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A U-Shape Relationship between HbAlc and All-Cause Mortality
Rate in Diabetic Patients Admitted for Severe Hypoglycemia: A 15-
Year, Multicenter, Retrospective Survey
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Abstract: Aims: To evaluate the association between HbAlc and mortality rate, and the cause of death during
admission in diabetic patients admitted for severe hypoglycemia.

Materials and Methods: From August 1998 to July 2013, we collected data from diabetic patients admitted with severe
hypoglycemia at 12 middle and south China Medical Centers. The data collected includes demographic information and
biochemical variables. Patients were divided into four groups according to HbAlc level: <6.0%, 6.0-6.9%, 7.0-7.9% and
>8.0%.

Results: A total of 1522 diabetic patients were admitted for severe hypoglycemia during the study period, and 1117
underwent HbA1lc testing. When HbAlc was<6.0%, 6.0-6.9%, 7.0-7.9% and >8.0%, the mortality rate was 7.1%, 2.8%,
3.7% and 6.8%, respectively. A significant difference was found between HbA1c<6.0% compared with HbAlc 6.0-6.9%
(x* =7.319, P=0.007), and between HbAlc 6.0-6.9% and HbA1c>8.0% (x*=4.805, P=0.028). In total, 57 patients died.
The causes of death included infection (n=33), stroke (n=7), cardiovascular disease complicated by heart failure (n=7),
diabetic nephropathy complicated by renal failure (n=6), lung cancer (n=2), a stress ulcer complicated by hemorrhage
(n=1) and cirrhosis complicated by hemorrhage (n=1).

Conclusions: There is a U-shape relationship between HbAlc and mortality rate during admission in diabetic patients
admitted for severe hypoglycemia. Severe hypoglycemia may predict an increased risk of death in patients with lower
and higher HbAlc.
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INTRODUCTION indicate that intensive glucose control therapy should

be aimed at decreasing HbAlc below 7.0% to reduce
microvascular complications [1, 2]. However,
hypoglycemia has been identified as the limiting factor

Both Diabetes Control and Complications Trial
(DCCT) and UK Prospective Diabetes Study (UKPDS)

that prevents diabetic patients from achieving good
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glycemic control [3]. Hypoglycemia can cause death in
type 1 diabetes [4]. Recently, the ACCORD study was
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conducted in patients with type 2 diabetes, and this
study found that severe hypoglycemia was a significant
risk factor for death [5]. The mortality rates in
participants who experienced at least one severe
hypoglycemic event requiring any assistance (HA)
were higher than in participants with no history of HA
(6.9% vs. 4.1%) [6]. The NICE-SUGAR study that
enrolled critically ill patients also showed that intensive
glucose control leads to moderate and severe
hypoglycemia, both of which are associated with an
increased risk of death [7].

Our previous survey showed that diabetic patients
with severe hypoglycemia had an all-cause mortality
rate of 5%. We also found that the patients who died
showed a trend toward a lower or higher HbAlc level
[8]. Thus, we speculated that there is a U shape
relationship between HbAlc and death in these
patients. The previous survey had a limited sample size
that was not sufficiently powered to draw a statistical
conclusion. In this study, we enrolled more patients and
tested our hypothesis of a U shape relationship
between HbAlc and death in diabetic patients with
severe hypoglycemia.

MATERIALS AND METHODS

Data Collection

From August 1998 to July 2013, we collected data
from diabetic patients with severe hypoglycemia at 12
middle and south China Medical Centers. Each of the
centers has more than 1 000 beds and serves 100-150
thousand people over the study period. Samples from
patients with hypoglycemia over this 15-year period
were identified using the ICD-9-CM coding system
(250.8, 251.0, 251.1, and 251.2). The diagnosis of

Table 1: General Patient Characteristics

diabetes confirmed by both diabetes history and
prescription claims for diabetes medications. Severe
hypoglycemia was defined as a blood glucose level of
<2.8 mmol/L and the requirement for the patient to be
admitted to hospital or taken to the emergency
department. If a patient had several episodes of severe
hypoglycemia we analyzed him (her) as several
patients. All patients were taking oral hypoglycemic
agents, so the hypoglycemic episodes probably related
to the treatment. In this analysis, all deaths were
defined as death during admission. The data collected
included demographic information and biochemical
variables. The HbAlc level was assessed using high-
pressure liquid chromatography (nine medical centers),
affinity chromatography (two medical centers), or
turbidimetric immunoinhibition assay (one medical
center). Reference HbAlc values ranged from 4.5% to
6.5% at every center. The Chinese Ministry of Health
provided the same quality control material during the
same period to all medical centers. We divided all the
patients into four groups according to HbAlc level:
<6.0%, 6.0-6.9%, 7.0-7.9% and >8.0%.

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethical
board of each participating hospital. All patients had
provided written informed consent upon admission.

Statistical Methods

All statistical analyses were conducted using SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA). Statistical
significance was defined as P<0.05. The difference in
the mortality rate between the four groups was
compared using the Pearson Chi-square test.

<6.0% 6.0-6.9% 7.0-7.9% >8.0%
n 394 359 187 177
DM (typel/2) 13/381 11/348 9/178 7/170
Sex (M/F) 190/204 174/185 91/96 82/95
Age" (yr) 72.4+10.9 72.7+10.0 74.849.5 70.0+12.5
AST* (mmol/L) 23 (9-852) 23 (10-695) 23 (9-108) 22 (8-177)
ALT*(mmoliL) 16 (58-1272) 16 (2-559) 17 (3-93) 22 (5-323)
Creatine*(mmol/L) 92 (9-1517) 95 (24-974) 108 (43-543) 94(43-1317)
UA* (umol/L) 290(115-947) 311(137-1078) 306(79-640) 276(18-653)
TC" (mmoliL) 4.2+1.2 4.2+1.1 4.2+1.2 4.1+1.1
TG* (mmol/L) 1.0 (0.2-18) 1.0 (0.3-4.7) 0.8 (0.2-5.9) 0.9 (0.2-4.7)

“mean = standard deviation (SD); *median (range); DM: Diabetes mellitus; AST: Aspartate aminotransferase; ALT: Alanine transaminase; UA: Uric acid; TC: Total

cholesterol; TG: Triglyceride.
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RESULTS

General Characteristics

A total of 1522 diabetic patients were admitted for
severe hypoglycemia during the study period. Of the
1522 patients, 1117 received the HbAlc test. The
general characteristics and related biochemical
variables of the patients are shown in Table 1.

Comparison of Mortality Rate between Different
HbAlc Level Groups

In HbA1c<6.0%, 6.0-6.9%, 7.0-7.9% and >8.0%
groups, mortality rate was 7.1% (28/394), 2.8%
(10/359), 3.7% (7/187) and 6.8% (12/177),
respectively. A statistically significant difference was
found between HbA1c<6.0% compared with HbAlc
6.0-6.9% (x* =7.319, P=0.007). A statistically significant
difference was also found between HbAlc 6.0-6.9%
and HbA1c>8.0% (x*>=4.805, P=0.028; Figure 1).
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Figure 1: The association between HbAlc and mortality rate
in diabetic patients admitted for severe hypoglycemia. In
HbA1c<6.0%, 6.0-6.9%, 7.0-7.9% and =>8.0% groups,
mortality rate was 7.1% (28/394), 2.8% (10/359), 3.7%
(7/187) and 6.8% (12/177), respectively. vs. 6.0-6.9%,
P=0.007; vs. 6.0-6.9%, P=0.028. There were no differences
between the other groups.

Causes of Death

In total, 57 patients died. The causes of death were
infection, stroke, cardiovascular disease complicated
by heart failure, diabetic nephropathy complicated by
renal failure, lung cancer, a stress ulcer complicated by
hemorrhage and cirrhosis complicated by hemorrhage.
The proportion of each cause of death is shown in
Figure 2.
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Figure 2: Proportion of all-cause death in diabetic patients
admitted for severe hypoglycemia.

The causes of death included infection (n=33), stroke (n=7),
cardiovascular disease complicated by heart failure (n=7),
diabetic nephropathy complicated by renal failure (n=6), lung
cancer (n=2), a stress ulcer complicated by hemorrhage
(n=1) and cirrhosis complicated by hemorrhage (n=1).

DISCUSSION

Our study showed that the mortality rate of diabetic
patients with severe hypoglycemia was different for
patients with different HbAlc levels. The mortality rates
for patients with HbA1c<6.0% and HbA1c>8.0% were
approximately 2-2.5 times that of patients with an
HbA1c level of 6.0-6.9% and 7.0-7.9%. Generally, a U-
shaped association was observed between the
mortality rates and HbAlc levels. This U-shape
relationship was also observed in other diabetes trials.
A recent retrospective cohort study found a U-shaped
association between survival and HbAlc [9]. In this
study, patients with the lowest HbAlc levels (median
6.4%) were at a 52% increased risk of all-cause
mortality relative to patients with a median HbAlc of
7.5%. In addition, patients in the highest HbAlc group
(median HbAlc 10.5%) were at a 79% increased
relative risk of mortality, with the lowest hazard ratio at
an HbA1c level of 7.5% [9]. Another population study of
patients admitted to hospital for acute myocardial
infarction indicated that individuals with glucose levels
at the extreme ends of the spectrum (high and low) had
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higher mortality rates at hospital admission and at both
30 days and one year after the event compared with
those who had normal blood glucose levels [10]. This
U-shaped curve was present for individuals with and
without clinically recognized diabetes [10]. In Colayco’s
study, patients with type 2 diabetes who achieved
mean HbAlc levels of <6% or who failed to reduce
their HbAlc to <8.0% over a 3-year period were at
increased risk for cardiovascular events compared with
patients who had mean HbAlc levels 6.0-8.0% [11]. In
a retrospective cohort study in patients aged 260 years
with type 2 diabetes, the risk of any end point
(complication or death) also had a U-shaped
relationship with HbAlc [12].

Why did severe hypoglycemia patients with lower
and higher HbAlc have a higher mortality rate?
Patients with HbAlc levels >8.0% were associated with
a higher average glucose level, and severe
hypoglycemia is an “unexpected” result. This
“unexpected” result was associated with multiple
metabolic disorders, such as long-term hyperglycemia,
glucose excursion, severe hypoglycemia and infection
in this survey. This was consistent with results of the
ACCORD trial, which showed that rapid reduction of
HbA1c by approximately 2% in participants entering the
trial was a risk factor for death in the intensive
treatment arm [13]. In contrast, in the ADVANCE trial,
HbA1c was reduced to the target more gradually, which
is thought to play a role in achieving a low death rate
[14]. In contrast to “unexpected” severe hypoglycemia
in patients with HbA1c>8.0%, severe hypoglycemia in
patients with HbA1c<6% was “expected”. HbA1c<6.0%
was also associated with multiple metabolic disorders
such as frequent hypoglycemia, severe hypoglycemia
[3], and this level may increase mortality by impairing
autonomic function, the adrenocorticotropin response
and corticosteroid system [15, 16]. The risk of death is
higher in patients with these two conditions
(HbA1c>8.0% and <6.0%) compared with patients who
had an HbA1c level of 6.0%-8.0%.

In our study, most of the patients died of co-
morbidity; only four (18.5%) patients died of
cardiovascular disease and heart failure. Hypoglycemia
can cause death in type 1 diabetes [4]. However,
associations between hypoglycemia and mortality do
not establish a causal connection [4]. In the ACCORD
trial, 74 of the patients who died had experienced at
least one hypoglycemic episode requiring assistance,
and only 1 patient died of severe hypoglycemia [6].
More recently, the co-morbidity of hypoglycemia has

been increasingly emphasized. In the recent
ADVANCE trial of patients with diabetes, Zoungas et
al. noted that hypoglycemia was associated with an
increased risk of death, and also with an increased risk
of non-cardiac adverse events, including disorders of
the digestive system, respiratory system, and the skin
[17]. Severe hypoglycemia was associated with all-
cause and cardiovascular mortality and also with non-
cardiovascular mortality in type 2 diabetes. Thus,
severe hypoglycemia might be a direct cause of death
or it might be a marker of vulnerability to another cause
of death [17]. Based on available evidence, severe
hypoglycemia does not appear to directly lead to death
or cardiovascular events and it is likely a marker for
more severe illness and co-morbidity burden [18].
Although a discrete hypoglycemic episode may not be
an immediate contributor to death in the clinical
practice setting, susceptibility to hypoglycemia may
predict an increased risk of death [6].

A limitation of our study is that 25% of the patients
were not tested for HbAlc. Another limitation is that we
did not correct the confounding factors (age, gender,
comorbidities) for limited sample size. These may
affect the mortality rate estimation.

In summary, our results indicate that there is a U-
shape relationship between HbAlc and all-cause
mortality rate in diabetic patients admitted for severe
hypoglycemia. Severe hypoglycemia may predict an
increased risk of death in patients with lower and
higher HbAlc.
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