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OBJECTIVEdWe examined the association between HbA1c level and self-reported severe
hypoglycemia in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODSdType 2 diabetic patients in a large, integrated
healthcare system, who were 30–77 years of age and treated with glucose-lowering therapy, were
asked about severe hypoglycemia requiring assistance in the year prior to the Diabetes Study of
Northern California survey conducted in 2005–2006 (62% response rate). The main exposure of
interest was the last HbA1c level collected in the year preceding the observation period. Poisson
regression models adjusted for selected demographic and clinical variables were specified to
evaluate the relative risk (RR) of severe hypoglycemia across HbA1c levels.We also tested whether
the HbA1c-hypoglycemia association differed across potential effect modifiers (age, diabetes
duration, and category of diabetes medication).

RESULTSdAmong 9,094 eligible survey respondents (mean age 59.5 6 9.8 years, mean
HbA1c 7.5 6 1.5%), 985 (10.8%) reported experiencing severe hypoglycemia. Across HbA1c

levels, rates of hypoglycemia were 9.3–13.8%. Compared with those with HbA1c of 7–7.9%, the
RR of hypoglycemia was 1.25 (95%CI 0.99–1.57), 1.01 (0.87–1.18), 0.99 (0.82–1.20), and 1.16
(0.97–1.38) among those with HbA1c ,6, 6–6.9, 8–8.9, and $9%, respectively, in a fully
adjustedmodel. Age, diabetes duration, and category of diabetes medication did not significantly
modify the HbA1c-hypoglycemia relationship.

CONCLUSIONSdSevere hypoglycemia was common among patients with type 2 diabetes
across all levels of glycemic control. Risk tended to be higher in patients with either near-normal
glycemia or very poor glycemic control.
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The goals of glucose-lowering therapy
in type 2 diabetes are to reduce the
risk of diabetes complications while

minimizing harms associated with ther-
apy, and thus increase both longevity and
health-related quality of life. Intensive
glucose-lowering strategies modestly re-
duce the risk of surrogates for microvas-
cular complications, but the benefits
for macrovascular outcomes are less clear
(1–5). A recent position statement from

the American Diabetes Association (ADA)
has called for individualized decision
making in diabetes that integrates patient
goals and preferences and takes into ac-
count the benefits and risks associated
with therapy to set glycemic targets for
care (6). The ADA and American Geriatrics
Society have made similar recommen-
dations for older patients with diabe-
tes (7). However, data are lacking on
how to individualize glycemic targets.

Several analyses of observational data
have focused on determining what lev-
els of glycemic control maximize bene-
fits (8,9), but less is known about the
risks associated with various levels of
glucose control. Hypoglycemia is the
most common adverse effect of diabetes
therapy and is associated with unfavor-
able health outcomes (higher risk of
dementia [10], falls [11], fall-related
fractures [12], cardiovascular events
[13,14], poor health-related quality of life
[15,16], and increased mortality [17]).
Therefore, data on the relationship be-
tween glucose control and risk of severe
hypoglycemia are critical for making in-
formed decisions about type and intensity
of therapy.

Clinicians may assume that the risk of
hypoglycemia is highest among patients
with the lowest HbA1c levels. Compell-
ing evidence for this comes from the Di-
abetes Control and Complications Trial
(DCCT), which reported an inverse rela-
tionship between HbA1c levels and the
occurrence of severe hypoglycemia in
participants with type 1 diabetes (4). Ad-
ditionally, intensive glucose control strat-
egies implemented in randomized control
trial settings in patients with both type 1
and type 2 diabetes resulted in lower
HbA1c and were associated with an in-
creased risk of hypoglycemia (1–5). How-
ever, recent post hoc analyses of the
Action to Control Cardiovascular Risk
in Diabetes (ACCORD) trial indicated
an increased hypoglycemia risk in type
2 diabetic participants with poorer gly-
cemic control compared with subjects
with more desirable HbA1c levels, irrespec-
tive of assigned treatment group (18). In
ACCORD, the intensive treatment arm
and poorer achieved glycemic control in
both the treatment and control arms in-
creased hypoglycemia risk. Less is known
about the relationship between glycemic
control and hypoglycemia in usual care
settings, where clinical decision making
about treatment intensity occurs and is
modified over the patient’s life course.
Prior observational studies have yielded
conflicting results; some have indicated
increased risk of hypoglycemia at lower
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HbA1c levels (19), whereas others have
shown increased risk of hypoglycemia at
higher HbA1c levels (16,17), but none of
these prior analyses were specifically de-
signed to test the association between
HbA1c and hypoglycemia. Moreover,
most studies were based on hypoglycemic
events that came to clinical attention (as
ascertained from emergency department
or hospital records) and thus may miss
the majority of events that are treated out-
side of the medical system.

To investigate the relationship be-
tween HbA1c level and hypoglycemia
among patients with type 2 diabetes
treated with glucose-lowering medica-
tions in a usual care setting, we analyzed
data from the Diabetes Study of North-
ern California (DISTANCE) survey. We
hypothesized that the risk of severe
hypoglycemia may be higher in type 2 di-
abetic patients with either very low or
high HbA1c levels compared with those
with glycemic control similar to the stan-
dard arm in clinical trials (mean HbA1c

;7.5%). The current standards of care
recommend less intensive glucose control
strategies in older patients with limited
life expectancy, advanced diabetes, cogni-
tive impairment, or very poor health
given the limited potential for future ben-
efits and the need to reduce the risk of
hypoglycemia in these high-risk patients
(7,20). Therefore, we further hypothe-
sized that lower HbA1c levels may be
more strongly associated with hypoglyce-
mia risk in older (vs. younger) patients
with longer (vs. shorter) diabetes dura-
tion. Since hypoglycemia occurs as a re-
sult of glucose-lowering therapy and is
not directly due to HbA1c level, we spec-
ulated that the relationship between
HbA1c and hypoglycemia may differ by
type of glucose-lowering regimen.

RESEARCH DESIGN AND
METHODS

Study population
Kaiser Permanente Northern California
(KPNC), a large, integrated healthcare
delivery system, provides care for ;30%
of the residents in its service area. KPNC
established the KPNC Diabetes Registry
in 1993. The registry now includes
.230,000 adults with diabetes and is up-
dated annually by identifying all health
plan members with diabetes. Diabetes
identification was based onmultiple sources
of data, including pharmacy utiliza-
tion, laboratory results, and outpatient,
emergency room, and hospitalization

diagnoses of diabetes according to a
published algorithm (21). Study meth-
ods and a validation study of the KPNC
Diabetes Registry (99% sensitivity for
diabetes based on chart review registra-
tion) have been published previously
(22). The institutional review boards of
the Kaiser Foundation Research Insti-
tute, the University of Chicago, and the
University of California, San Francisco
approved the study.

Subjects in the study responded to a
survey conducted in 2005–2006 among a
race/ethnicity-stratified random sample
of registry members 30–77 years of age.
The overall response rate for the survey
was 62% (n = 20,188). Individuals could
complete the survey in written, telephone
interview, or web-based formats in vari-
ous languages (23). The survey was con-
ducted to assess a wide range of factors
that may explain observed variations in

the incidence of diabetes complications
among patients receiving care at KPNC
and includes detailed information on
self-reported severe hypoglycemia and
sociodemographic factors. These data
were linked with clinical, pharmacy,
and laboratory data from electronic med-
ical records (EMRs). For this analysis, we
included 9,094 survey responders with
type 2 diabetes who had continuous
KPNC membership and pharmacy ben-
efits (no gap in membership or pharmacy
benefits .3 months) in the 24 months
before their survey date (which served
as the baseline for each individual),
were taking antihyperglycemic medica-
tions, and were not missing data on key
variables (Fig. 1). We excluded individ-
uals with type 1 diabetes or those in whom
type of diabetes could not be determined
(n = 990) according to a previously pub-
lished algorithm (24).

Figure 1dDISTANCE survey respondents selected for study analysis. DM, diabetes mellitus.
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Primary outcome
The primary outcome of the studywas the
occurrence of severe hypoglycemia based
on self-report of at least one episode in
response to the following question: “In
the past year, how many times have you
had a severe low blood sugar reaction
such as passing out or needing help to
treat the reaction?” Response options for
the number of hypoglycemic reactions
were 0, 1–3, 4–6, 7–11, or 12 or more
episodes. The 12 months preceding the
date of each individual’s baseline survey
was termed the observation period, as this
is the time period for which hypoglycemia
occurrence was self-reported. The period
of time 12–24months before baseline was
termed the preobservation period as var-
iables measured during this time could
conceivably contribute to hypoglycemia
during the observation period (Fig. 2).

Exposure of interest
The main exposure of interest was the last
HbA1c level collected during the preob-
servation period. In this way, we could
study the effect of HbA1c measured prior
to the occurrence of the outcome on the
subsequent risk of hypoglycemia occur-
ring during the observation period.
KPNC medical facilities send all their
HbA1c samples to be analyzed by a single
regional laboratory. This laboratory is li-
censed by the California Department of
Health Services, inspected and accredited
by the College of American Pathologists,
and uses the standardization of HbA1c im-
plemented by the National Glycohemo-
globin Standardization Group.

HbA1c was categorized into five
groups to facilitate detection of nonline-
arity in the relationship between HbA1c

and hypoglycemia. The categories con-
vey a practical understanding of the level

of achieved diabetes control and de-
note near-normal glycemia (,6%) and
very good (6–6.9%), good (7–7.9%), sub-
optimal (8–8.9%), or very poor ($9%)
glycemic control of diabetes in clinical
practice.

Other covariates
Data collected on other factors that may
contribute to hypoglycemia risk included
age (categorized as ,50, 50–59, 60–69,
and 70–79 years), sex, self-reported race,
and clinical factors. Duration of diabetes
was based upon self-report from the sur-
vey (categorized as#10 or.10 years). In
cases where self-report was missing from
the survey, disease duration was based on
first occurrence of diabetes in the medical
record unless the patient joined the health
plan with pre-existing diabetes, in which
case it was considered missing. Polyphar-
macy (25,26) was ascertained by identify-
ing subjects dispensed more than four
chronically used medications during the
period 12 months before the survey date.
The threshold of more than four medica-
tions has been previously shown to be as-
sociated with severe hypoglycemia (27)
and fall risk (26). When counting medi-
cations, we required that medications
have the potential for long-term use and
that they represent distinct pharmacolog-
ical agents; for combination medications,
we counted each distinct pharmacologi-
cal agent. Renal function was ascertained
using a combination of indicators. Esti-
mated glomerular filtration rate (eGFR)
was based on the last noninpatient labo-
ratory result during the preobservation
period and was calculated using the
Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula (28).
Evidence of end-stage renal disease
(ESRD) or dialysis was based on ICD-9

codes and the KPNC ESRD registry. Prev-
alent comorbidities, including myocar-
dial infarction, congestive heart failure,
cerebrovascular disease, and chronic
lung disease, were determined based on
ICD-9 codes from inpatient and outpa-
tient clinical encounters any time prior
to the end of the preobservation period.
Depression was based on ICD-9 codes or
the use of antidepressant medications
during the preobservation period. Prior
history of hypoglycemia was based upon
at least one emergency department or in-
patient visit for hypoglycemia during the
preobservation period identified using
previously validated ICD-9 codes (29).
Use of glucose-lowering therapies was
identified from KPNC pharmacy dispens-
ing records during the preobservation pe-
riod and was divided into three mutually
exclusive categories based on known ef-
fects on hypoglycemia risk: any use of in-
sulin (with or without oral medications),
use of insulin secretagogues but not insu-
lin (with or without other oral medica-
tions), or all other oral medications for
diabetes.

Statistical analysis
The primary outcome was severe hypo-
glycemia, coded as a binary variable (zero
vs. one or more events) based upon
survey responses. We calculated the prev-
alence of severe hypoglycemia across
HbA1c categories and further stratified
by the three potential effect modifiers:
age, duration of diabetes, and category
of diabetes medication (insulin, insulin
secretagogues, or other). Differences in
categorical and continuous variables
were tested with x2 and Student t tests,
respectively. We specified modified Pois-
son regression models (30) with robust
standard errors and a log-link function
to estimate the relative risk (RR) of hypo-
glycemia across HbA1c categories with
HbA1c 7–7.9% as the reference. The
base model (model 1) of severe hypogly-
cemia included only HbA1c category as
the independent variable. We further ad-
justed the base model by adding demo-
graphic variables (age, sex, and race)
(model 2) and clinical factors (diabetes
duration, comorbidities, polypharmacy,
prior history of hypoglycemia, and base-
line diabetes medications) (model 3).
We tested interactions by adding cross-
product terms between each category of
HbA1c and the potential effect modifiers
in unadjusted and fully adjusted models.
All analyses were performed using SAS
9.3 (SAS Institute, Cary, NC). P values

Figure 2dTiming of the DISTANCE survey, occurrence of hypoglycemia, and collection of key
variables for the study.
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of ,0.05 were considered statistically
significant.

RESULTSdAmong the 9,094 study
participants, 985 (10.8%) reported expe-
riencing severe hypoglycemia in the pre-
vious year (Table 1). Among those

reporting hypoglycemia, 752 (76.3%) re-
ported 1–3 events, 152 (15.4%) reported
4–6 events, 44 (4.5%) reported 7–11
events, and 37 (3.8%) reported 12 or
more events. Patients who reported hypo-
glycemia were more likely to be women;
to have a longer duration of diabetes,

a prior history of hypoglycemia, and mul-
tiple comorbidities; to use more than four
medications for chronic conditions (poly-
pharmacy); or to use either insulin or a
secretagogue in the preobservation pe-
riod.

HbA1c was measured in the preobser-
vation periodwith amean number of days
between the date HbA1c was obtained and
the start of the observation period of 116
days (SD 89). Nearly half (48.9%) of the
values were obtained within 3 months of
the observation period. Hypoglycemia
was reported by 11.5, 9.3, 10.6, 11.5,
and 13.8% of patients in HbA1c categories
,6, 6–6.9, 7–7.9, 8–8.9, and $9%, re-
spectively (P value,0.01), suggestive of a
U-shaped relationship. Moreover, the
mean HbA1c was higher among those who
reported hypoglycemia (7.76 1.6%) com-
pared with those who did not (7.5% 6
1.5%, P , 0.01).

The unadjusted Poisson regression
models indicated that patients with the
lowest (,6%) and highest ($9%) HbA1c

values tended to be at higher risk for
hypoglycemia compared with those
with HbA1c values in the 7–7.9% range
(Fig. 3). However, the elevated RR was
only statistically significant for those
with HbA1c $9%. Adjustment for demo-
graphic variables did not alter the shape of
this relationship. Although the point esti-
mates for hypoglycemia risk remained
higher at the two extremes of glycemic
control (HbA1c ,6 and $9%), the fully
adjusted model showed no statistically
significant differences in hypoglycemia
risk between each HbA1c category and
the reference group.

We then examined the prevalence of
hypoglycemia across categories of the
three potential effect modifiers. A similar
percentage of patients in each age-group
reported hypoglycemia (10.8% of ,50
years of age, 10.6% of 50–59 years of age,
11.3% of 60–69 years of age, and 10.4%
of 70–79 years of age; P = 0.78). Patients
with diabetes duration .10 years were
more likely to report hypoglycemia
(13.9%) compared with those with shorter
diabetes duration (8.3%, P, 0.01). Hypo-
glycemia was most common among pa-
tients using insulin therapy (19.0%), less
common in those using secretagogues
(9.6%), and least common in those using
other glucose-lowering medications
(5.8%) (P , 0.01). Despite these differen-
ces in prevalence of hypoglycemia across
these categories, we found no significant
differences in the relationship between
HbA1c and age, diabetes duration, or

Table 1dCharacteristics of type 2 diabetic participants by self-report of severe
hypoglycemia

All
participants
(n = 9,094)

Reported no
hypoglycemia
(n = 8,109)

Reported
hypoglycemia
(n = 985)

Age, mean (years) 59.5 (9.8) 59.5 (9.8) 59.6 (9.7)
Age category (years)
,50 1,465 (16.1) 1,307 (16.1) 158 (16.0)
50–59 2,926 (32.2) 2,616 (32.3) 310 (31.5)
60–69 3,065 (33.7) 2,719 (33.5) 346 (35.1)
70–77 1,638 (18.0) 1,467 (18.1) 171 (17.4)

Female 4,544 (50.0) 3,998 (49.3) 546 (55.4)
Race
Asian 1,118 (12.3) 1,036 (12.8) 82 (8.3)
Black 1,601 (17.6) 1,440 (17.8) 161 (16.4)
Filipino 1,022 (11.2) 899 (11.1) 123 (12.5)
Latino 1,607 (17.7) 1,381 (17.0) 226 (22.9)
White 2,334 (25.7) 2,114 (26.1) 220 (22.3)
Multiracial/other/missing 1,412 (15.5) 1,239 (15.3) 173 (17.6)

Last HbA1c, mean (%) 7.5 (1.5) 7.5 (1.5) 7.7 (1.6)
HbA1c category
,6% 747 (8.2) 661 (8.2) 86 (8.7)
6–6.9% 3,145 (34.6) 2,852 (35.2) 293 (29.8)
7–7.9% 2,612 (28.7) 2,335 (28.8) 277 (28.1)
8–8.9% 1,232 (13.6) 1,090 (13.4) 142 (14.4)
$9% 1,358 (14.9) 1,171 (14.4) 187 (19.0)

Diabetes duration .10 years 4,035 (44.6) 3,473 (43.0) 562 (57.4)
Diabetes duration, mean (years) 10.6 (8.4) 10.3 (8.3) 12.8 (9.2)
Polypharmacy (more than four
medications) 5,960 (65.5) 5,261 (64.9) 699 (71.0)

Prior hypoglycemia 76 (0.8) 42 (0.5) 34 (3.5)
Diabetes medications
Any insulin 2,041 (22.4) 1,653 (20.4) 388 (39.4)
Secretagogues 4,982 (54.8) 4,506 (55.6) 476 (48.3)
Other 2,071 (22.8) 1,950 (24.0) 121 (12.3)

Comorbidities
Chronic kidney disease 1,456 (16.0) 1,222 (15.1) 234 (23.8)
Myocardial infarction 539 (5.9) 447 (5.5) 92 (9.3)
Congestive heart failure 612 (6.7) 479 (5.9) 133 (13.5)
Cerebrovascular disease 445 (4.9) 361 (4.5) 84 (8.5)
Chronic lung disease 1,388 (15.3) 1,187 (14.6) 201 (20.4)
Depression 2,025 (22.3) 1,704 (21.0) 321 (32.6)

eGFR category* (mL/min/1.73 m2)
$90 3,025 (33.3) 2,728 (33.6) 297 (30.2)
60–89 3,585 (39.4) 3,227 (39.8) 358 (36.3)
30–59 1,245 (13.7) 1,064 (13.1) 181 (18.4)
15–29 129 (1.4) 97 (1.2) 32 (3.2)
,15 82 (0.9) 61 (0.8) 21 (2.1)

Data presented as number or mean (% or SD). P value ,0.01 comparing those who did and did not report
hypoglycemia for all categories, except formean age and age-groups. *eGFR category was calculated for 1,028
persons with nonmissing creatinine values and not on dialysis.
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category of diabetes medication (i.e., no
significant interactions).

CONCLUSIONSdSelf-reported se-
vere hypoglycemia was common
(10.8%) among type 2 diabetic patients
treated with glucose-lowering therapy
within a large, integrated healthcare sys-
tem. Among patients with severe hypo-
glycemia, nearly one in four people
reported frequent episodes (more than
three over the past year). Intensive glu-
cose control strategies have been pre-
viously shown to increase the risk of
hypoglycemia in clinical trials, but we
did not find an inverse relationship be-
tween HbA1c level and hypoglycemia. In-
stead, in our study, hypoglycemia was
common at all levels of glycemic control.
Patients achieving near-normal glyce-
mia (,6%) and those who were poorly
controlled ($9%) appeared to be at the
highest risk for severe hypoglycemia.
The conventional wisdom that patients
with lowest HbA1c levels are at highest
risk of hypoglycemia was not supported
by our findings.

Our study expands prior research by
examining the occurrence of hypoglyce-
mia across multiple HbA1c categories and
by using an outcome of self-reported se-
vere hypoglycemia. Previous observa-
tional studies have yielded inconsistent
findings with regard to the relationship
between glucose control and hypoglycemic
events. In the Fremantle longitudinal co-
hort study, HbA1c was dichotomized, and
the level of $7% was associated with an

increased crude hazard of hypoglyce-
mia requiring ambulance, emergency
department, or hospital visit among
community-dwelling type 2 diabetic pa-
tients (31). In adjusted analyses, HbA1c

$7% was no longer independently asso-
ciated with hypoglycemia; however, each
1% increase in HbA1c was significantly as-
sociated with a higher frequency of
hypoglycemic events. In the Tayside pop-
ulation study of type 1 and 2 diabetic pa-
tients, higher HbA1c level was similarly
associated with hypoglycemia requiring
emergency medical assistance (32). Fi-
nally, in a recent study that assessed the
association between self-reported severe
hypoglycemia and subsequent mortality,
mean HbA1c was higher among patients
who reported hypoglycemia compared
with those who did not (17). In contrast
to these findings, which suggest an asso-
ciation between hypoglycemia and higher
HbA1c, analysis of data from an under-
served population of a large community
hospital diabetes clinic showed that lower
HbA1c was associated with higher odds of
reported hypoglycemia, which was subse-
quently confirmed with a capillary blood
glucose (19).

Clinical trial data consistently show
that assignment to intensive glucose con-
trol strategy is associated with a higher
risk of hypoglycemia compared with
standard care (1–5). However, the rela-
tionship between hypoglycemia risk and
treatment intensity differs substantively
from the relationship between hypoglyce-
mia risk and achieved HbA1c level, the

latter being more complex. In the DCCT
of type 1 diabetic patients, an inverse re-
lationship between HbA1c level and seri-
ous hypoglycemia was noted, with the
number of events increasing with decreas-
ing HbA1c (4). In contrast, detailed post
hoc analyses of ACCORD participants
showed that type 2 diabetic patients
with poorer glycemic control had a higher
risk of hypoglycemia irrespective of treat-
ment assignment (18). In fact, a greater
drop in HbA1c level during the first 4
months of the trial was not associated
with increased hypoglycemia risk. Rather,
patients who started out with higher base-
line HbA1c levels and were unable to re-
duce their blood glucose levels appeared
to be at the highest risk of hypoglycemic
events. Moreover, participants with per-
sistently elevated HbA1c levels ($7%) af-
ter initiation of the intensive strategy
had a higher mortality risk than those
achieving lower glycemic levels (,7%)
(33). What is actually mediating the
higher risk of hypoglycemia andmortality
and how they may be linked is unclear,
but the findings suggest that intensive
glucose-lowering efforts in patients who
remain hyperglycemic may confer a
higher risk for subsequent hypoglycemia
and death.

The majority of the prior literature
was based on hypoglycemia identified via
emergency visits or hospitalizations and
thus may miss events that are handled
outside of the clinical setting (34). Given
the high out-of-pocket cost of an ambu-
lance response or emergency room visit,

Figure 3dRR of hypoglycemia in unadjusted, demographically adjusted, and fully adjusted modified Poisson models (reference: HbA1c 7–7.9%).
The fully adjusted model includes age, sex, race, diabetes duration, comorbidities (including renal function), polypharmacy, prior history of hy-
poglycemia, and category of diabetes medications. P values for RR of hypoglycemia in HbA1c categories,6, 6–6.9, 8–8.9, and$9%were 0.48, 0.10,
0.39, and 0.003 in the unadjusted model; 0.31, 0.16, 0.38, and 0.005 in the demographically adjusted model; and 0.06, 0.88, 0.94, and 0.10 in the
fully adjusted model, respectively.
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patients or family members who assist
may self-select whether to seek medical
assistance. Accordingly, research based
on self-reported hypoglycemia offers a
different and complementary under-
standing of this serious public health con-
cern comparedwith inquiries based solely
on administrative data sources.

Our study results demonstrate that
hypoglycemia occurs across all levels of
HbA1c, with higher risk associated with
near-normal or very poor glycemic con-
trol. Near-normal HbA1c levels (,6%)
may denote overly intensive glucose con-
trol efforts that raise the risk of hypogly-
cemia. Since all of the patients in our
study were receiving antihyperglycemic
agents, these levels of glycemic control
should not reflect mild, new-onset diabe-
tes. Moreover, the relationship between
HbA1c category and hypoglycemia did
not differ by category of diabetes medica-
tion. The finding that very poor glycemic
control (HbA1c $9%) was associated
with a higher risk of hypoglycemia seems
counterintuitive given the consistent as-
sociation between intensive glucose strat-
egies and hypoglycemia in clinical trials.
However, poor glucose control may occur
in patients who are “resistant” to glucose
lowering despite exposure to an intensive
antihyperglycemic effort. These findings
are consistent with those reported for
the ACCORD trial, in which participants
who failed to achieve a drop in their
HbA1c level (18) despite intensive or stan-
dard diabetes treatment experienced high
rates of severe hypoglycemia.

In our study, we specifically investi-
gated whether the relationship between
HbA1c and hypoglycemia differs by age,
duration of diabetes, or category of diabe-
tes medication. We hypothesized that in
older patients with longer duration of the
disease and with the use of insulin, the RR
of hypoglycemia may be much higher at
low HbA1c levels (,6%) compared with
reference (7–7.9%) than in younger pa-
tients with shorter diabetes duration or
with the use of noninsulin-based thera-
pies, in whom the RR of hypoglycemia
may vary less by HbA1c level. Indeed,
the current standards of diabetes care
specifically recommend less intensive gly-
cemic targets in older patients with long-
standing diabetes who may be at risk for
hypoglycemia (20). However, we found
that none of these factors significantly
modified the relationship between
HbA1c and hypoglycemia. Although the
absolute risk of hypoglycemia was higher
in patients with longer duration of

diabetes and in those who used insulin,
the RR of hypoglycemia at the extremes of
glycemic control (compared with the
HbA1c reference) was similar regardless
of age, diabetes duration, or category of
diabetes medication.

Current diabetes quality performance
measures are predominantly based on
meeting specific HbA1c target levels: the
National Committee for Quality Assur-
ance Healthcare Effectiveness Data and
Information Set (HEDIS) set a goal of
HbA1c ,7% for people ,65 years of age
without cardiovascular disease or end-
stage complications of diabetes, and
HbA1c ,8% for people 65–74 years of
age. These measures do not adequately
account for adverse effects associated
with treatment efforts, such as hypoglyce-
mia, and are not consistent with individ-
ualized approaches to glucose lowering.
As one solution, Pogach and Aron (35)
recently suggested a quality indicator for
overtreatment of diabetes, and proposed
to use an HbA1c of ,7% in older people
(.65 years of age) at high risk for hypo-
glycemia as a warning signal to physicians
to reevaluate the appropriateness of gly-
cemic treatment. Although such efforts
have the potential to limit adverse effects
of overtreatment and to improve patient
outcomes, our study results suggest that
future efforts should also consider the
safety of the various glucose-lowering
therapies in patients with higher HbA1c

levels. Poorly controlled diabetes appears
to be associated with both higher risk of
diabetes complications and higher risk of
treatment-related hypoglycemia. There-
fore, quality improvement efforts must
balance the need to improve glucose lev-
els with safety of antihyperglycemic ther-
apy in this group.

Our study does have several limita-
tions. Hypoglycemia was not confirmed
with laboratory values. It is possible that
patients, particularly those with uncon-
trolled diabetes, may experience hypogly-
cemic symptoms when blood glucose
values are actually normal. However,
these symptoms typically do not require
assistance from others nor do they result
in unconsciousness. Some patients may
have blunted hypoglycemic awareness
and may under-report the frequency of
events because they do not consistently
experience the symptoms typically asso-
ciated with hypoglycemia. Nonetheless,
self-reported severe hypoglycemia that
does not come to medical attention re-
mains associated with adverse outcomes
(17). Our hypoglycemia measure was

based upon a survey question regarding
events occurring within the past year, so
the exact timing of event(s) was not avail-
able. We used a retrospective cohort de-
sign where the timing of hypoglycemic
events lagged with respect to the occur-
rence of clinical and laboratory variables
to overcome this limitation. However,
changes in glucose-lowering therapies or
HbA1c values may have occurred between
the start of the observation period and the
occurrence of the event. The DISTANCE
survey was conducted among members
30–77 years of age, limiting our ability
to apply the findings to elderly patients
with diabetes. Although patterns of anti-
hyperglycemic use have changed since
the 2005–2006 survey (with substantial
decreases in sulfonylurea use) (36), we
did not find significant interactions be-
tween type of medication and the
HbA1c-hypoglycemia relationship. Fi-
nally, our analyses describe an association
between HbA1c and self-reported hypo-
glycemia, but they were not designed to
determine causal pathways between
HbA1c and hypoglycemia.

In conclusion, self-reported severe
hypoglycemia is common among patients
with type 2 diabetes. Contrary to con-
ventional wisdom, hypoglycemia occurs
just as frequently among those with
poor glycemic control as it does in those
achieving near-normal glycemia. The re-
lationship between HbA1c category and
hypoglycemia did not differ by age, dura-
tion of diabetes, or category of diabetes
medication. Recent clinical trials have
raised questions about the benefits of in-
tensive glucose lowering and the risks as-
sociated with tight control. Our results
from the community setting suggest that
efforts to improve the safety of glucose-
lowering therapies need to be directed not
only to patients achieving near-normal
glycemia but also to patients with poorly
controlled disease. Future analyses are
needed to identify management strategies
and treatment factors that may mitigate
hypoglycemia risk.
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