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The prevalence and incidence of type 2 diabetes 
mellitus (T2DM) are increasing worldwide. According 
to the data provided by the International Diabetes 
Federation, there were 463 million diabetic patients 
in 2019, and estimated to be 578 million by 2030(1). In 
Thailand, the prevalence of diabetes as reported by the 
Thai National Health Examination Survey increased 
from 8.9% in 2014 to 9.5% in 2019 to 2020(2).

The importance of blood glucose control and 
maintenance of glycated hemoglobin A1c (HbA1c) 
below 6.5% to 7% in preventing and reducing the 
progression of diabetic complications has been well 
established(3-5). On the contrary, hypoglycemia is the 
most common complication and the most important 
obstacle to overcome to achieve good glycemic control 
in diabetic patients. It causes serious consequences, 
leading to increased morbidity and mortality(4,5). The 
incidence of mild/moderate hypoglycemia in T2DM 
is 19 episodes per person-year, whereas severe 
hypoglycemia is 0.8 episodes per person-year(6). 
Recent studies have shown that diabetic patients 
who develop hypoglycemia tend to be elderly, longer 
duration of diabetes, have the presence of comorbid 
diseases such as chronic kidney disease, liver 
disease, dementia, cardiovascular disease, low socio-
economic status, and limited education level(7-11). 
The precipitating factor for hypoglycemia include 
patients who received insulin injection, intensive 
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glycemic control per se as evidenced by HbA1c 
levels below 6%, a history of hypoglycemia, acute 
infection, inappropriate self-medical adjustment, 
and poor knowledge about presenting symptoms of 
hypoglycemia(9,10,12).

Studies of the precipitating factors of 
hypoglycemia in patients with diabetes are useful 
for the development of patient care approaches 
to prevent hypoglycemia. However, in Thailand, 
there are limited studies regarding the risk factors 
of hypoglycemia in diabetic patients. Thus, the 
purpose of the present study was to identify the 
precipitating factors of hypoglycemia in diabetic 
patients undergoing treatment in Taksin Hospital.

Materials and Methods
Study design and population

A retrospective case-control study was conducted 
between October 2019 and September 2020 among 
diabetic patients undergoing treatment in Taksin 
Hospital, a tertiary public hospital located in Bangkok, 
Thailand. The present study had been approved for the 
ethics from the Bangkok Metropolitan Administration 
Ethics Committee for Human Research, Approval No. 
S005h/64_EXP.

The inclusion criteria were diabetic patients 
aged 15 years or older admitted to the hospital. The 
exclusion criteria were diabetic patients who were 
pregnant. The sample size for an unmatched case-
control study was calculated using the formula with 
correction factor by Fleiss et al(13). The co-morbidities 
were used to estimate the required sample size. The 
proportion of diabetic patients without hypoglycemia 
who had co-morbidities was 0.93, reported in a 
previous study in Thailand(10). The odds ratio (OR) 
for hypoglycemia was 3.58 among diabetic patients 
who had co-morbidities relative to diabetic patients 
who did not have co-morbidities. The case-to-control 
ratio had been established at 1:1. Therefore, 220 
participants were needed to give a power of β=0.8 
and a confidence level of 95% for the present study. 
The participants were classified into two groups, 110 
participants were diabetic patients hospitalized due 
to hypoglycemia, and 110 control participants were 
diabetic patients admitted for other reasons. Studied 
cases and control participants were selected for the 
present study by using simple random sampling. 

Hypoglycemia was defined as having blood 
glucose below or equal to 70 mg/dL in addition to the 
presence of symptoms consistent with hypoglycemia 
such as sweating, shaking, or palpitation, which was 
resolved with ingestion of sugar, food, or sugary 

drinks(7).

Data collection 
The sociodemographic information, clinical 

data, and precipitating causes of hypoglycemia were 
obtained from medical records. BMI was calculated 
as weight in kilograms divided by height in meter, 
squared. Dependent functional status was defined 
as the patient requiring assistance from another 
person for activities of daily living. Education was 
classified as low education level as never attended 
or attended only elementary school and high 
education level as attended higher than elementary 
school. Cardiovascular disease was defined as the 
patient had coronary artery disease or heart failure. 
Cerebrovascular disease was defined as the patient 
having a stroke. Cognitive impairment was defined as 
the patient having cognitive deficiency by using Mini-
Mental State Examination(14). Diabetic retinopathy 
was diagnosed by an ophthalmologist. Diabetic 
nephropathy was defined by a clinical diagnosis 
made based on the presence of albuminuria and/or 
reduced eGFR in the absence of signs or symptoms 
of other primary causes of kidney damage(15). Diabetic 
neuropathy was diagnosed using 10-g monofilament, 
pinprick sensations, and ankle reflexes(15). Self-care 
knowledge of hypoglycemia prevention was defined 
as the patient learned about hypoglycemia prevention 
in Diabetes Self-Management Program (DSMP) 
from Diabetes and Metabolic care Center, Taksin 
Hospital. DSMP included an overview of diabetes, 
dietary recommendation, physical activity, and 
stress management that the nurse would provide to 
the patient at each hospital visit. Intensive glycemic 
control was defined as the patient having HbA1c level 
below 6%(16). The estimated glomerular filtration rate 
(eGFR) was estimated by age, sex, race, and the most 
recent creatinine using the Chronic Kidney Disease 
Epidemiology Collaboration equation(17).

Statistical analysis
All statistical analyses were conducted using IBM 

SPSS Statistics, version 26.0 (IBM Corp., Armonk, 
NY, USA). The categorical variables were reported as 
a number with percentages. The continuous variables 
were reported as median (interquartile range, IQR). 
Chi-square or Fisher’s exact test was used to analyze 
the differences in categorical variables between the 
study groups. A Mann-Whitney U test was used 
to analyze the differences of continuous variables 
between the groups studied. The logistic regression 
analysis was performed to determine the risk factor 
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and presented as OR with 95% confidence intervals 
(CI). A p-value of less than 0.05 was considered 
statistically significant.

Results
The characteristics of the study population

One thousand four hundred fifty-four diabetic 
patients admitted to Taksin Hospital were identified 
based on the International Statistical Classification of 
Diseases and Related Health Problems Tenth Revision 
(ICD-10) for diabetes mellitus (E100-E119). One 
hundred ten cases and 110 control participants were 
selected for the present study by using simple random 
sampling (Figure 1). The 110 case participants had 
severe hypoglycemia with an altered mental status.

The sociodemographic characteristics and 
clinical baseline data are shown in Table 1. The 
median age was 69.5 years in the case study group 
and 67 years in the control group. A majority of the 
participants were female and had type 2 diabetes in 

Figure 1. Participants of the study.

Table 1. Sociodemographic characteristics and clinical baseline data of study participants

Variable Case group (n=110) Control group (n=110) p-value

Age (years); median (IQR) 69.5 (61.75 to 76.25) 67.0 (54.0 to 75.0) 0.059a

Sex (female); n (%) 71 (64.5) 66 (60.0) 0.578b

BMI (kg/m²); median (IQR) 23.42 (20.31 to 26.01) 24.22 (21.59 to 29.31) 0.138a

Education; n (%) <0.001c

No education 22 (20.0) 16 (14.5)

Elementary school 73 (66.4) 33 (30.0)

Secondary school 12 (10.9) 56 (50.9)

Bachelor degree 3 (2.7) 5 (4.5)

Functional status; n (%) 0.036c

Dependent 26 (23.6) 14 (12.7)

Independent 84 (76.4) 96 (87.3)

Alcohol drinking; n (%) 4 (3.6) 4 (3.6) 1.0c

Duration of diabetes (years); median (IQR) 15 (10 to 20) 10 (5 to 12) <0.001a

Type of DM; n (%) 0.077c

DM type 1 5 (4.5) 0 (0.0)

DM type 2 105 (95.5) 110 (100)

Co-morbidities; n (%)

Hypertension 105 (95.5) 96 (87.3) 0.031c

Dyslipidemia 105 (95.5) 79 (71.8) <0.001c

Cardiovascular disease 27 (24.5) 22 (20.0) 0.517b

Cerebrovascular disease 24 (21.8) 19 (17.3) 0.497b

Liver disease 4 (3.6) 5 (4.5) 0.734c

Cognitive impairment; n (%) 21 (19.1) 7 (6.4) 0.005c

Complication of diabetes; n (%)

Diabetic nephropathy 76 (69.1) 55 (50.0) 0.006b

Diabetic retinopathy 49 (47.1) 25 (32.9) 0.001b

Diabetic neuropathy 34 (33.7) 13 (17.8) 0.001b

Sulfonylurea treatment; n (%) 51 (46.4) 50 (45.5) 1.0b

Insulin treatment; n (%) 59 (53.6) 28 (25.5) <0.001c

HbA1c (%); median (IQR) 6.6 (5.7 to 8.0) 7.2 (6.3 to 8.9) 0.007a

eGFR (mL/minute/1.73 m²); median (IQR) 37.05 (20.36 to 77.12) 50.13 (17.22 to 87.70) 0.225a

BMI=body mass index; DM=diabetes mellitus; HbA1c=glycated hemoglobin; eGFR=estimated glomerular infiltration rate; IQR=interquartile range
a Mann-Whitney U test, b Fisher’s exact test, c Pearson chi-square
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Table 2. Logistic regression analysis of individual and precipitating factors of hypoglycemia

Individual factors Case group; n (%) Control group; n (%) Odd ratio 95% CI p-value

Lower Upper

Sex
Female 71 (64.5) 66 (60.0) 1.21 0.70 2.09 0.487
Male 39 (35.5) 44 (40.0) 1

Age
≥60 years 89 (80.9) 74 (67.3) 2.06 1.11 3.83 0.002*
<60 years 21 (19.1) 36 (32.7) 1

BMI
<25 kg/m² 70 (63.6) 61 (55.5) 1.40 0.82 2.41 0.217
≥25 kg/m² 40 (36.4) 50 (44.5) 1

Education
Low education level 95 (86.4) 49 (44.5) 7.88 4.07 15.29 <0.001*
High education level 15 (13.6) 61 (55.5) 1

Functional status
Dependent patients 26 (23.6) 14 (12.7) 2.12 1.04 4.33 0.038*
Independent patients 84 (76.4) 96 (87.3) 1

Duration of DM
≥10 years 96 (87.3) 62 (56.4) 5.31 2.70 10.43 <0.001*
<10 years 14 (12.7) 48 (43.6) 1

Diabetic medication
Insulin injection 59 (53.6) 28 (25.5) 3.39 1.92 5.99 <0.001*
Oral medication 51 (46.4) 82 (74.5) 1

HbA1c
<6% 42 (38.2) 18 (16.4) 3.16 1.67 5.96 <0.001*
≥6% 68 (61.8) 92 (83.6) 1

eGFR
<60 mL/minute/1.73 m² 70 (63.6) 58 (52.7) 1.57 0.92 2.69 0.102
≥60 mL/minute/1.73 m² 40 (36.4) 52 (47.3) 1

HT
Yes 105 (95.5) 96 (87.3) 3.06 1.06 8.82 0.038*
No 5 (4.5) 14 (12.7) 1

DLP
Yes 105 (95.5) 79 (71.8) 8.24 3.07 22.15 <0.001*
No 5 (95.5) 31 (28.2) 1

Cardiovascular disease
Yes 27 (24.5) 22 (20.0) 1.30 0.69 2.46 0.418
No 83 (75.5) 88 (80.0) 1

Cerebrovascular disease
Yes 24 (21.8) 19 (17.3) 1.34 0.68 2.61 0.396
No 86 (78.2) 91 (82.7) 1

Liver disease
Yes 4 (3.6) 5 (4.5) 0.79 0.21 3.03 0.734
No 106 (96.4) 105 (95.5) 1

Cognitive impairment
Yes 21 (19.1) 7 (6.4) 3.47 1.41 8.55 0.007*
No 89 (80.9) 103 (93.6) 1

Diabetic retinopathy
Yes 49 (47.1) 25 (32.9) 2.73 1.52 4.89 0.001*
No 61 (52.9) 85 (67.1) 1

Diabetic nephropathy
Yes 76 (69.1) 55 (50.0) 2.24 1.29 3.88 0.004*
No 34 (30.9) 55 (50.0) 1

Diabetic neuropathy
Yes 34 (33.7) 13 (17.8) 3.34 1.65 6.76 0.001*
No 76 (66.3) 97 (82.2) 1

Self-care knowledge of hypoglycemia prevention
Poor 86 (78.2) 43 (39.1) 5.58 3.09 10.10 <0.001*
Good 24 (21.8) 67 (60.9) 1

BMI=body mass index; DM=diabetes mellitus; HbA1c=glycated hemoglobin; eGFR=estimated glomerular infiltration rate; HT=hypertension; DLP=dys-
lipidemia; CI=confidence interval

* Statistical significance
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both groups. More functionally dependent patients 
were included in case group at 23.6% versus 12.7% 
(p=0.036). Most participants in the case study group 
attended elementary school at 66.4%, whereas most 
participants in the control group attended secondary 
school at 50.9%. The number of participants using 
insulin therapy was higher in the case study group at 
53.6% versus 25.5% (p≤0.001). Co-morbid such as 
hypertension, dyslipidemia, cognitive impairment, 
diabetic retinopathy, diabetic nephropathy, or diabetic 
neuropathy was significantly higher in the case study 
group. 

Univariate analysis of individual and precipitat-
ing factors of hypoglycemia in diabetic patients 
undergoing treatment in hospital

The logistic regression analysis showed 
individual and precipitating factors that were 
statistically significant and related to hypoglycemia. 
The individual factors included the age more than 
60 years (OR 2.06, 95% CI 1.11 to 3.83, p=0.002), 
low education level (OR 7.88, 95% CI 4.07 to 
15.29, p≤0.001), functionally dependent patients 
(OR 2.12, 95% CI 1.04 to 4.33, p=0.038), diabetes 
duration more than 10 years (OR 5.31, 95% CI 2.70 
to 10.43, p≤0.001), hypertension (OR 3.06, 95% CI 
1.06 to 8.82, p=0.038), dyslipidemia (OR 8.24, 95% 
CI 3.07 to 22.15, p≤0.001), diabetic retinopathy 
(OR 2.73, 95% CI 1.52 to 4.89, p=0.001), diabetic 
nephropathy (OR 2.24, 95% CI 1.29 to 3.88, p=0.004), 
diabetic neuropathy (OR 3.34, 95% CI 1.65 to 6.76, 
p=0.001), and cognitive impairment (OR 3.47, 95% 
CI 1.41 to 8.55, p=0.007). The precipitating factors 
related to hypoglycemia among diabetic patients 
with a significant p-value were insulin treatment 
in diabetic patients (OR 3.39, 95% CI 1.92 to 5.99, 
p≤0.001), HbA1c less than 6% (OR 3.16, 95% CI 

1.67 to 5.96, p≤0.001), and poor self-care knowledge 
of hypoglycemia prevention (OR 5.58, 95% CI 3.09 
to 10.10, p≤0.001). The results are shown in Table 2. 

Multiple logistic regression analysis of precipitat-
ing factors of hypoglycemia in diabetic patients 
undergoing treatment in hospital

The multiple logistic regression analysis was 
performed to identify the precipitating factors 
associated with a higher likelihood of hospitalization 
due to hypoglycemia. Poor self-care knowledge 
of hypoglycemia prevention was found to be the 
most preponderant predictor of hypoglycemia in 
diabetic patients undergoing treatment in hospital, 
with a 14-fold increased risk of hospitalization due 
to hypoglycemia (adjusted OR 14.37. 95% CI 5.75 
to 35.89, p≤0.001). Other predictors identified in 
the present study were insulin treatment in diabetic 
patients (adjusted OR 13.78, 95% CI 5.43 to 34.99, 
p≤0.001), and intensive glycemic control (adjusted 
OR 3.64, 95% CI 1.70 to 7.79, p=0.01). The results 
are shown in Table 3.

Discussion
The present study aimed to identify risk factors 

of hypoglycemia in diabetic patients undergoing 
treatment in Taksin Hospital. Hypoglycemia in 
diabetic patients were caused by various risk factors, 
such as individual factors and precipitating factors. 
In the present study, precipitating factors that played 
the role in the occurrence of hypoglycemia in diabetes 
were poor self-care knowledge of hypoglycemia 
prevention, insulin treatment in diabetic patients, and 
intensive glycemic control.

The authors found that diabetic patients with 
poor self-care knowledge of hypoglycemia prevention 
had the highest risk of hypoglycemia compared to 

Table 3. Multiple logistic regression analysis of precipitating factors of hospitalization due to hypoglycemia

Precipitating factors Case group; n (%) Control group; n (%) COR AOR Beta coefficient 95% CI for AOR p-value

Lower Upper

Self-care knowledge of hypoglycemia prevention

Poor 86 (78.2) 43 (39.1) 5.58 14.37 2.67 5.752 35.880 <0.001

Good 24 (21.8) 67 (60.9) 1 1

Insulin treatment

Yes 59 (53.6) 28 (25.5) 3.39 13.78 2.62 5.425 34.989 <0.001

No 51 (46.4) 82 (74.5) 1 1

Intensive glycemic control

HbA1c <6% 42 (38.2) 18 (16.4) 3.16 3.64 1.29 1.703 7.787 0.01

HbA1c ≥6% 68 (61.8) 92 (83.6) 1 1

HbA1c=glycated hemoglobin; COR=crude odd ratio; AOR=adjusted odd ratio; CI=confidence interval
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diabetic patients with good self-care knowledge of 
hypoglycemia prevention. The present study results 
were similar to the other studies finding that patients 
who had poor knowledge about hypoglycemia 
symptoms had a higher risk for hospitalization 
due to hypoglycemia(10,11). Diabetes with good 
knowledge about hypoglycemia prevention was 
strongly associated with hypoglycemia prevention 
interventions(18). Awareness of hypoglycemia and 
diabetic self-care management practice are the keys 
to the prevention of hypoglycemia. 

Insulin treatment was a significant precipitating 
factor of hypoglycemia consistent with the previous 
studies(10,11). In trials, there was a 4.5-fold increase 
in the risk of hypoglycemia with insulin(19). As 
well, the risk of severe hypoglycemia increased by 
42% every additional year of insulin treatment(20). 
Although insulin treatment was associated with severe 
hypoglycemia, it can be used safely and must not be 
avoided if there was a clinical need.

The present study found that intensive glycemic 
control is also the significant precipitating factor 
of hypoglycemia. The association of HbA1c with 
hypoglycemic risk is complex. In some studies, 
hypoglycemia rates were higher in diabetic patients 
who achieved targets of low HbA1c with intensive 
glucose-lowering therapy(4,5,21). However, other studies 
revealed that the risk of hypoglycemia increased when 
HbA1c was higher instead of lower(20,22). According 
to a recent study, HbA1c's relationship with severe 
hypoglycemia was U-shaped. An elevated risk for 
hypoglycemia was associated with near-normal or 
poor glycemic control(23). Therefore, treatment of 
diabetic patients with an individualized goal can 
reduce the adverse consequences of hypoglycemia. 

In addition, the present study found individual 
factors related to hypoglycemia, similar to the 
previous studies. Elderly patients at age of more than 
60 years, functionally dependent patients, cognitive 
impairment, and a longer duration of diabetes of 
more than 10 years are recognized as a higher risk 
for hypoglycemia. In elderly patients, the aging 
process modifies the counter-regulatory hormonal 
responses to become less effective in preventing 
hypoglycemia(24-27). Functionally dependent patients 
have a reduced ability to recognize and avoid 
hypoglycemia by triggering appropriate responses(28). 
Cognitive impairment impairs the perception of 
symptoms associated with hypoglycemia(24). Patients 
with long-term type 2 diabetes are similar to patients 
with type 1 diabetes mellitus in terms of their 
increased risk of hypoglycemia. In addition, a longer 

duration of diabetes is associated with advancing 
beta-cell failure(4,27,29).

The authors also found low education level is 
associated with hypoglycemia, as a recent study 
showed that low education level is related to low 
health literacy, whereas health literacy serves as an 
enabling factor for safe diabetes management(30). 
However, in the current study, hypoglycemia was 
not related to lower BMI as described in the earlier 
study(29).

Co-morbidities including hypertension, 
dyslipidemia, and complications of diabetes including 
diabetic retinopathy, diabetic nephropathy, and 
diabetic neuropathy were significant individual 
factors for hypoglycemia. The results are similar 
to the previous studies. Hypertension is associated 
with hypoglycemia and suggests that hypoglycemia 
can induce hypertension among type 2 diabetes(31). 
Dyslipidemia may be a consequence of the chronic 
increase in blood sugar and is associated with 
a longer duration of diabetes(32). Microvascular 
complications may be linked to the history of long-
term poor glycemic control. Poor glycemic controls 
are usually treated with aggressive insulin therapy(27,33). 
In the present study, however, cardiovascular 
disease, cerebrovascular disease, liver disease, renal 
impairment of eGFR of less than 60 mL/minute/1.73 
m², were not related to hypoglycemia as described in 
the previous studies(11,27,29,34). 

The present study results suggest that diabetic 
patients, especially those who are advanced age, 
have a longer duration of diabetes, and had co-
morbidities, should receive diabetes self-management 
education. Individualized glycemic goals, frequent 
SMBG, flexible insulin, and other drug regimens are 
necessary for diabetic patients with a recent history 
of hypoglycemia.

There are limitations of the present study. 
First, due to the retrospective study design, some 
precipitating factors of hypoglycemia were not 
available. Second, the authors only assessed diabetic 
patients undergoing treatment in the hospital. 
Therefore, there is a lack of data on patients with 
mild hypoglycemia who were not hospitalized. 
Further studies are required to determine management 
strategies that may prevent hypoglycemia.

Conclusion
Poor self-care knowledge of hypoglycemia 

prevention, insulin treatment in diabetic patients, and 
intensive glycemic control were strong predictors 
of hypoglycemia in diabetic patients undergoing 
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treatment in Taksin Hospital. Therefore, diabetes 
self-management education and tailoring diabetic 
therapy should be provided in diabetic patients to 
improve treatment and prevention of hospitalization 
due to hypoglycemia in diabetes.

What is already known on this topic?
Studies demonstrated that advanced age, 

functionally dependent patients, longer duration of 
diabetes, low education level, and co-morbidities 
were associated with hypoglycemia.

What this study adds? 
The precipitating factors related to hypoglycemia 

among diabetic patients were poor self-care knowledge 
of hypoglycemia prevention, insulin treatment in 
diabetic patients, and intensive glycemic control. 

Acknowledgement
The authors would like to thank the staff of 

Diabetes and Metabolic Care Center, Taksin Hospital. 
The abstract was presented as a poster presentation 
in the International Diabetes Federation Virtual 
Congress 2021.

Funding disclosure
The present study received grant support from 

Taksin Hospital Research Fund.

Conflicts of interest
The authors have nothing to disclose.

References
1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga 

S, Unwin N, et al. Global and regional diabetes 
prevalence estimates for 2019 and projections for 2030 
and 2045: Results from the International Diabetes 
Federation Diabetes Atlas, 9th edition. Diabetes Res 
Clin Pract 2019;157:107843.

2. Aekplakorn W, Puckcharern H, Satheannoppakao W. 
Thai National Health Examination Survey, NHES VI. 
Bangkok: Aksorn Graphic and Design Publishing; 
2020.

3. UK Prospective Diabetes Study (UKPDS) Group. 
Intensive blood-glucose control with sulphonylureas 
or insulin compared with conventional treatment and 
risk of complications in patients with type 2 diabetes 
(UKPDS 33). Lancet 1998;352:837-53.

4. Gerstein HC, Miller ME, Byington RP, Goff DC 
Jr, Bigger JT, Buse JB, et al. Effects of intensive 
glucose lowering in type 2 diabetes. N Engl J Med 
2008;358:2545-59.

5. Patel A, MacMahon S, Chalmers J, Neal B, Billot L, 
Woodward M, et al. Intensive blood glucose control 

and vascular outcomes in patients with type 2 diabetes. 
N Engl J Med 2008;358:2560-72.

6. Edridge CL, Dunkley AJ, Bodicoat DH, Rose TC, 
Gray LJ, Davies MJ, et al. Prevalence and incidence of 
hypoglycaemia in 532,542 people with type 2 diabetes 
on oral therapies and insulin: A systematic review and 
meta-analysis of population based studies. PLoS One 
2015;10:e0126427.

7. Clayton D, Woo V, Yale JF. Hypoglycemia. Can J 
Diabetes 2013;37 Suppl 1:S69-71.

8. Jeon JY, Kim SR, Kim HJ, Kim DJ, Lee KW, Lee JD, 
et al. Risk factors of severe hypoglycemia requiring 
medical assistance and neurological sequelae in 
patients with diabetes: A case-control study. Medicine 
(Baltimore) 2016;95:e5365.

9. Kaewput W, Thongprayoon C, Varothai N, 
Sirirungreung A, Rangsin R, Bathini T, et al. 
Prevalence and associated factors of hospitalization for 
dysglycemia among elderly type 2 diabetes patients: A 
nationwide study. World J Diabetes 2019;10:212-23.

10. Poosakaew T, Kessomboon P, Smith JF. Risk factors 
for hospitalization due to hypoglycemia in diabetic 
patients in Northeast Thailand. J Diabetes Mellitus 
2014;4:165-71.

11. Sanchai T, Patumanond J. Severe hypoglycemia in type 
II diabetes at Nakornping General Hospital: a study on 
clinical risk factors. J Med Assoc Thai 2011;94:1435-
40.

12. George M, Mathew B, Idiculla J. Risk factors for 
hypoglycemia in the elderly: A cross-sectional 
analytical study. J Mahatma Gandhi Inst Med Sci 
2017;22:18-21.

13. Fleiss JL, Levin B, Paik MC. Determining sample sizes 
needed to detect a difference between two proportions. 
In: Fleiss JL, Levin B, Paik MC, editors. Statistical 
methods for rates and proportions. 3rd ed. Hoboken, 
NJ: Wiley-Interscience; 2003. p. 64-85.

14. Folstein MF, Folstein SE, McHugh PR. "Mini-mental 
state". A practical method for grading the cognitive 
state of patients for the clinician. J Psychiatr Res 
1975;12:189-98.

15. American Diabetes Association. 11. Microvascular 
complications and foot care: Standards of medical 
care in diabetes-2021. Diabetes Care 2021;44 Suppl 
1:S151-67.

16. The DCCT Research Group. The Diabetes Control 
and Complications Trial (DCCT). Design and 
methodologic considerations for the feasibility phase. 
Diabetes 1986;35:530-45.

17. Levey AS, Stevens LA, Schmid CH, Zhang YL, 
Castro AF 3rd, Feldman HI, et al. A new equation to 
estimate glomerular filtration rate. Ann Intern Med 
2009;150:604-12.

18. Muche EA, Mekonen BT. Hypoglycemia prevention 
practice and its associated factors among diabetes 
patients at university teaching hospital in Ethiopia: 
Cross-sectional study. PLoS One 2020;15:e0238094.

19. The ORIGIN Trial Investigators. Predictors of 



1245 J Med Assoc Thai  |  Vol.105  No.12  |  December 2022

nonsevere and severe hypoglycemia during glucose-
lowering treatment with insulin glargine or standard 
drugs in the ORIGIN trial. Diabetes Care 2015;38:22-
8.

20. Davis TM, Brown SG, Jacobs IG, Bulsara M, Bruce 
DG, Davis WA. Determinants of severe hypoglycemia 
complicating type 2 diabetes: the Fremantle diabetes 
study. J Clin Endocrinol Metab 2010;95:2240-7.

21. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele 
N, Reaven PD, et al. Glucose control and vascular 
complications in veterans with type 2 diabetes. N Engl 
J Med 2009;360:129-39.

22. Miller ME, Bonds DE, Gerstein HC, Seaquist ER, 
Bergenstal RM, Calles-Escandon J, et al. The effects of 
baseline characteristics, glycaemia treatment approach, 
and glycated haemoglobin concentration on the risk 
of severe hypoglycaemia: post hoc epidemiological 
analysis of the ACCORD study. BMJ 2010;340:b5444.

23. Lipska KJ, Warton EM, Huang ES, Moffet HH, 
Inzucchi SE, Krumholz HM, et al. HbA1c and risk of 
severe hypoglycemia in type 2 diabetes: the Diabetes 
and Aging Study. Diabetes Care 2013;36:3535-42.

24. Chen NC, Chen CL, Shen FC. The risk factors of 
severe hypoglycemia in older patients with dementia 
and type 2 diabetes mellitus. J Pers Med 2022;12:67.

25. de Decker L, Hanon O, Boureau AS, Chapelet G, 
Dibon C, Pichelin M, et al. Association between 
hypoglycemia and the burden of comorbidities in 
hospitalized vulnerable older diabetic patients: A 
cross-sectional, population-based study. Diabetes Ther 
2017;8:1405-13.

26. Shafiee G, Mohajeri-Tehrani M, Pajouhi M, Larijani B. 
The importance of hypoglycemia in diabetic patients. 
J Diabetes Metab Disord 2012;11:17.

27. Silbert R, Salcido-Montenegro A, Rodriguez-Gutierrez 
R, Katabi A, McCoy RG. Hypoglycemia Among 
Patients with Type 2 Diabetes: Epidemiology, Risk 
Factors, and Prevention Strategies. Curr Diab Rep 
2018;18:53.

28. Abdelhafiz AH, Rodríguez-Mañas L, Morley JE, 
Sinclair AJ. Hypoglycemia in older people - a less 
well recognized risk factor for frailty. Aging Dis 
2015;6:156-67.

29. Yun JS, Ko SH. Risk Factors and Adverse Outcomes 
of Severe Hypoglycemia in Type 2 Diabetes Mellitus. 
Diabetes Metab J 2016;40:423-32.

30. Berkowitz SA, Karter AJ, Lyles CR, Liu JY, Schillinger 
D, Adler NE, et al. Low socioeconomic status is 
associated with increased risk for hypoglycemia in 
diabetes patients: the Diabetes Study of Northern 
California (DISTANCE). J Health Care Poor 
Underserved 2014;25:478-90.

31. Tran H, Thinkhamrop B, Laohasiriwong W, Hurst 
C. The effect of hypertension comorbidity on the 
development of hypoglycemia in patients with type 2 
diabetes. Int J Diabetes Dev Ctries 2015;35:598-603.

32. Agrawal S, Makuch S, Dróżdż M, Dudzik T, Domański 
I, Poręba R, et al. The impact of hypoglycemia on 
patients with diabetes mellitus: A cross-sectional 
analysis. J Clin Med 2022;11:626.

33. Zoungas S, Patel A, Chalmers J, de Galan BE, 
Li Q, Billot L, et al. Severe hypoglycemia and 
risks of vascular events and death. N Engl J Med 
2010;363:1410-8.

34. Pratiwi C, Mokoagow MI, Made Kshanti IA, Soewondo 
P. The risk factors of inpatient hypoglycemia: A 
systematic review. Heliyon 2020;6:e03913.


