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1  | INTRODUC TION

Hypoglycemia is defined several types, including severe hypogly-
cemia, symptomatic, and asymptomatic hypoglycemia (all blood 
glucose ≤70 mg/dl, but the symptoms are different), which may be 
hypoglycemia (symptomatic, but blood glucose is unknown) and 
relative hypoglycemia (symptomatic but still more than 70 mg/

dl) (Smith et al., 2018). The incidence of hypoglycemia has not 
been significantly lower in diabetic patients with improved blood 
glucose management and increased use of insulin (Holt, 2019). 
Studies suggest that hypoglycemia is directly associated with the 
risk of cognitive impairment and physical weakness (Abdelhafiz & 
Sinclair, 2019). Stable blood glucose concentration can ensure that 
the right amount of carbohydrates are transported to the brain, 
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Abstract
To further clarify the correlation between glucose and other biochemical indicators, 
to search the risk factors of hypoglycemia through a cross- sectional study. Data were 
obtained from subjects who underwent health examination in the Health Promotion 
Center from July 2018 to June 2019. Hypoglycemia is defined as fasting blood glu-
cose less than 4.2 mmol/L. All data were analyzed using Windows R software. A total 
of 23,935 subjects were included. There were significant differences in age, BMI, 
waist circumference, blood pressure, glucose, lipid, thyroid function, liver function, 
and kidney function between men and women (p < .05). The occurrence of hypo-
glycemia was affected by gender and nondiabetic patients (p < .001). In nondiabetic 
patients, hypoglycemia was affected by age (p < .05). For each year of age increase, 
the risk of hypoglycemia was reduced by 2.6%; the risk of hypoglycemia decreased by 
3.7% when the waist circumference increased by 1 cm; the risk of hypoglycemia in-
creased by 30.3% with each unit of TG increased; the risk of hypoglycemia decreased 
by 66.1% for each unit increased by TC; the risk of hypoglycemia increased by 1.715 
times for each increased unit of HDLC; the risk of hypoglycemia increased by 1.185 
times for each unit of LDLC. Women and nondiabetic people are more likely to have 
hypoglycemia. Among the group without diabetes, diastolic blood pressure, triglycer-
ide, HDLC, and LDLC are risk factors of hypoglycemia.
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which may be the most fundamental reason for affecting cogni-
tion. Hypoglycemia is considered to be an interdisciplinary prob-
lem, which can affect the medication of diabetes and is related 
to a variety of endocrine system diseases and tumors (Rokicka 
et al., 2019).

With the improvement of living standards, people pay more 
and more attention to the physical examinations every year. In 
the same way, blood glucose is a must. In the physical examina-
tion results, in addition to the results of increased blood glucose, 
there are many physical examinations found that blood glucose is 
low. In the interpretation of physical examination results, physi-
cal examinees and even medical staff pay more attention to the 
problem of elevated blood glucose, while ignoring the decrease of 
blood glucose, which may lead to missed diagnosis such as islet cell 
tumor. Studies suggest that chronic cerebral hypoperfusion in dia-
betic patients is associated with recurrent hypoglycemia, cognitive 
impairment, and increased risk of dementia, while hypoglycemia- 
related cognitive impairment is associated with cerebrovascular 
changes (Rehni & Dave, 2018). Chronic diseases most commonly 
associated with an increased risk of hypoglycemia include kidney 
disease, cardiovascular disease, cognitive impairment, depres-
sion, and heart failure (Silbert et al., 2018). Hypoglycemia is also 
increasingly recognized as a complication of weight loss therapy 
(Suhl et al., 2017). At present, studies on hypoglycemia are mostly 
focused on diabetic patients, and a large sample of healthy peo-
ple has been analyzed. This study intends to analyze the relevant 
test results of physical examination population through the cross- 
sectional study to further clarify the correlation between blood 
glucose and other biochemical indicators, incidence of hypoglyce-
mia, and risk factors of hypoglycemia, so as to provide a basis for 
future research on blood glucose management and hypoglycemia 
mechanism.

2  | MATERIAL S AND METHODS

2.1 | Data and methods

Data were obtained from subjects who underwent health examina-
tion in the Health Promotion Center from July 2018 to June 2019.

Inclusion criteria: Subjects who underwent a medical history 
questionnaire and blood test.

Exclusion criteria: (1) age <18 y or age >80 y; (2) pregnancy sta-
tus; (3) patients with malignant tumors; (4) patients with heart dis-
ease; (5) patients with other autoimmune diseases; and (6) patients 
with chronic kidney or liver diseases.

2.2 | Clinical and laboratory assessments

Clinical information was completed by trained general practition-
ers. Waist circumference, height,and body weight were measured 
by a well- trained nurse. Body mass index (BMI) was calculated as 

body weight (kg)/height squared (m2). Systolic blood pressure and 
diastolic blood pressure were measured after 15 min of rest. Serum 
fasting blood glucose (FBG), high- density lipoprotein cholesterol 
(HDL- C), low- density lipoprotein cholesterol (LDL- C), total choles-
terol (TC), triglyceride(TG), uric acid(UA), aminotransferase(ALT), 
aspartate aminotransferase (AST), blood urea nitrogen(BUN), and 
creatinine(Cr) were measured using a Hitachi 7600 clinical analyzer 
(Hitachi, Tokyo, Japan). Free triiodothyronine (FT3), free thyroxine 
(FT4), thyroid- stimulating hormone (TSH), thyroid peroxidase anti-
body (TPOAb), and thyroid globulin antibody (TgAb) were quanti-
fied using chemiluminescent enzyme immunoassays (ICMA; Abbott, 
Chicago, IL, USA).

2.3 | Diagnostic criteria

The normal range of blood glucose in our hospital was 4.2– 
5.8 mmol/L. Since all data are from the physical examination popula-
tion, the number of people with blood glucose below 3.9 mmol/L is 
limited. In this study, we defined fasting glucose below 4.2 mmol/L 
as hypoglycemia.

2.4 | Statistical analysis

All data were analyzed using Windows R software (version 3.5.1). 
Chi- square test was used to compare categorical variables, t- test or 
Mann– Whitney U test was used for continuous variable comparison. 
Logistic regression analysis was used to analyze the risk factors or 
independent predictors associated with hypoglycemia. The mean of 
continuous data is expressed as mean ± SD. p < .05 was statistically 
significant.

3  | RESULTS

3.1 | General information and analysis

According to the inclusion criteria and exclusion criteria, 23,935 sub-
jects were included (Figure 1). Through the analysis, we found that 
there was significant differences in age, BMI, waist circumference, 
blood pressure, blood glucose, blood lipid, thyroid function, liver 
and kidney function between different genders. There were 13,567 
males and 10,368 females. There were significant differences in age, 
BMI, waist circumference, blood pressure, blood glucose(fast), blood 
lipid, thyroid function, liver, and kidney function between men and 
women(p < .05). Among them, the age, BMI, waist circumference, 
blood pressure, fasting blood glucose, glycosylated hemoglobin, 
blood lipid (except HDLC), and liver function index of male are higher 
than that of female; male's uric acid is higher than female's; male's 
thyroxine is higher than female's; the thyroid- stimulating hormone 
of female is higher than that of male; the thyroid antibody of female 
is higher than that of male (Table 1).
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3.2 | Analysis of the correlation between blood 
glucose and gender, age, and other indicators

The following results were obtained by linear correlation analysis: ① 
fasting blood glucose was correlated with age, BMI, waist circumfer-
ence, blood pressure, blood lipid, liver function index, and thyroid 
hormone, but the correlation coefficient was not high, while blood 
glucose had no correlation with FT3. ② glycosylated hemoglobin 
was correlated with age, blood lipid, liver function index, FT4, TGAb, 
but the correlation coefficient was not high, while glycosylated 
hemoglobin had no correlation with FT3, TSH, and TPOAb (Table 2).

3.3 | Relationship between hypoglycemia 
(blood glucose below normal range) and gender, 
diabetes mellitus

We found that: (1) The incidence of hypoglycemia was affected by 
gender (p < .001), and the possibility of hypoglycemia (<4.2 mmol/L) 
in women was significantly higher than that in men. (2) Hypoglycemia 
was affected by diabetic and nondiabetic patients (p < .001). The 
possibility of hypoglycemia (<4.2 mmol/L) in diabetic patients was 
significantly lower than that in nondiabetic patients (Table 3).

3.4 | Analysis of the correlation between the 
frequency of hypoglycemia and age

Since the theoretical frequency is less than 1, Fisher's exact test is 
used in this study. The results showed that: (1) In diabetic patients, 
hypoglycemia was not affected by age (p > .05), indicating that the 
possibility of hypoglycemia (<4.2 mmol/L) was similar in different 
age groups. (2) In nondiabetic patients, hypoglycemia was affected 

by age (p < .05), suggesting that the possibility of hypoglycemia 
(<4.2 mmol/L) was different in different age groups (Tables 4 and 5).

3.5 | Analysis of risk factors of hypoglycemia

There were 1219 diabetic patients. Because of the small sample size, 
the reference value of logistic regression was limited. There were 
22,841 nondiabetic patients. Logistic regression analysis was used. 
Finally, the logistic model was statistically significant. Among the in-
dependent variables included in the model, age, waist circumference, 
systolic blood pressure, diastolic blood pressure, TG, TC, HDLC, and 
LDLC were statistically significant. The results showed that: (1) For 
each year of age increase, the risk of hypoglycemia was reduced by 
2.6%; (2) the risk of hypoglycemia decreased by 3.7% when the waist 
circumference increased by 1 cm; (3) the risk of hypoglycemia in-
creased by 30.3% with each unit (mg/dl) of TG increased; (4) the risk 
of hypoglycemia decreased by 66.1% for each unit (mg/dl) increased 
by TC; (5) the risk of hypoglycemia increased by 1.715 times for each 
unit increased unit (mg/dl) of HDLC; (6) the risk of hypoglycemia in-
creased by 1.185 times for each unit (mg/dl) of LDLC.

4  | DISCUSSION

Abnormal blood glucose is common in the clinic. Most hypoglycemic 
events are thought to be related to diabetes. However, hypoglyce-
mia often occurs in nondiabetic patients. The occurrence of diabetes 
in nondiabetic inpatients is related to malnutrition, heart failure, ma-
lignant tumor, kidney disease, etc., and it is considered that the oc-
currence of such hypoglycemia is related to high mortality (Vihonen 
et al., 2018). At present, researches on the mechanism of hypogly-
cemia mostly focus on diabetes patients. Studies have found that 

F I G U R E  1   Flow diagram
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alcohol can induce hypoglycemia, and the main reason is that the 
inhibition of hepatic gluconeogenesis downregulates the antiregu-
latory hormone and reduces the release of glucose from the liver, 
and hypothermia directly disrupts glucose homeostasis (Vihonen 
et al., 2018). Hypoglycemia has also been shown to be associated 
with the nervous system, such as epilepsy, and low blood glucose 
levels are considered to be an important trigger for physiological 
seizures (Badawy et al., 2013). Hypoglycemia caused by congestive 
heart failure and cardiogenic shock is associated with secondary 
liver failure (Kataja et al., 2017). The causes of hypoglycemia also 
include age, insulin, weight loss, renal function decline, and changes 
in diet or drugs (Mathioudakis et al., 2018). It can be seen that the oc-
currence of hypoglycemia is related to many factors, such as diabe-
tes or more serious diseases, and is also related to the length of stay. 
However, there are few studies on the incidence of hypoglycemia in 
the general population.

Our study includes a large number of physical examination pop-
ulation, which has the characteristics of the general population and 
can better explain the situation of the public. Through data analysis, 
we found that the level of multiple indicators in men was significantly 
higher than that in women, including blood glucose level. In general, 
women's fat is distributed in the periphery, while men's fat is mostly 

distributed in the viscera, and women's muscle mass is often less 
than men's so that less muscle is used to absorb glucose (Gonzalez- 
Jaramillo et al., 2019). However, our study found that the waist cir-
cumference and body mass index of men are significantly higher 
than those of women. It is speculated that under the current situa-
tion, men tend to increase fat significantly, while women pay more 
attention to weight management, which is also the current social sit-
uation, and can also be used as the reason why men's fasting blood 
glucose level is significantly higher than women's. In the correlation 
analysis, fasting blood glucose level was correlated with age, BMI, 
waist circumference, blood pressure, blood lipids, liver enzymes, and 
thyroid hormone (except FT3). In animal experiments, the response 
of insulin to intravenous and intestinal nonstructural carbohydrates 
increased with age (Rapson et al., 2018), which showed that blood 
glucose level was correlated with age, which was consistent with 
our results. One study suggested that thyroid hormone is related 
to lipid metabolism and insulin metabolism (Lei et al., 2019); it also 
confirmed the correlation between blood glucose level and thyroid 
hormone. Because of the correlation between blood glucose levels 
and various indicators, but the correlation is not high. Therefore, we 
further analyzed the correlation between hypoglycemia and diabe-
tes and gender. The results showed that hypoglycemia was related to 

Female
N = 10,368

Male
N = 13,567 p

Age (year old) 46.92 ± 10.54 47.94 ± 10.32 <.001

BMI (kg/m2) 22.80 (2.99) 25.03 (3.10) <.001

WC (cm) 77.27 (8.58) 89.20 (8.52) <.001

SBP (mmHg) 117.44 (17.59) 124.91 (15.04) <.001

DBP (mmHg) 69.00 (10.91) 75.59 (10.70) <.001

Glucose (mmol/L) 5.14 ± 0.86 5.50 ± 1.33 <.001

Hba1c (%) 5.38 ± 0.60 5.56 ± 0.81 <.001

TG (mg/dl) 1.31 ± 0.98 1.99 ± 1.71 <.001

TC (mg/dl) 4.77 ± 0.93 4.83 ± 0.94 <.001

HDLC (mg/dl) 1.42 ± 0.33 1.16 ± 0.28 <.001

LDLC (mg/dl) 2.62 ± 0.73 2.74 ± 0.76 <.001

ALT (IU/L) 18.99 ± 15.26 31.20 ± 26.19 <.001

AST (IU/L) 18.58 ± 8.41 22.14 ± 13.42 <.001

UA (μmol/L) 287.27 ± 59.84 400.56 ± 78.26 <.001

BUN (mmol/L) 4.56 ± 1.14 5.06 ± 1.16 <.001

Cr (μmol/L) 57.79 ± 8.61 80.65 ± 13.24 <.001

FT3 (pg/ml) 2.80 ± 0.41 2.97 ± 0.37 <.001

FT4 (ng/dl) 1.00 ± 0.12 1.02 ± 0.11 <.001

TSH (mIU/L) 2.00 ± 1.47 1.71 ± 1.44 <.001

TGAb (IU/ml) 25.62 ± 93.61 7.73 ± 45.52 <.001

TPOAb (IU/ml) 27.42 ± 110.39 10.29 ± 64.41 <.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood 
pressure; BUN, blood urea nitrogen; DBP, diastolic blood pressure; FBG, fast blood glucose; HDL, 
high- density lipoprotein; LDL, low- density lipoprotein; NAFLD, nonalcoholic fatty liver disease; 
SBP, systolic blood pressure; SUA, serum uric acid; TC, total cholesterol; TG, triglycerides; WC, 
waist circumference.

TA B L E  1   Baseline data analysis of 
selected samples
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gender and diabetes, and the possibility of hypoglycemia was higher 
in female and nondiabetic patients. The researchers suggest that 
the control of blood glucose is related to gender. Women pay more 
attention to blood glucose control than men and have higher atten-
dance in outpatient service (Kautzky- Willer & Harreiter, 2017), so 
that women are more likely to lower their blood glucose. The com-
mon complication of diabetes is hypoglycemia, which is often related 
to the use of insulin or strict management of blood glucose (Ahmad 
et al., 2019). Therefore, the cause of hypoglycemia that is more likely 
to occur in nondiabetic patients may be related to the good control 
of blood sugar and the high level of blood sugar in diabetics. On the 
other hand, it shows that diabetics are not very strict in blood sugar 
control. Our study also found that the incidence of hypoglycemia in 
nondiabetic patients was affected by age, and the occurrence of hy-
poglycemia was higher in the age group of 40– 60 years. At present, 
there is no research on hypoglycemia and age, and further experi-
ments need to be designed to verify it.

Finally, we established a logistic model. Among the independent 
variables included in the model, age, waist circumference, systolic 
blood pressure, diastolic blood pressure, TG, TC, HDLC, and LDLC 
were statistically significant. Among the group without diabetes, 
age, waist circumference, systolic blood pressure, and cholesterol 
are protective factors of hypoglycemia, while diastolic blood pres-
sure, triglyceride, HDLC, LDLC are risk factors of hypoglycemia. 
Our results show that the increase of blood lipid is related to the 
incidence of hypoglycemia, which may be related to the endocrine 
dysfunction caused by impaired glucose tolerance and dyslip-
idemia. At present, it is believed that the causes of hypoglycemia 
in patients with diabetes mellitus are related to the use of drugs, 
however, for patients with non- insulin treatment, the risk factors 

TA B L E  2   Linear correlation analysis of blood glucose and related 
indexes

Glucose p Hba1c p

Age 0.205 <.001 0.307 <.001

BMI 0.238 <.001 0.225 <.001

Wc 0.286 <.001 0.270 <.001

ABP 0.217 <.001 0.187 <.001

DBP 0.184 <.001 0.140 <.001

TG 0.214 <.001 0.174 <.001

TC 0.119 <.001 0.112 <.001

HDLC −0.140 <.001 −0.146 <.001

LDLC 0.042 <.001 0.065 <.001

ALT 0.136 <.001 0.101 <.001

AST 0.083 <.001 0.060 <.001

UA 0.087 <.001 0.0.072 <.001

BUN 0.108 <.001 0.146 <.001

Cr 0.272 <.001 0.031 <.001

FT3 −0.010 .117 −0.002 .792

FT4 0.061 <.001 −0.014 .028

TSH −0.019 .003 −0.002 .666

TGAb −0.019 .003 −0.017 .009

TPOAb −0.015 .023 −0.007 .248

Note: p >.05 means no correlation.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BP, blood pressure; BUN, blood urea nitrogen; DBP, 
diastolic blood pressure; FBG, fast blood glucose; HDL, high- density 
lipoprotein; LDL, low- density lipoprotein; NAFLD, nonalcoholic fatty 
liver disease; SBP, systolic blood pressure; SUA, serum uric acid; TC, 
total cholesterol; TG, triglycerides; WC, waist circumference.

TA B L E  3   Relationship between hypoglycemia and gender, diabetes mellitus

Female
N = 10,368

Male
N = 13,567 p

NonDiabetes
N = 22,721

Diabetes
N = 1214 p

Non- hypoglycemia 10,173 13,395 <.001 22,359 1209 .002

Hypoglycemia 195 172 362 5

Note: p < .05, indicating statistical significance.

~30 30 40 50 60 70~ p

Diabetes N = 1219

Non- hypoglycemia 7 47 238 553 314 50 .1215

Hypoglycemia 0 0 3 0 2 0

Non- diabetes N = 22,721

Non- hypoglycemia 1125 3950 7830 6988 2121 345 <.001

Hypoglycemia 47 97 120 84 12 2

Note: p < .05, indicating statistical significance.

TA B L E  4   Analysis of the correlation 
between the frequency of hypoglycemia 
and age
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of hypoglycemia are mostly related to diet and exercise (Silbert 
et al., 2018). Another study suggested that hypoglycemia health rate 
and blood glucose fluctuation are more likely to occur hypoglycemia 
(Torimoto et al., 2018). Because hypoglycemia events are difficult to 
capture, there is no research on hypoglycemia in normal people. Our 
study used the data of the physical examination population, and the 
definition of hypoglycemia was limited to the below normal range, 
which was also due to the fact that the actual symptoms could not 
diagnose hypoglycemia patients. Our aim is to explore the incidence 
and risk factors of hypoglycemia in the population. A recent study 
suggested that hypoglycemia is the main cause and effect factor of 
cardiovascular events (Hanefeld et al., 2016). Hypoglycemia is also 
considered to be an obstacle to glycemic control in hospitalized pa-
tients and can affect the ultimate mortality and length of stay (Ruan 
et al., 2019). Therefore, regardless of whether the patient is suffering 
from diabetes, we should pay attention to the situation of hypogly-
cemia do a good job in prevention and management. Our study has 
some limitations: (1) the definition of hypoglycemia is not rigorous; 
(2) the total sample size is large, but the sample size of hypoglycemia 
is small; (3) there is a lack of basic research basis; (4) There is no 
special questionnaire for hypoglycemia. Therefore, we will increase 
the design basic research in the later research, expand the number of 
hypoglycemia samples, and adopt a strict definition of hypoglycemia 
as far as possible.

5  | CONCLUSION

Hypoglycemia is still present in patients with or without diabetes. 
In the general population, the level of fasting blood glucose in men 
is significantly higher than that in women. Women and nondiabetic 
people are more likely to have hypoglycemia. Among the group with-
out diabetes, age, waist circumference, systolic blood pressure, and 
cholesterol are protective factors of hypoglycemia, while diastolic 
blood pressure, triglyceride, HDLC, and LDLC are risk factors of 
hypoglycemia.
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