no to 1) a physician diag-
nosis of diabetes and 2) oral and/or insulin
medication use, they were categorized as
not having diagnosed diabetes. These par-
ticipants were further stratified into the
following HbA1c categories: ,5.0% (ex-
cluding participants with HbA1c ,4.5%
from the analytic sample), 5.0–5.6%, or
5.7–6.4%. Individuals were classified as
having undiagnosed diabetes if they
met all of the following criteria: 1) no
self-report of a physician diagnosis of di-
abetes, 2) no self-report of oral and/or
insulin medication use, and 3) an
HbA1c $6.5%. Older adults were consid-
ered to have diagnosed diabetes if they
met any of the following criteria: 1) self-
report of a physician diagnosis of diabetes
or 2) self-report of oral and/or insulin
medication use. These individuals were
further stratified into the following
HbA1c categories: ,6.5% (excluding par-
ticipants with HbA1c ,4.5% from the
analytic sample), 6.5–6.9%, 7.0–7.9%,
8.0–8.9%, or$9.0%.

Mortality Outcomes
Ascertainment of mortality in NCHS,
which includes those survey participants
from NHANES, was based on a probabilis-
tic record match between participants in
NHANES and the National Death Index
(NDI) death certificate records (16).
Briefly, the NDI is an NCHS centralized
database of all deaths in the U.S. begin-
ning in 1979. Several sources are used to
determine vital status, including linkages
with the U.S. Social Security Administra-
tion and/or through active follow-up of
survey participants. Mortality outcomes
of interest in this analysis include all-
cause and cause-specific (CVD, cancer,
and non-CVD/noncancer), based on ICD-
10 codes defined in NHANES.

Statistical Analyses
An initial descriptive analysis utilized x2

and ANOVA tests to examine significant
differences in baseline demographic
and disease characteristics across levels
of HbA1c and diabetes status. Cox
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proportional hazards regression models
were used to calculate hazard ratios
(HRs) and 95% CI for the association of
HbA1c levels with all-cause and cause-
specific mortality (CVD, cancer, and
non-CVD/noncancer), adjusted for
potential confounders of the HbA1c–

mortality associations including age,
sex, race/ethnicity, education, BMI,
smoking status, HDL cholesterol, and hy-
pertension. Models were run separately
among 1) participants without diabetes
or with undiagnosed diabetes (refer-
ence: no diabetes and HbA1c 5.0–5.6%,
given a larger sample size and prior lit-
erature that suggests an increased risk
of mortality for very low HbA1c levels
[17]) and 2) participants with diagnosed
diabetes (reference: diabetes and
HbA1c,6.5%).We also performed strat-
ified analyses for all-cause mortality by
age (65–75 years vs. .75 years), sex,
race (non-Hispanic white, non-Hispanic
black, or Mexican American/other His-
panic), and presence of CVD. Addition-
ally, among individuals with diagnosed
diabetes only, we examined all-cause
mortality by duration of diabetes and
treatment modality (any oral vs. any in-
sulin). Independent of diagnosed diabe-
tes status, a subsidiary analysis was
performed to quantify the HR of all-
cause mortality across all HbA1c levels
(reference: HbA1c 5.0% for all compari-
sons). All analyses were weighted to
represent the U.S. population and to ac-
count for the complex survey design.
Analyses were performed using STATA
13.0 (STATA Corp, College Station, TX).

Sensitivity Analysis
Because diabetes type is not available
within the NHANES data, we are uncer-
tain as to whether the participants with
diabetes have type 1 or type 2 diabetes.
To address this, we performed a sensi-
tivity analysis excluding participants
with a diagnosis of diabetes before the
age of 30 years (n = 279).

RESULTS

Baseline demographic and clinical charac-
teristics of the study population are pro-
vided in Table 1 by diabetes status and
HbA1c level. Participants without diabetes
and with a higher HbA1c level were more
often non-Hispanic black, had a higher
BMI, and had lower HDL cholesterol. As
expected, individuals without diabetes
and in the highest category of HbA1c

($6.5%), who would be classified as hav-
ing undiagnosed diabetes, exhibited com-
monmetabolic and sociodemographic risk
factors for this group (i.e., these partici-
pants were more often non-Hispanic
black and had a less than high school
education, a higher CVD burden, and
lower HDL cholesterol). Among those
with diagnosed diabetes, there were a
greater proportion of women across
higher HbA1c categories. There were
also a higher proportion of participants
who had a less than a high school educa-
tion and prevalent CVD across higher
HbA1c categories. Mean HDL cholesterol
was lower across higher HbA1c categories
among those with diabetes. Duration of
diabetes was shorter among individuals
with diabetes across higher HbA1c cate-
gories (P, 0.001). Insulin use was report-
ed more frequently among adults with
diabetes in higher HbA1c categories
(P , 0.001).

The median follow-up was 8.9 years.
Among those participants who died (n =
4,729 [64.5%], 73.7 per 1,000 person-
years), 1,262 (26.7%) died due to CVD,
850 (18.0%) died due to cancer, and
2,617 (55.3%) died due to non-CVD/
noncancer related causes. Table 2 pro-
vides the unadjusted mortality rate (per
1,000 person-years) across HbA1c levels
and diabetes status for all-cause and
cause-specific mortality. The mortality rate
increased from 77.5 per 1,000 person-
years among individuals with diagnosed
diabetes (n = 1,279) who have an
HbA1c ,6.5%, to 97.1 and 104.4 per 1,000
person-years for individuals with diabetes
and an HbA1c of 8.0–8.9% and $9.0%, re-
spectively. For persons with diabetes,
modest mortality rate increases were
observed across HbA1c levels for CVD-
related (20.0 per 1,000 person-years
for HbA1c ,6.5% compared with 25.9
and 31.5 per 1,000 person-years for
HbA1c 8.0–8.9% and $9.0%, respectively)
and cancer-related mortality (11.1 per
1,000 person-years for HbA1c ,6.5% com-
pared with 15.6 per 1,000 person-years
for HbA1c 8.0–8.9%). The HR for all-
cause mortality increased significantly
across HbA1c levels among older
adults with and without diabetes (both
P for trend ,0.001). Specifically, an
HbA1c .8.0% was associated with in-
creased risk of all-cause and cause-
specific mortality in older adults with
diabetes. Compared with participants
with diabetes and an HbA1c ,6.5%, the

risk of CVD mortality increased signifi-
cantly only for those participants with an
HbA1c $9.0% (HR 2.5 [95% CI 1.1, 5.3]).

Among individuals with no diabetes or
undiagnosed diabetes (n = 6,054), the HR
for all-cause and non-CVD/noncancer
mortality increased significantly across
HbA1c levels compared with individuals
with normoglycemia (HbA1c 5.0–5.6%)
(Table 2). However, the HRs for CVD-
and cancer-specific mortality did not dif-
fer significantly across HbA1c levels.

Stratified analyses were performed to
examine possible differences in HRs for
all-cause mortality by age strata (65–75
years and.75 years), sex, race, presence
of CVD, duration of diabetes, and diabetes
treatment modality (Table 3). The risk of
all-cause mortality increased across all
HbA1c categories among adults aged 65–
74 years, while mortality was not signifi-
cantly higher among adults aged 75 years
and older across any HbA1c category. As-
sociations were stronger in non-Hispanic
whites and Mexican American/other His-
panic individuals than in non-Hispanic
blacks. The risk of all-cause mortality was
most pronounced among females and in-
dividuals with prevalent CVD and an
HbA1c .8.0%. In this sample of older
adults, duration of diabetes and diabetes
treatment modality did not significantly
impact the risk ofmortality among individ-
uals with diagnosed diabetes, although
this finding may be confounded by indica-
tion for disease severity.

Figure 1 presents the adjusted HR of all-
cause mortality by HbA1c, overlaid by the
population distribution of HbA1c. This fig-
ure indicates that the risk of all-causemor-
tality appears to increase significantly
above an HbA1c of 6.5% compared with
the referent HbA1c of 5.0%. The adjusted
relative HRs (95% CI) for the association
between HbA1c levels among individ-
uals with and without diabetes and
all-cause and cause-specific mortality
(reference: no diabetes and HbA1c 5.0–
5.6% for all comparisons) is provided in
Supplementary Table 1. The risk of all-
causemortality was significantly increased
among those with diagnosed diabetes and
an HbA1c,6.5% (HR 1.3 [95% CI 1.0, 1.6]),
HbA1c 6.5–7.0% (HR 1.6 [95% CI 1.1, 2.5]),
HbA1c 7.0–7.9% (HR 1.6 [95% CI 1.2, 2.3]),
HbA1c 8.0–8.9% (HR 2.2 [95% CI 1.3, 3.7]),
andHbA1c$9.0% (HR2.6 [95%CI 2.0, 3.4])
compared with the referent group (no di-
abetes, HbA1c 5.0–5.6%). The HR for
CVD mortality among individuals with
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diagnosed diabetes was only significant at
an HbA1c of $9.0% (HR 3.2 [95% CI 1.8,
5.7])whencomparedwith individualswith-
out diabetes and with an HbA1c between
5.0 and 5.6%. Cancer mortality risk in-
creased significantly at an HbA1c between
8.0 and 8.9% (HR 2.7 [95% CI 1.3, 5.6])
only. The risk of non-CVD/noncancer mor-
tality was significantly increased among
those with diagnosed diabetes and
HbA1c ,6.5% (HR 1.7 [95% CI 1.3, 2.3]),
HbA1c 6.5–7.0% (HR 2.1 [95% CI 1.2, 3.5]),
HbA1c 7.0–7.9% (HR 1.8 [95% CI 1.2, 2.9]),
andHbA1c$9.0% (HR 2.9 [95%CI 2.0, 4.4])
compared with the referent group (no di-
abetes, HbA1c 5.0–5.6%).

Sensitivity Analysis
Excluding participants with a diagnosis of
diabetes before the age of 30 years, we
observed a significant association with in-
creased risk of all-cause mortality at an
HbA1c $9.0% (HR 1.7 [95% CI 1.2, 2.5]);
however, the association of HbA1c level
and cardiovascular mortality was attenu-
ated andno longer significant acrossHbA1c
levels after this exclusion (P . 0.05). The
results and inferences were similar for
both mortality due to cancer and non-
CVD/noncancer mortality.

CONCLUSIONS

Results from this analysis of a nationally
representative sample of adults 65 years
and older showed that the risk of all-
cause, CVD, and cancer mortality appears

to increase significantly aboveanHbA1c of
8.0% among older adults with diabetes.
The current recommendations for older
adults with diabetes put forth by the
ADA suggest a reasonable HbA1c goal
of ,7.5% for healthy patients with few
comorbidities and intact functional abil-
ities (18). Our findings also suggest a
higher risk of mortality among sub-
groups of participants aged 65–75 years,
non-Hispanic white or Mexican Ameri-
can/other Hispanic individuals, and those
with prevalent CVD. Particularly for par-
ticipants with diabetes and prevalent
CVD, the risk of all-cause mortality in-
creased significantly for those with an
HbA1c $8.0%, confirming the ADA’s rec-
ommendations of a reasonable HbA1c
goal of,8.0% for those patients with ex-
isting comorbidities (18). For participants
without diabetes or with undiagnosed di-
abetes, the risk of all-cause and non-CVD/
noncancer mortality also increased with
a higher HbA1c level, compared with a
referent of HbA1c 5.0–5.6%. The mecha-
nisms underlying these associations
remain unclear. One explanation is
that a higher HbA1c exacerbates cardio-
vascular complications and therefore
subsequently increases the risk of death.
Moreover, higher HbA1c may be a
marker of suboptimal self-management,
resulting in a higher risk of diabetes-
relatedcomplications, suchasnephropathy
and microvascular disease, that are asso-
ciated with all-causemortality (19). Other

potential mechanisms include access to
health care/quality of health care, diabe-
tes education, and progressive loss of
b-cell function. Unfortunately, the limita-
tions of the NHANES data do not allow us
to examine these potential mechanisms.

In general, data on outcomes associ-
ated with glycemic control among older
adults are sparse. In a retrospective cohort
study of 71,092 patients with type 2 di-
abetes 60 years of age and older en-
rolled in Kaiser Permanente Northern
California, a U-shaped relationship was
observed between HbA1c and mortality
(20). Compared with the patients with
HbA1c ,6.0%, mortality risk was lower
for HbA1c levels between 6.0 and 9.0%
and higher at HbA1c $11.0%. In the UK
General Practice Research cohort study
of patients aged 50 years and older with
type 2 diabetes, compared with patients
with HbA1c decile (median HbA1c 7.5%
[interquartile range (IQR) 7.5, 7.6]), the
adjusted HR of all-cause mortality in the
lowest HbA1c decile (median 6.4% [IQR
6.1, 6.6]) was 1.52 (95% CI 1.32, 1.76)
and in the highest HbA1c decile (median
10.5% [IQR 10.1, 11.2]) was 1.79 (95% CI
1.56, 2.06). Results showed a general
U-shaped association, with the lowest
HR at an HbA1c of ;7.5% (21). In a
clinic-based setting, the ZODIAC-20 study
researchers in the Netherlands showed
that among type 2 participants with dia-
betes aged75 and olderwith a duration of
disease ,5 years, an increase of 1% in

Table 1—Baseline characteristics of 7,333 NHANES III (1988–1994) and Continuous NHANES (1999–2004) participants aged
65 years and older by HbA1c levels and diabetes status

Characteristic

No diabetes
Undiagnosed
diabetes Diagnosed diabetes

,5.0%
(n = 381)

5.0–5.6%
(n = 3,252)

5.7–6.4%
(n = 2,080)

$6.5%
(n = 341)

,6.5%
(n = 447)

6.5–7.0%
(n = 193)

7.0–7.9%
(n = 272)

8.0–8.9%
(n = 166)

$9.0%
(n = 201)

Age (years) 73.5 (0.2) 72.7 (0.4) 74.0 (0.2) 73.8 (0.5) 73.7 (0.4) 74.2 (0.6) 72.7 (0.5) 72.5 (0.6) 72.5 (0.6)

Female sex* 59.1 54.4 57.6 44.0 57.8 56.1 49.4 53.5 65.8

Non-Hispanic black* 4.4 7.3 9.2 16.4 11.1 14.5 9.7 13.5 14.1

Less than high school
education* 33.3 37.0 41.5 41.8 41.5 45.6 46.2 43.7 52.5

Current smoker 20.3 25.3 25.0 17.9 18.1 16.4 21.7 7.4 16.7

Cancer 23.7 24.5 22.9 22.4 24.0 16.4 19.6 22.7 23.7

CVD* 26.1 31.5 31.0 33.8 42.5 48.8 47.0 52.4 58.1

BMI (kg/m2)* 26.5 (0.1) 25.9 (0.3) 27.6 (0.2) 29.4 (0.3) 29.4 (0.4) 30.3 (0.7) 29.3 (0.5) 30.0 (0.6) 29.6 (0.7)

HDL cholesterol (mg/dL)* 55.5 (0.5) 56.4 (1.4) 51.0 (0.5) 45.9 (1.2) 50.3 (1.1) 48.9 (1.2) 44.3 (1.3) 46.2 (1.4) 47.1 (1.7)

Diabetes duration (years)* 30.6 (2.7) 32.8 (2.3) 25.1 (1.7) 19.1 (2.7) 19.1 (1.6)

Oral diabetes medication
user 52.4 65.3 58.2 63.2 55.0

Insulin user* 15.8 23.1 38.7 37.0 53.0

Data are weighted estimates. Data are % or means (SE). *P for trend ,0.05 across HbA1c categories.
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HbA1c was associated with an increase in
all-cause and CVD mortality risk of 51%
(95% CI 17, 95%) and 72% (95% CI 19,
148%), respectively. No association be-
tween HbA1c and mortality was observed
for patients with diabetes duration .5
years (10). Insurance claim information
from the Sharon-ShomronDistrict of Israel
found that among 2,994 older adult par-
ticipants with newly diagnosed diabetes,
an HbA1c level$7.5%was associatedwith
an increased risk of all-cause mortality,
comparedwith thosewithHbA1c between
6.5 and 7% (HR 1.4 [95% CI 1.1, 1.6]) (22).
Although informative, these studies may
not be generalizable to populations of
older adults at high risk for adverse out-
comes. To the best of our knowledge, our
study is the first nationally representative
study in the U.S. to examine the associa-
tions between HbA1c andmortality specif-
ically in older adults.

In the setting of older adults, the de-
cision to aggressively treat an individual
patient’s glucose levels is highly nuanced
and cannot be based solely on findings
from studies of general populations like
NHANES. A post hoc epidemiologic analy-
sis of the ACCORD trial showed that those
participants with a higher mortality in the
intensive treatment arm were individuals
whose HbA1c did not respond to inten-
sive glucose management (23). A lack of
positive outcomes associated with inten-
sive glucose management, and therefore
differential risk of mortality, may be a re-
sult of an individual’s comorbidities and
risk-factor profile. In particular, the results
from one post hoc analysis of the
ACCORD study highlighted the need to
characterize and examine comorbid con-
ditions when identifying risk of mortality
in the setting of glycemic control, as the
overall health of a participant bears a
large effect on the mortality risk. Spe-
cifically, Papademetriou et al. (24) dem-
onstrated that the excess mortality
among the intensively treated group in
the ACCORD study was in individuals
who exhibited detectable but low levels
of renal function that were not large
enough to warrant exclusion from study
entry. In addition to the ACCORD trial,
several other studies have examined rel-
evant factors (i.e., level of comorbidity
[25], duration of diabetes [26]) that may
modify the potential benefits of intensive
blood glucose control. The results from
ACCORD and other clinical studies affirm
what has been put forth by the ADA, AGS,

T
a
b
le

2
—
R
e
la
tiv

e
H
R
s
(9
5
%

C
I)
fo
r
th

e
a
sso

cia
tio

n
b
e
tw

e
e
n
H
b
A
1
c
cu

t
p
o
in
ts

a
m
o
n
g
in
d
iv
id
u
a
ls

w
ith

a
n
d
w
ith

o
u
t
d
ia
b
e
te
s
a
n
d
a
ll-ca

u
se

a
n
d
ca

u
se

-sp
e
cifi

c
m
o
rta

lity
a
m
o
n
g

7,3
3
3
a
d
u
lts

a
g
e
d
6
5
y
e
a
rs

a
n
d
o
ld
e
r
fro

m
N
H
A
N
E
S
III

(19
8
8
–
19

9
4
)
a
n
d
C
o
n
tin

u
o
u
s
N
H
A
N
E
S
(19

9
9
–
2
0
0
4
)
th
ro

u
g
h
D
e
ce

m
b
e
r
2
0
11

N
o
d
iab

etes
U
n
d
iagn

o
sed

d
iab

etes
D
iagn

o
sed

d
iab

etes

,
5.0%

(n
=
381)

5.0
–5.6%

(n
=
3,252)

5.7
–6.4%

(n
=
2,080)

$
6.5%

(n
=
341)

,
6.5%

(n
=
447)

6.5
–7.0%

(n
=
193)

7.0
–7.9%

(n
=
272)

8.0
–8.9%

(n
=
166)

$
9.0%

(n
=
201)

A
ll-cau

se
m
o
rtality

0.9
(0.7,1.2)

1.0**
(referen

ce)
1.2*

(1.01,1.3)
1.3*

(1.03,1.8)
1.0**

(referen
ce)

1.2
(0.8,1.7)

1.2
(0.8,1.7)

1.6*
(1.02,2.6)

1.8*
(1.3,2.6)

R
ate

p
er

1,000
p
erso

n
-years

75.4
(67.1,84.7)

61.8
(59.2,64.6)

67.7
(64.1,71.4)

70.8
(62.3,80.5)

77.5
(69.1,86.9)

89.6
(75.3,106.5)

83.8
(72.5,96.8)

97.1
(81.8,115.2)

104.4
(89.4,121.9)

C
V
D
m
o
rtality

0.9
(0.5,1.6)

1.0
(referen

ce)
1.1

(0.8,1.4)
1.4

(0.8,2.6)
1.0**

(referen
ce)

1.1
(0.5,2.6)

1.7
(0.8,3.4)

1.5
(0.6,4.1)

2.5*
(1.1,5.3)

R
ate

p
er

1,000
p
erso

n
-years

18.3
(14.4,23.1)

15.9
(14.6,17.3)

18.2
(16.5,20.2)

20.7
(16.3,26.2)

20.0
(16.1,25.1)

35.0
(26.5,46.2)

21.7
(16.4,28.8)

25.9
(18.6,36.1)

31.5
(23.7,41.8)

C
an
cer

m
o
rtality

0.8
(0.5,1.3)

1.0
(referen

ce)
1.1

(0.8,1.5)
0.8

(0.4,1.6)
1.0**

(referen
ce)

1.5
(0.4,5.2)

1.4
(0.6,3.4)

4.7*
(1.8,12.6)

2.4
(0.8,6.8)

R
ate

p
er

1,000
p
erso

n
-years

14.3
(10.9,18.7)

11.8
(10.7,13.0)

13.3
(11.8,15.0)

12.8
(9.4,17.3)

11.1
(8.2,15.0)

5.6
(2.8,11.2)

10.4
(6.9,15.7)

15.6
(10.1,23.9)

13.1
(8.5,20.4)

N
o
n
-C
V
D
/n
o
n
can

cer
m
o
rtality

1.0
(0.8,1.3)

1.0**
(referen

ce)
1.2*

(1.0,1.5)
1.6*

(1.1,2.4)
1.0

(referen
ce)

1.1
(0.7,1.9)

1.0
(0.6,1.5)

1.0
(0.4,2.4)

1.6*
(1.01,2.4)

R
ate

p
er

1,000
p
erso

n
-years

42.9
(36.7,50.0)

34.2
(32.2,36.3)

36.1
(33.5,38.8)

37.4
(31.3,44.6)

46.4
(40.0,53.8)

49.0
(38.8,61.9)

51.6
(43.0,62.0)

55.6
(44.3,69.7)

59.7
(48.6,73.4)

D
ata

are
w
eigh

ted
estim

ates.
M
o
d
els

are
ad
ju
sted

fo
r
age,sex,ed

u
catio

n
,race,cu

rren
t
sm

o
kin

g
statu

s,B
M
I,H

D
L
ch
o
lestero

l,an
d
h
yp
erten

sio
n
.
*P

,
0.05.**P

fo
r
tren

d
,
0.001.

care.diabetesjournals.org Palta and Associates 457

http://care.diabetesjournals.org


T
a
b
le

3
—
Su

b
g
ro

u
p
a
n
a
ly
si
s
o
f
re
la
ti
ve

H
R
s
(9
5
%

C
I)
fo
r
th
e
a
ss
o
ci
a
ti
o
n
b
e
tw

e
e
n
H
b
A
1
c
cu

t
p
o
in
ts

fo
r
in
d
iv
id
u
a
ls
w
it
h
a
n
d
w
it
h
o
u
t
d
ia
b
e
te
s
a
n
d
a
ll
-c
a
u
se

m
o
rt
a
li
ty

a
m
o
n
g
7,
3
3
3

a
d
u
lt
s
a
g
e
d
6
5
y
e
a
rs

a
n
d
o
ld
e
r
fr
o
m

N
H
A
N
E
S
II
I
(1
9
8
8
–
19

9
4
)
a
n
d
C
o
n
ti
n
u
o
u
s
N
H
A
N
E
S
(1
9
9
9
–
2
0
0
4
)
th
ro

u
g
h
D
e
ce

m
b
e
r
2
0
11

N
o
d
ia
b
et
es

U
n
d
ia
gn

o
se
d

d
ia
b
et
es

D
ia
gn
o
se
d
d
ia
b
et
es

,
5.
0
%

(n
=
38

1)
5.
0
–
5.
6%

(n
=
3,
25

2)
5.
7
–
6.
4
%

(n
=
2,
08

0)
$
6.
5
%

(n
=
34

1
)

,
6.
5
%

(n
=
44

7)
6.
5
–
7.
0%

(n
=
19

3
)

7.
0
–
7.
9
%

(n
=
27

2
)

8.
0
–
8.
9%

(n
=
16

6
)

$
9.
0
%

(n
=
20

1)

A
ge 65

–
74

ye
ar
s
(n

=
3,
96

4)
0.
9
(0
.7
,1

.2
)

1.
0
(r
ef
er
en

ce
)

1.
3
*
(1
.1
,1

.5
)

1.
4
*
(1
.0
3,

1.
9)

1.
0
(r
ef
er
en

ce
)

1.
1
(0
.7
,2

.0
)

1.
4
(0
.9
,2

.1
)

2.
1*

(1
.2
,3

.9
)

2.
0
*
(1
.0
,3

.5
)

$
75

ye
ar
s
(n

=
3,
36

9)
1.
2
(0
.9
,1

.6
)

1.
0
(r
ef
er
en

ce
)

1.
0
(0
.8
,1

.2
)

1.
3
(0
.9
,1

.9
)

1.
0
(r
ef
er
en

ce
)

1.
2
(0
.7
,1

.9
)

0.
8
(0
.5
,1

.4
)

1.
0
(0
.5
,1

.9
)

1.
5
(0
.9
,2

.6
)

Se
x M
al
e
(n

=
3,
57

4)
1.
0
(0
.8
,1

.3
)

1.
0
(r
ef
er
en

ce
)

1.
1
(1
.0
,1

.4
)

1.
2
(0
.9
,1

.7
)

1.
0
(r
ef
er
en

ce
)

1.
4
(0
.7
,2

.7
)

1.
5*

(1
.0
3,

2.
3
)

1.
5
(0
.8
,2

.7
)

1.
9
*
(1
.1
,3

.1
)

Fe
m
al
e
(n

=
3,
75

9)
0.
9
(0
.5
,1

.5
)

1.
0
(r
ef
er
en

ce
)

1.
2
(0
.9
,1

.5
)

1.
8
*
(1
.2
,2

.6
)

1.
0
(r
ef
er
en

ce
)

1.
2
(0
.6
,2

.2
)

1.
1
(0
.5
,2

.7
)

3.
0*

(1
.5
,6

.2
)

1.
7
(0
.6
,4

.5
)

R
ac
e/
et
h
n
ic
it
y

N
o
n
-H
is
p
an

ic
w
h
it
e

(n
=
4,
57

0)
0.
9
(0
.6
,1

.2
)

1.
0
(r
ef
er
en

ce
)

1.
2
(1
.0
,1

.3
)

1.
4
*
(1
.1
,1

.9
)

1.
0
(r
ef
er
en

ce
)

1.
3
(0
.8
,2

.0
)

1.
3
(0
.8
,2

.1
)

2.
0*

(1
.1
,3

.5
)

2.
2
*
(1
.4
,3

.4
)

N
o
n
-H
is
p
an

ic
b
la
ck

(n
=
1,
17

8)
1.
2
(0
.8
,1

.7
)

1.
0
(r
ef
er
en

ce
)

0.
9
(0
.7
,1

.1
)

1.
3
(0
.9
,1

.9
)

1.
0
(r
ef
er
en

ce
)

0.
7
(0
.2
,2

.2
)

0.
5
*
(0
.3
,0

.8
)

0.
7
(0
.4
,1

.3
)

1.
1
(0
.4
,2

.6
)

M
ex
ic
an

A
m
er
ic
an

/o
th
er

H
is
p
an
ic
(n

=
1,
30

2)
1.
6
(0
.8
,3

.1
)

1.
0
(r
ef
er
en

ce
)

1.
5
*
(1
.1
,2

.1
)

2.
6
*
(1
.5
,4

.6
)

1.
0*
*
(r
ef
er
en

ce
)

1.
3
(0
.7
,2

.6
)

0.
9
(0
.5
,1

.9
)

1.
1
(0
.5
,2

.7
)

1.
3
(0
.6
,2

.8
)

C
V
D Ye
s
(n

=
1,
38

3)
1.
0
(0
.5
,2

.1
)

1.
0
(r
ef
er
en

ce
)

1.
3
(1
.0
,1

.8
)

1.
2
(0
.7
,2

.0
)

1.
0
(r
ef
er
en

ce
)

1.
6
(0
.8
,3

.3
)

1.
3
(0
.7
,2

.5
)

4.
1
*
(1
.7
,1

0.
0)

2.
6
(0
.8
,8

.0
)

N
o
(n

=
2,
46

9)
1.
0
(0
.6
,1

.9
)

1.
0
(r
ef
er
en

ce
)

1.
0
(0
.7
,1

.3
)

1.
1
(0
.7
,1

.8
)

1.
0
(r
ef
er
en

ce
)

1.
3
(0
.5
,3

.1
)

0.
8
(0
.4
,1

.7
)

0.
9
(0
.2
,3

.3
)

3.
9*

(1
.4
,1

1.
3)

D
ia
b
et
es

d
u
ra
ti
o
n

#
10

ye
ar
s
(n

=
46

9)
1.
0
(r
ef
er
en

ce
)

1.
2
(0
.6
,2

.3
)

1.
7
(0
.9
,3

.0
)

1.
7
(0
.9
,3

.2
)

2.
0
(0
.9
,4

.4
)

.
10

ye
ar
s
(n

=
77

9)
1.
0
(r
ef
er
en

ce
)

1.
1
(0
.7
,1

.9
)

0.
9
(0
.5
,1

.5
)

1.
8
(0
.9
,3

.6
)

1.
6*

(1
.0
3,

2.
6
)

D
ia
b
et
es

tr
ea
tm

en
t
m
o
d
al
it
y

A
n
y
o
ra
l(
n
=
75

7)
1.
0
(r
ef
er
en

ce
)

1.
6
(1
.0
,2

.8
)

1.
2
(0
.8
,1

.7
)

1.
4
(0
.7
,2

.8
)

1.
5
(0
.9
,2

.5
)

A
n
y
in
su
lin

(n
=
37

3)
1.
0
(r
ef
er
en

ce
)

0.
9
(0
.4
,2

.0
)

0.
6
(0
.3
,1

.1
)

1.
5
(0
.6
,3

.7
)

1.
0
(0
.5
,1

.9
)

D
at
a
ar
e
w
ei
gh
te
d
es
ti
m
at
es
.
M
o
d
el
s
ar
e
ad
ju
st
ed

fo
r
ag
e,

se
x,
ed

u
ca
ti
o
n
,
ra
ce
,c
u
rr
en

t
sm

o
ki
n
g
st
at
u
s,
B
M
I,
H
D
L
ch
o
le
st
er
o
l,
an
d
h
yp
er
te
n
si
o
n
.
*P

,
0.
0
5.

**
P
fo
r
in
te
ra
ct
io
n
fo
r
H
b
A
1
c
ca
te
go
ry

an
d
ri
sk

fa
ct
o
r
,
0.
0
5.

458 HbA1c and Mortality in Older Adults Diabetes Care Volume 40, April 2017



AACE, and EASD: that glycemic goals be
individualized depending on the patient
goals, life expectancy, and overall health
status. In particular, a highlight from the
ADA position statement on intensive glu-
cose treatment asserted that “potential
risks of intensive glycemic control may
outweigh its benefits in other patients,
such as those with a very long duration
of diabetes, known history of severe hy-
poglycemia, advanced atherosclerosis,
and advanced age/frailty” (27).
Our study is not without some limita-

tions. Considering the cross-sectional na-
ture of the NHANES data, we were not
able to investigate the time-varying
changes in HbA1c across the median fol-
low-up of 8.9 years. Second, the smaller
sample size of older adults in NHANES re-
sulted in reduced numbers in the highest
categories of HbA1c and may introduce a
bias into our associations. However, this
bias is expected to act on the results con-
servatively, therefore biasing our results
toward the null. Furthermore, diabetes
type is not available within the NHANES
data. To address this limitation, we
performed a sensitivity analysis excluding
thoseparticipantswithin our analytic sam-
ple to those diagnosed with diabetes be-
fore the age of 30 years, and the majority
of our findings were robust, with the ex-
ception of the association of HbA1c with
CVDmortality. For those participants with
an HbA1c ,5.0%, we are unable to deter-
mine whether they truly had normal

glycemic control or if they had a preexist-
ing disease (i.e., sickle cell disease) at the
time of blood draw, which may alter the
red blood cell turnover and therefore
the HbA1c–glucose associations due to
that particular underlying disease process.
Therefore, there is a possibility that inclu-
sion of such participants may bias the re-
sults away from the null in thosewith very
low HbA1c. Last, data are not available
in NHANES to examine the prospective
associations between HbA1c levels and
diabetes-related complications such as
nephropathy and neuropathy. Despite
these limitations, there are several
strengths to this study that should be
noted. This study utilizes data from a na-
tionally representative sample and, to the
best of our knowledge, is the largest
nationally representative study of older
adults that has examined the association
between HbA1c and mortality. For these
analyses, we made comparisons across
categories of individuals without diabetes
and individuals with diabetes (both undi-
agnosed and diagnosed) among older
adults to examine a spectrum of glucose
states. Utilizing the large sample size, data
were available to examine the relativeHRs
across important subgroups where mor-
tality risk is expected to be differential,
including, age, race, presence of CVD, du-
rationofdiabetes, anddiabetes treatment
modality. Similar to an analysis of adults
aged 20 years and older from NHANES III,
we observed a greater risk of mortality

with increasing HbA1c levels among non-
Hispanic white older adults compared
with non-Hispanic black older adults (28).

Updated consensus statements have
been put forth by both the ADA and
AGS based on new evidence between
2002 and 2012 (13,14). The consensus
statements make recommendations re-
garding potentially less aggressive glyce-
mic goals for older adults, but these were
largely based on expert opinion given the
paucity of existing studies at the time.Our
results show that for the general popula-
tion of U.S. older adults with diabetes, an
HbA1c ,8.0% is associated with reduced
risk of mortality, which is consistent with
ADA-recommended goal for healthier
older adults. The ADA and AGS both pro-
pose that glycemic goals should be indi-
vidualized and depend on the patient’s
health status, life expectancy, and per-
sonal goals. This recommendation is sup-
ported by our results, which showed
differences in the risk of mortality across
demographics, history of CVD, durationof
diabetes, and type of antidiabetic medi-
cation use. Expanding on this current
work, future studies should examine
prospective associations between HbA1c
control and diabetes-related health care
utilizations and quality of life.

Funding. This analysis was supported by a Na-
tional Institute of Diabetes and Digestive and
Kidney Diseases Training Grant in Clinical
Research and Epidemiology in Diabetes and
Endocrinology (pre-doctoral training grant
T32-DK-062707 to P.P.) and a National Heart,
Lung, and Blood Institute Training Grant in
Cardiovascular Epidemiology, Biostatistics,
and Preventive Medicine (post-doctoral
training grant T32-HL-007055 to P.P.). E.S.H.
received grants from the National Institute of
Diabetes and Digestive and Kidney Diseases
(K24DK105340 and P30DK092949) and the
Agency for Healthcare Research and Quality
(RO1HS018542). H.-C.Y. received grants from
the National Institute of Diabetes and Diges-
tive and Kidney Diseases (P30DK07963). R.R.K.
is supported by a National Institutes of
Health Career Development Award (K23-DK-
093583).
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. P.P. assisted in the
study design, performed the analyses, and
drafted the manuscript. E.S.H., R.R.K., and S.H.G.
assisted in the study design and critically re-
viewed the manuscript. H.-C.Y. conceptualized
the study; assisted in the study design, data
analysis, anddrafting of themanuscript; critically
reviewed the manuscript; and had final respon-
sibility for the decision to submit for publica-
tion. All authors approved the final manuscript

Figure 1—Adjusted HRs of all-cause mortality compared with the reference of 5.0% among
persons with and without diabetes, by HbA1c level.
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