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Abstract

Background and Purpose For patients with diabetes, severe hypoglycemia has a significant
economic impact and adverse effect on quality of life. The aim of this study was to assess the incidence
of and risk factors for severe hypoglycemia among patients with type 2 diabetes. Methods We eva-
luated a cohort of 1195 patients with type 2 diabetes followed in the outpatient clinic of Mackay Memory
Hospital, Taitung, Taiwan from January 1 through December 31, 2004. Medical records were retro-
spectively reviewed for demographics, medical history, duration of diabetes, results of laboratory tests,
and current diabetes therapy. We used univariate and multivariate logistic regression to determine risk
factors for severe hypoglycemia. Results The overall incidence of severe hypoglycemia was 7.4%.
Patients on insulin therapy had higher incidence than patients on oral hypoglycemic agents alone (17.8%
vs. 6.3% P < 0.001). Multiple logistic regression showed that the risk of severe hypoglycemia increased
with older age (P<0.001), lower educational level (P =0.02), HbA1c level lower than 7.0% (P<0.001),
current insulin therapy (P<0.001), and impaired renal function (P = 0.01)  Conclusion Older age, lo-
wer educational level, HbA1c 7, current insulin therapy and impaired renal function are risk factors of
severe hypoglycemia in type 2 diabetes.  ( J Intern Med Taiwan 2006; 17: 73-77 )
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Introduction
Hypoglycemia is the most common endocrine

emergency. It has a significant economic impact and

impairs quality of life in patients with diabetes 1. Mild

hypoglycemia induces unpleasant symptoms and

emotional distress 2. However, severe hypoglycemia

may cause profound brain dysfunction 3 and may be

associated with fatal vascular events, such as myocar-

dial infarction, stroke, and cardiac arrhythmias 4-6.

Hypoglycemia is common in type 1 diabetes,

with mild, self-treated episodes occurring as fre-

quently as 1 to 2 episodes a week. The incidence of

severe hypoglycemia in type 1 diabetes ranges from



0.62 to 1.6 episodes per patient per year 7-9.  In people

with type 2 diabetes, though, the frequency of severe

hypoglycemia is generally considered to be low 10,11.

Nevertheless, it may be becoming more common. The

Diabetes Control and Complications Trial (DCCT)

and United Kingdom prospective Diabetes Study

(UKPDS) trials in type 1 and type 2 diabetes have

proved that the risk of vascular complications is

strongly correlated with HbA1c levels and the dura-

tion of poor glycemic control. Extensive evidence

supports the efficacy of intensive glucose manage-

ment in decreasing micro-and macrovascular com-

plications 8,11.  Stricter glucose control goals and ear-

lier introduction of insulin in type 2 diabetes lead to

a consequent increase in the risk of severe hypo-

glycemia12. However, there is little information on the

frequency of and risk factors for severe hypoglycemia

in type 2 diabetes in the typical clinical practice set-

ting. Moreover, less is known about hypoglycemia in

minority populations with low literacy levels, where

tight glycemic control might be more difficult to at-

tain. The aim of this study was to assess the incidence

of and risk factors for severe hypoglycemia among

patients with type 2 diabetes treated in the outpatient

center of a regional hospital in Taitung, Taiwan. 

Methods
Study Design

We examined records from the outpatient clinic

of Mackay Memory Hospital Taitung, Taiwan from

January 1 through December 31, 2004. We studied a

cohort of 1442 adults with type 2 diabetes mellitus

(diagnosed according to American Diabetes

Association criteria 13 ) who had at least 3 outpatient

appointments during the study period. Their medical

records were reviewed for demographics, medical

history, duration of diabetes, results of laboratory

tests, and current diabetes therapy. Severe hypo-

glycemia was defined as loss of consciousness or oth-

er major alteration of mental status requiring the as-

sistance of another person for reversal. Impaired re-

nal function was defined as a creatinine clearance of

less than 80 mL/min, as estimated using the

Cockcroft-Gault formula 14. Patients' educational le-

vel was stratified to two levels with the cut-point at

the beginning of junior high school. Type of therapy

was classified to diet, oral hypoglycemic agents and

insulin three groups. In insulin group we included pa-

tients prescribed with insulin alone or both insulin

and oral hypoglycemic agents. HbA1c levels were ca-

tegorized as 7% and > 7%. We measured HbA1c

level using an Affinity High Performance Liquid

Chromatography (HPLC) assay (Primus CLC-385,

reference range 4.5% to 5.7%). 

Statistical analyses

Descriptive statistics included means, standard

deviation, and percentages. We performed an un-

paired 2-tailed t-test to analyze continuous variables

and a Wald z-test for categorical variables. We used

univariate and multivariate logistic regression to de-

termine the risk factors for severe hypoglycemia.

Statistical analysis of the data was performed using

Stata version 8.0 (Stata Corporation, Texas, USA). 

Results

A total of 1195 patients were included in this  

study, 247 excluded because of incomplete demo-

graphic or laboratory data.  The subjects were pre-

dominantly non-aboriginal, with males and females

almost equally represented. The majority (757/1195,

63.3%) were either illiterate or had only an elemen-

tary school education, and four fifths of the patients

were being treated with oral hypoglycemic agents

(Table 1). 

The mean HbA1c level was significantly lower in

patients whose diabetes was managed by means of

diet alone (6.1% 0.7), followed by those managed

with oral agents alone (7.6% 1.8), or with insulin

(8.1% 2.0). The incidence of severe hypoglycemia

was 7.4% (88 of 1195). Patients receiving insulin

therapy had a higher incidence than did patients on

oral agents alone (23/129, 17.8% vs. 65/1036, 6.3%,

P <0.001). None of 30 patients treated with diet alone
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had severe hypoglycemia. 

By univariate logistic regression, age (P

<0.001), educational level (P <0.001), HbA1c (P

<0.001), insulin therapy (P <0.001), and renal dys-

function (P <0.001) were associated with severe hy-

poglycemia (Table 1). Significant risk factors by mul-

tiple logistic regression included older age (P

<0.001), lower educational level (P = 0.02), HbA1c

level lower than 7.0% (P < 0.001), current insulin

therapy (P <0.001) and impaired renal function

(P=0.01). After insulin therapy and a lower HbA1c,

the highest odds ratios (OR) were associated with re-

nal impairment (2.46, 95% CI 1.21 to 4.99) and lo-

wer educational level (OR 2.16, 95% CI 1.14-4.12)

(Table 2).

Discussion 
In our study, we found an overall incidence of

severe hypoglycemia of 7.4%, but it varied with the

type of diabetes therapy. Patients receiving insulin

had a higher incidence than did patients on oral

agents alone (17.8% vs. 6.3%). A population-based

study reported the incidence of severe hypoglycemia

in type 2 diabetes was 7.3% with insulin and 0.8%

with oral agents 12. Christopher et al reported among

1055 patients with type 2 diabetes in a diabetes cen-

ter a 0.5% incidence of severe hypoglycemia with in-

sulin and none with oral agents 15. The latter study

more closely resembled our study which was also in

a specific clinical practice setting. Although this

study was limited by retrospective nature and we may

miss severe hypoglycemic episodes that were not

treated at our hospital. Incidence of severe hypo-

glycemia could be underestimated.  However, the

overall incidence of severe hypoglycemia in our se-

ries was considerably higher. Also our results paral-

leled the other in that severe hypoglycemia was more

common in insulin-treated patients than in those treat-

ed with oral agents or diet alone. 
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Table 1.Demographic and clinical Characteristics of

study cohort and univariate analysis on risk of

sever hypoglycemia    

No.(%) P-value 
Total 1195

Age, mean SD 61.9 ± 12.1 <0.001

Diabetes duration, mean SD 7.1 ± 5.0 0.39

Gender 0.08

Female 598 (50%)

Male 597 (50%)

Ethnicity 0.39

Aborigines 217 (18.2%)

Non-aborigines 978 (81.8%)

Education Level <0.001

Junior high school 757 (63.3%)

Junior high school 438 (36.7%)

HbA1c <0.001

7% 510 (42.7%)

7% 685 (57.3%)

Impaired renal function 65 (5.4%) <0.001

Type of diabetes therapy <0.001*

Diet alone 30 (2.5%)

Oral hypoglycemic agents 1036 (86.7%)

Insulin 129 (10.8%)
*Type of diabetes therapy: insulin vs. oral hypoglycemic

agents

Table 2.Risk factors for severe hypoglycemia by multivariate analysis     

Odds Ratio (95% CI) P-value  
Age by annual increments 1.03 (1.01-1.06) <0.001

Diabetes duration by annual increments 0.97 (0.93-1.02) 0.29

Gender 0.85 (0.53-1.36) 0.49

Ethnicity 1.08 (0.56-2.08) 0.82

Educational level,  Junior high school vs. Junior high school 2.16 (1.14-4.12) 0.02

HbA1c,  7% vs. 7% 3.60 (2.14-6.03) <0.001

Type of diabetes therapy,  insulin vs. oral hypoglycemic agents 5.26 (2.83-9.78) <0.001

Impaired renal function 2.46 (1.21-4.99) 0.01



As in previous investigations 16-18, our study

demonstrated that older age increased the risk for se-

vere hypoglycemia. There are several possible ex-

planations for this finding. First, ageing per se mod-

ifies the counterregulatory hormone and symptom re-

sponses to hypoglycemia, resulting in a loss of

adrenergic symptoms 19. Second, inconsistent eating

patterns or missed meals are not uncommon in elderly
20. Third, age-associated decreases in hepatic oxi-

dative enzyme activity may interfere with the

metabolism of oral hypoglycemic agents 21. Finally,

older patients may be more likely to have impaired

renal function, which we found to be an independent

risk factor for severe hypoglycemia. We did not, ho-

wever, find a direct correlation between age and renal

dysfunction. Several mechanisms for the development

of hypoglycemia in the setting of renal insufficiency

have been proposed, including reduction of renal

gluconeogenesis and decreased clearance of insulin

and oral hypoglycemic agents 22,23. 

Low literacy is an important barrier to good care

for patients with diabetes 24,25. Our study documented

this as a risk factor for severe hypoglycemia, one that

is presumably modifiable. Better communication and

patient education materials appropriate to patients'

literacy level would be expected to reduce the risk.

Such methods need to be developed and tested to en-

sure that optimal care is provided regardless of edu-

cational level. 

Not surprisingly, the incidence of severe hypo-

glycemia increases as mean HbA1c levels fall 26. We

found the risk increased as the HbA1c level ap-

proached the American Diabetes Association goal of

less than 7.0%. The patients who have a lower HbA1c

level should be encouraged to be more diligent about

meal planning, flexible insulin and other drug regi-

mens and frequent self-monitor blood sugar.  

The incidence of severe hypoglycemia in this

study appeared to be higher than that reported else-

where, although the risk factors we identified are sim-

ilar to those identified by other investigators.

Identifying patients at risk for severe hypoglycemia

is essential if we are to develop better strategies to

prevent this complication of treatment for diabetes.
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