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Background: The present study was conducted to analyze possible risk factors in patients with type 2 diabetes who are in
hypoglycemic coma.

Material/Methods: A total of 194 patients with type 2 diabetic hypoglycemic coma who were admitted to our hospital between
January 2010 and January 2016 were included. The patients were all in coma on admission, and their blood
glucose levels were lower than 2.8 mmol/L. None of the patients had type | diabetes, specific types of diabe-
tes, or gestational diabetes. Multiple linear regression analysis was used to determine possible factors associ-
ated with hypoglycemic coma.

Results: Among the patients, 82 were male and 112 were female (mean age, 66.88+10.62 years). In addition, 72 pa-
tients lived in urban areas and 122 lived in rural areas. Occurrence of hypoglycemic coma was correlated with
difference between urban and rural residence, glycosylated hemoglobin (HbA1c) level, combined hypertension,
and combined neural complications. Self-purchased drugs resulted in significantly lower blood glucose level at
the onset of hypoglycemic coma than insulin, secretagogue, or non-secretagogue drugs. Blood glucose level at
onset was correlated with season. Patients living in rural areas or with combined macrovascular or microvas-
cular complications had prolonged hospital stay and poor prognosis.

Conclusions: Our results demonstrate that rural residence, higher HbA1c level, combined hypertension, and combined neu-
ral complications increase the incidence of hypoglycemic coma. Use of self-purchased drugs and colder sea-
sons may result in lower blood glucose levels in patients with hypoglycemic coma.
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Background

Hypoglycemic coma is an internal medicine emergency caused
by a serious reduction in blood glucose (<2.8 mmol/L) [1] and
resulting in compromised basic functions of the brain and loss
of consciousness, which can be life-threatening [2]. With the
increased prevalence of diabetes, the incidences of hypogly-
cemia and hypoglycemic coma are rising, and some of these
patients die due to serious illness. Analyzing and summariz-
ing the risk factors for hypoglycemia in patients with diabe-
tes, and intervening in hypoglycemia in the presence of vari-
ous risk factors are important to alleviate hypoglycemia and
hypoglycemic coma. However, many medical staff and patients
with diabetes still lack awareness of hypoglycemic coma and
understanding of its clinical features, risk factors, and assess-
ment, resulting in a high incidence of hypoglycemia, as well as
serious and unnecessary consequences. It is reported that the
incidence rate of hypoglycemia in diabetic patients using hy-
poglycemic agents is 14%, among which 3% have severe hy-
poglycemia [2]. In the present study, we analyzed the risk fac-
tors for hypoglycemic coma in patients with type 2 diabetes.

Material and Methods

Patients

A total of 194 patients with type 2 diabetic hypoglycemic coma
who were admitted to our hospital between January 2010 and
January 2016 were included in the present study. Their sex, age,
place of residence (urban or rural), marital status, course of
diabetes, use of hypoglycemic agents, glycosylated hemoglo-
bin (HbA1c) level, admission season, average number of hos-
pitalization days, and complications were recorded. Patients
who had taken aspirin, B-blocker, acipimox, or fibrate-type lip-
id-lowering drugs were excluded, because taking these drugs
together with hypoglycemic agents can cause hypoglycemia.
All procedures were approved by the Ethics Committee of
Tianjin Medical University. Written informed consent was ob-
tained from all patients or their families.

Inclusion and exclusion criteria

The included patients with type 2 diabetic hypoglycemic coma
were all in coma on admission, and their blood glucose lev-
els were all lower than 2.8 mmol/L. They met the diagnostic
criteria for diabetes mellitus published by the World Health
Organization in 1999. Any patients who had type | diabetes,
specific types of diabetes, or gestational diabetes and any
coma patients caused by non-hypoglycemia were excluded
from the study.
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Statistical analysis

Statistical analysis was performed using SPSS19.0 statistical
software (IBM, Armonk, NY, USA). Measurement data are ex-
pressed as means + standard deviations. For data with normal
or nearly normal distribution, differences between 2 groups of
data were compared by t test, and differences among multiple
groups were compared using analysis of variance. For data that
did not conform to normal distribution or nearly normal distri-
bution, differences among groups of data were compared by
rank-sum test and data are expressed as medians (minimum
and maximum). Correlations between 2 variables were evalu-
ated using Pearson’s test or Spearman’s test. Multivariate lin-
ear regression was used in multivariate analysis. Differences
with P<0.05 were considered statistically significant.

Results

Occurrence of hypoglycemic coma is correlated with
difference between urban and rural residence, HbAlc
level, combined hypertension, and combined neural
complications

The 194 patients were admitted to the hospital Emergency
Department, presenting symptoms such as unclear conscious-
ness, somnolence, or inability to wake up. The patients were
in coma for 1 hours to more than 20 hours before arriving
at the hospital. Some patients had symptoms such as panic,
convulsions, delirium, assaultive behavior, and mood changes
before unclear consciousness and somnolence, and some pa-
tients directly fell into coma. All patients received intravenous
injection of 50% glucose (doses were dependent on the con-
ditions of the patients) on admission, and then transferred to
the Department of Endocrinology, where they received rescue
therapy such as 50% glucose, glucocorticoid, and elevation of
blood glucose. Among all 194 patients, 191 returned to nor-
mal consciousness and 3 died due to failed rescue. Two out
of the 3 dead patients had combined malignant tumors and
1 had combined respiratory failure. Among the 194 patients,
possible factors associated with hypoglycemic coma included
sex, urban vs. rural residence, marital status, combined neu-
ral complications, combined hypertension, other complications
such as tumor and infection, age, average number of hospital-
ization days, course of disease, HbA1c level, use of hypoglyce-
mic agents, and season of admission (Table 1). Multi-factor re-
gression analysis showed that urban vs. rural residence, HbAlc
level, combined hypertension, and combined neural complica-
tions were correlated with hypoglycemic coma (Table 2). The
results suggest that the occurrence of hypoglycemic coma is
correlated with place of residence, HbA1c level, combined hy-
pertension, and combined neural complications.
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Table 1. Analysis of related factors for hypoglycemic coma.

Marital
Macrova- Macrova- Combi-
Place of status Neural Other Average :
N r . ;N ., scular scular ned ) Course of Hypogly- Admis-
Varia- residence (married/ compli- ) ) complica- Age length ) ! )
(male/ . ) compli- compli- hyperten- | disease  HbA c cemic sion
bles (town/ widowed cations . , h tions (year) of stay
female) cations cations sion (yes/ (year) agents  season
village) or (yes/no) (yes/no) (CEW)
. (yes/no) (yes/no) no)
divorced)
No. of
2ses 82/112 72/122 178/16 79/115 113/81 32/162 104/90 111/83
F/t/r -0.891 -2.176 1427 2416 -0.162 1.215 2.195 2.254 -0.080 -0.033 1.127 0.158 0.024 -0.058
P 0.374 0.031* 0.155 0.017¢ 0.872 0.226 0.029* 0.025* 0.270 0.643 0.345 0.028* 0.740 0.418
* P<0.05.
Table 2. Multiple factor analysis of hypoglycemic coma.
Variables B S.E. B (standardized) t P
Constants 1.042 0.225 = 4.637 <0.001
Complications (neural) 0.165 0.078 0.147 2.121 0.035*
Residence (town/village) 0.211 0.080 0.185 2.629 0.009*
Complications (hypertension) 0.200 0.078 0.181 2.566 0.011*
HbA1lc 0.052 0.026 0.138 1.999 0.047*
* P<0.05
Table 3. Composition of patients treated with different drugs.
Groups No. of cases Percentages (%)
Self-purchased drug group 35 18.04
Insulin group 63 32.47
Secretagogue group 93 47.94
Non-secretagogue group 3 1.55
Total 194 100.00

Administration of self-purchased drugs resulted in
significantly lower blood glucose level at the time of onset
of hypoglycemic coma compared to administration of
insulin, secretagogue, or non-secretagogue drugs

To test whether blood glucose level at the time of onset of hy-
poglycemic coma is correlated with hypoglycemic agents, we
recorded the number of patients who used different types of
drugs. The patients were divided into 4 groups according to
use of different hypoglycemic agents: a self-purchased drug
group (non-formal hypoglycemic drugs without drug batch
number), an insulin group (various forms and types), a secre-
tagogue group (sulfonylureas or novel non-sulfonylureas hypo-
glycemic agents), and a non-secretagogue group (metformin,
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acarbose, and voglibose) (Table 3). The blood glucose level at
the time of onset of hypoglycemic coma in the self-purchased
drug group was significantly lower than in the other 3 groups
(P<0.05). In addition, the blood glucose level at the time of on-
set of hypoglycemic coma was not significantly different among
the insulin group, secretagogue group, and non-secretagogue
group (P>0.05) (Table 4). The results indicate that use of self-
purchased drugs resulted in significantly lower blood glucose
level at the time of onset of hypoglycemic coma compared to
use of insulin, secretagogue drugs, or non-secretagogue drugs.
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Table 4. Blood glucose levels at the onset of hypoglycemic coma in patients treated with different drugs.

Groups No. of cases Blood glucose levels at onset (mmol/L)

Self-purchased drug group (A) 35 1.67+0.63
© nsulngowp® s 2055055
 Secretagoguegroup ) 3 1924049
"""""" Non-secretagoguegroup®) 3 240:044
~ overallcomparison:F(® - 47890003
""""""""""""""""""""""""""""""""""""""""""""""""" AvsB  ooo1*
"""""""""""""" AvsC o020
Multiple comparison: (p) s O 0 012* """"""""""""""

Bvs. C 0.122

"""""""""""""" BvsD ot
"""""""""""""" cwo o103

* P<0.05.

Table 5. Composition of patients admitted in different seasons.

Groups No. of cases Percentages (%)

Spring 43 22.16
"""""""""""""" Summer 49 5%
"""""""""""""" Autumn 3 agsy
"""""""""""""" wintr e 30
"""""""""""""" Totl 14 1000

Blood glucose level at the onset of hypoglycemic coma is
correlated with season

To examine whether blood glucose level at the onset of hypo-
glycemic coma was correlated with season, we recorded the
number of patients admitted in different seasons (Table 5). The
blood glucose level at the onset of hypoglycemic coma in pa-
tients admitted in winter or spring was significantly lower than
in summer or autumn (P<0.05). In addition, the blood glucose
level at the onset of hypoglycemic coma in patients admitted
in summer was significantly lower than in autumn (P<0.05)
(Table 6). The result suggests that blood glucose level at the
onset of hypoglycemic coma is correlated with season, and pa-
tients admitted in winter have the lowest blood glucose level.

Type 2 diabetic patients with hypoglycemic coma who
live in rural areas or have combined macrovascular and
microvascular complications have prolonged hospital stay
and poor prognosis

To study how different factors affect prognosis, we used hospi-
talization days to evaluate the prognosis. Single-factor regres-
sion analysis and multiple-factor stepwise regression analysis

showed that the duration of hospitalization of patients with
hypoglycemic coma is related to their place of residence, as
well as whether it is combined with macrovascular and micro-
vascular complications (Tables 7, 8). The results indicate that
type 2 diabetic patients with hypoglycemic coma who live in
rural areas or have combined macrovascular and microvascular
complications have longer hospital stay and worse prognosis.

Discussion

The prevalence of diabetes in China has increased dramatically
in recent years. The prevalence of diabetes in people over the
age of 18 has reached 11.6%, with a corresponding increase
in the incidence of diabetes complications. Hypoglycemia is
most commonest in patients with type 1 diabetes [3], and its
incidence in patients with type 2 diabetes is also high [4,5].
Hypoglycemic coma may also cause serious damage to the
body, or even death [6]. In the present study, the occurrence
of hypoglycemic coma in patients with type 2 diabetes was
shown to be related to low HbA1lc. The average age of the 194
patients was 6.88+10.62 years and the average HbAlc level
was (6.68+1.47)%. For patients 75-92 years old, the of HbAlc
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Table 6. Blood glucose levels at the onset of hypoglycemic coma in patients admitted in different seasons.

Groups No. of cases Blood glucose levels at onset (mmol/L)

Spring (A) 43 1.7140.11
- summer® o 206013
C Aamemn©@ @ 2445011
O Wine® & 166:078
~ overallcomparison:F(p) - 25528 (0000)
""""""""""""""""""""""""""""""""""""""""""""""""" AvB o000
"""""""""""""" AvsC 000"
Multiple comparison: (p) s O 0%

Buvs. C 0.000*
"""""""""""""" BwOD o000
"""""""""""""" cwd 000"

* P<0.05.

Table 7. Single factor regression analysis of hospitalization days.

Marital
Macrova- Macrova- Combi-
Place of status Neural Other Average )
. A ) scular scular ned ) Course of Hypogly- Admis-
residence (married/ compli- ) . complica- Age length ) > )
) ) compli- compli- hyperten- | disease  HbA c cemic sion
(town/ widowed cations ) ) . tions (year) of stay
) cations cations sion (year) agents season
village) or (yes/no) (ves/no) (yes/no) (yes/no) (yes/no) (day)
divorced) Y Y y
F 0.721 28.100 0.20 4227 11.188 11.428 0.343 4853 1871 3924 1391 0.079 0.191 1.202
P 0.391 0.000* 0.888 0.041* 0.001 0.001 0.559 0.029* 0.157 0.021* 0.239 0.971 0.826 0.310
* P<0.05.

Table 8. Multiple factor stepwise regression analysis of hospitalization days.

Variables B (standardized)
Constants 11.147 1.331 = 8.372 0.000
* Complications (macrovascular) 1364 0686 0315 1990 o 0048
Townvillbge 321 0694 0312 4639 0000*
 Complications (microvascular) 2718 o 0884 0203 3075 0002*
CHbAe 0052 0026 0138 1999 o 0047+
* P<0.05.

such as those with different ages, different degrees of com-
plication severity, and different education levels. In addition,

was only 6.63% and their mean course of disease was 8.65
years. In addition, all patients 75-92 years old had 1 or more

types of combined complications, and had little awareness of
hypoglycemia. Therefore, these patients are at increased risk
of coma and more severe symptoms compared with younger
patients and those with no complications.

Controlling HbA1c level below standard values is the com-
mon goal of patients and doctors. However, different HbAlc
standard values are required for different groups of patients,

HbA1lc standard values need to be explained to patients.
Some patients with diabetes try to control blood glucose lev-
el to even lower values, eventually leading to hypoglycemic
coma [1]. Older age [7] and complications [8] increase the in-
cidence of hypoglycemic coma. Hypoglycemic coma can cause
permanent injury of brain tissue in patients with diabetes [9].
The ACCORD study showed that excessively low blood glucose
level increases the risk of death in patients with diabetes [6].
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Therefore, it is necessary to make the patients aware of the
hazards of high blood glucose, as well as the danger of hypo-
glycemia. Individualized blood glucose control objectives should
be made according to the specific circumstances of each pa-
tient, and the occurrence of hypoglycemia and hypoglycemic
coma should be avoided.

In treating diabetes, continuous monitoring of blood sugar, ad-
ministration of drugs, and monitoring complications are need-
ed. The present study shows that the incidence of hypoglyce-
mic coma in rural patients is significantly higher than that in
urban patients, the blood glucose level at the onset of hypo-
glycemic coma in rural patients is significantly lower than in
urban patients, and rural patients have longer hospital stays
than rural patients. The prevalence rate of diabetes in rural
areas of China is increasing, but there has not been adequate
investigation of hypoglycemia in rural. Therefore, more eco-
nomic and educational support should be given to rural dia-
betic patients.

All 194 patients in the present study had used hypoglycemic
agents. Studies show that use of hypoglycemic agents increas-
es the incidence of hypoglycemic coma in comparison to con-
trolling of blood glucose by lifestyle modification [10,11]. All
cases in the present study were hypoglycemic coma patients
with high levels of hypoglycemia. Therefore, we did not include
cases in which blood sugar was controlled by lifestyle modifi-
cation. Of note, the percentage of diabetic patients who had
used self-purchased drugs was 22.16%, and these patients had
lower blood glucose levels at the onset of hypoglycemic coma
compared with patients who used regular commercial hypogly-
cemic agents. Self-purchased drugs have unknown composi-
tions and non-standardized dosages, leading to increased risks
for hypoglycemia. However, these self-purchased drugs are still
a hypoglycemic treatment widely used by many diabetes pa-
tients. In addition, the incidence of hypoglycemia for patients
who use self-purchased drugs is higher and more difficult to
control. Therefore, we included this type of treatment to re-
mind clinicians to pay attention to this means of hypoglycemic
control. Strengthening standardized management of diabetic
patients and making the patients aware of the adverse effects
of hypoglycemic agents are difficult for clinicians. The present
study also shows that the blood glucose levels of patients with
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hypoglycemic coma are affected by admission season. Blood
glucose levels of patients with hypoglycemic coma who are
admitted in colder seasons (winter and spring) were signifi-
cantly lower. Some hypoglycemic episodes in winter are more
severe compared to other seasons because it is harder to get
to the hospital in winter. However, some patients with adre-
nocortical insufficiency may have more deficient secretion of
hyperglycemic hormone at low temperatures, leading to se-
vere hypoglycemia events. This suggests that patients with di-
abetes need to pay more attention to the occurrence of hypo-
glycemic coma in the colder seasons.

Conclusions

Our study also shows that type 2 diabetes combined with
macrovascular and microvascular complications leads to pro-
longed hospital stay. Macrovascular lesions lead to low blood
glucose levels, which are likely to induce coma and other ner-
vous system symptoms. In addition, microvascular lesions, es-
pecially renal lesions, reduce the metabolism of hypoglycemic
agents and prolong the hypoglycemic effects. Therefore, pa-
tients with type 2 diabetes should be more alert to the risk of
hypoglycemic coma if they are combined with macrovascular
and microvascular complications. Moreover, diabetic patients
with neuropathy often have less response to hypoglycemia.
Subtle symptoms of hypoglycemia can result in increased in-
cidence of severe hypoglycemia and hypoglycemic coma. In
conclusion, hypoglycemic coma, as a serious complication of
diabetes, needs to receive more attention. Patients with dia-
betes should be correctly educated not to blindly pursue ex-
cessively low blood glucose. More attention should be paid to
the effects of age, macrovascular complications, microvascu-
lar complications, neural complications, economic status, cul-
tural conditions, and compensatory glucose hormones on the
occurrence of hypoglycemic coma. Importantly, further follow-
up studies should be carried out to understand the long-term
prognosis of patients with hypoglycemic coma.
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