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INTRODUCTION
Diabetes is caused by insufficient insulin secretion or 

insulin use disorder. The main symptoms are polydipsia, 
polyuria, polyfood and weight loss. Patients with diabetes with 
a long course of the disease will face nerve, blood vessel, 
kidney and other important tissues and organs lesions, leading 
to cardiovascular disease, renal failure and even death.1 
According to research, diabetes is an important cause of 
nosocomial infection. In recent years, the incidence and 
mortality of nosocomial infection in patients with diabetes 
have been on the rise, which seriously affects the physical and 
mental health and quality of life of patients. Therefore, in order 
to reduce the incidence of nosocomial infection in diabetic 

ABSTRACT
Objective • To analyze the predictive efficacy of HbA1c on 
nosocomial infection in diabetic patients. 
Methods • 566 patients with diabetes who received 
treatment in our hospital from January 2021 to January 
2023 were selected as the study objects. All patients 
received relevant treatment in the hospital. Patients with 
nosocomial infection during treatment were included in 
the occurrence group, and those without nosocomial 
infection were included in the non-occurrence group. The 
level of HbA1c and other laboratory indicators before 
admission were compared between the two groups of 
patients [gender, hypertension, age, body mass index 
(BMI), length of stay, primary caregiver, duration of 
disease, diabetes complications, antibiotic use, fasting 
blood glucose (FBG), invasive treatment, hemoglobin 
(HGB) and insulin resistance index (HO) MA-IR), to 
analyze the relationship between each index and the 
occurrence of hospital infection in diabetic patients, and 
to test the predictive value of HbA1c level in the occurrence 
of hospital infection in diabetic patients. 
Results • Among 566 patients with diabetes admitted to 
our hospital, 139 patients had nosocomial infection, 
accounting for 24.56%, and 427 patients did not have 
nosocomial infection, accounting for 75.44%. There were 
no differences in gender, hypertension, BMI, main  

caregiver, or HGB between the two groups (P > .05). Age, 
hospital stay, course of disease, FBG, HbA1c and HOMA-
IR in the occurrence group were higher than those in the 
non-occurrence group, and the proportion of diabetes 
complications, antibiotic use and invasive treatment was 
significantly higher than that in the non-occurrence 
group, with statistical significance (P < .05). Logistics 
regression analysis showed that old age, long hospital stay, 
long course of disease, diabetes complications, antibiotic 
use, high level of FBG, high level of HbA1c, invasive 
treatment and high level of HOMA-IR were all risk factors 
for nosocomial infection in diabetic patients (OR > 1, P < 
.05). The ROC curve showed that the AUC of FBG and 
HbA1c in predicting the occurrence of hospital infection in 
diabetic patients was 0.764 and 0.875, respectively, and the 
predictive energy of HbA1c was higher than that of FBG.
Conclusion • HbA1c level is correlated with the occurrence of 
hospital infection events in diabetic patients, and the 
correlation intensity with the occurrence of hospital infection 
events in diabetic patients presents a nonlinear dose-response 
relationship. Detection of HbA1c levels in diabetic patients is 
conducive to predicting the probability of hospital infection 
events, and strict control of HbA1c levels in diabetic patients 
is conducive to improving patient prognosis. (Altern Ther 
Health Med. [E-pub ahead of print.])
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recorded through the hospital patient data database. 5 ml of 
venous blood was collected from patients in the fasting state 
before admission, the temperature was set at 4°C, and 
centrifugation was performed at 3000 r/min for 10 min with 
a centrifugation radius of 10 cm. Serum was collected for 
testing. Serum fasting blood glucose (FBG), hemoglobin 
(HGB) levels, insulin resistance index (HOMA-IR) and 
glycosylated hemoglobin (HbA1c) levels were detected by 
automatic biochemical analyzer selected from Jinan Xinying 
Biotechnology Co., LTD.

Statistical analysis
Statistic Package for Social Science (SPSS) 26.0 statistical 

software (IBM, Armonk, NY, USA) was used to test the 
normality of measurement data. The normality of measurement 
data was measured as “x̅ ± s”, an independent sample t test was 
used between groups, and paired t test was used within groups. 
% and n were used to represent the count data, χ2 test was used, 
and the rank sum test was used for rank data. Logistic regression 
analysis was used to examine the relationship between each 
index and nosocomial infection events in diabetic patients. The 
receiver operating curve (ROC) was plotted, and the area under 
the curve (AUC) value was calculated to test and compare the 
predictive performance of HbA1c and FBG in the occurrence of 
nosocomial infection in diabetic patients. The restricted cubic 
spline method combined with spline function and Logistics 
regression was used to analyze the relationship between 
independent variables and dependent variables. The best 
truncation value of HbA1c level was taken as the reference value, 
and the dose-response relationship between HbA1c level and 
hospital infection events in elderly patients with diabetes was 
analyzed by the restricted cubic spline method. The decision 
curve was drawn to analyze the predictive value of HbA1c level 
for the occurrence of hospital infection events in elderly patients 
with diabetes. P < .05 was considered statistically significant. P < 
.05 was considered statistically significant.

RESULTS
Nosocomial infection in diabetic patients 

Among 566 diabetic patients admitted to our hospital, 
139 patients had nosocomial infection, accounting for 
24.56%(139/566), and 427 patients did not have nosocomial 
infection, accounting for 75.44%(427/566). See Table 1.

There were no differences in gender, hypertension, BMI, 
main caregiver, or HGB between the two groups (P > .05). 
Age, hospital stay, course of disease, FBG, HbA1c and 
HOMA-IR in the occurrence group were higher than those 
in the non-occurrence group, and the proportion of diabetes 
complications, antibiotic use and invasive treatment was 
significantly higher than that in the non-occurrence group, 
with statistical significance (P < .05). See Table 2.

patients and improve their prognosis, it is important to explore 
the indicators related to nosocomial infection in diabetic 
patients. At present, Fasting Blood Glucose (FBG) level is 
mainly measured as an index for clinical monitoring of 
diabetic patients, but there are many reasons for the fluctuation 
of FBG levels in the short term, and there may be some errors3 
in practice. HbA1c is the product of non-enzymatic glycosylated 
glycosylation between hemoglobin and sugars in red blood 
cells and has certain continuity, stability, and irreversibility. In 
addition, HbA1c is closely related to the life cycle of red blood 
cells. Therefore, HbA1c can generally reflect the average blood 
glucose level4 in 8-16 weeks. Based on this, this paper analyzes 
the relationship between various indicators and the occurrence 
of hospital infection events in diabetic patients through 
Logistics regression, analyzes the relationship between HbA1c 
level and the occurrence risk of hospital infection events in 
diabetic patients through decision curve and dose-response, 
and tests the predictive value of HbA1c level for the occurrence 
of hospital infection events in diabetic patients.

PATIENTS AND METHODS
General Information

A total of 566 diabetic patients admitted to our hospital from 
January 2021 to January 2023 were selected as the study objects, 
all of whom received relevant treatment in the hospital. Patients 
with nosocomial infection during treatment were included in the 
occurrence group, while those without nosocomial infection were 
included in the non-occurrence group.

Inclusion criteria
Inclusion criteria: (1) All patients met the diagnostic 

criteria in the 2018 ADA Standard Diabetes Guidelines;5 (2) 
Complete clinical data; (3) good compliance and cooperation 
with doctors. (4) no drug allergy.

Exclusion criteria: (1) patients with renal failure; (2) 
patients with systemic infectious diseases, immune diseases 
and blood system; (3) patients with other malignant tumors; 
(4) patients with coagulation disorders.

Methods
Diagnosis criteria and grouping method of nosocomial 

infection in diabetic patients. In the course of treatment for 
all patients with diabetes, whether there is infection during 
hospitalization or infection after symptoms, signs, laboratory 
tests, imaging examinations and etiological examinations can 
determine hospital discharge. After the above examination, 
the occurrence of infection in patients (respiratory tract 
infection, pleural cavity infection, cardiovascular system 
infection and blood system infection, etc.) was taken as the 
end event, and the occurrence of nosocomial infection in 
diabetic patients was recorded as the occurrence group, and 
the occurrence of nosocomial infection in diabetic patients 
was recorded as the non-occurrence group.

Collection of clinical data. Gender, age, BMI, length of 
stay, primary caregiver, course of the disease, diabetes 
complications, antibiotic use and invasive treatment were 

Table 1. Nosocomial infections in diabetic patients

Groups Number of cases (n) Proportion (%)
Occurrence group 139 24.56
Group not occurring 427 75.44
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Logistics regression analysis of the relationship between 
each index and nosocomial infection events in diabetic 
patients takes the occurrence of nosocomial infection events 
in diabetic patients as the dependent variable (1= occurrence, 
0= non-occurrence). Logistics regression analysis of various 
indicators of diabetic patients in Table 2 shows that old age, 
long hospital stay, long course of disease, diabetes 
complications, use of antibiotics, high FBG level, high HbA1c 
level, invasive treatment and high HOMA-IR level are all risk 
factors for the occurrence of hospital infection events in 
diabetic patients (OR > 1, P < .05). See Table 3.

The predictive value of FBG and HbA1c for the occurrence 
of hospital infection events in diabetic patients was taken as state 
variables (1= occurrence, 0= non-occurrence), FBG and HbA1c 
were taken as state variables, and the ROC curve was drawn to 
show the results. The AUC of FBG and HbA1c in predicting the 
occurrence of nosocomal infection in diabetic patients was 
0.764 and 0.875, respectively, and the optimal cut-off value was 
7.775 mmol/L and 7.975%, respectively. See Table 4, Figure 1.

Dose-response analysis of the intensity of association 
between HbA1c and Nosocomial infection events in 
diabetic patients

With the optimal cut-off value of HbA1c 7.975% as a 
reference value, the dose-response relationship between 
HbA1c and nosocomial infection events in diabetic patients 
was analyzed by spline function and logistic regression 
restricted cubic spline method. As shown in Figure 2, the 
horizontal coordinate corresponds to the continuous change 
of HbAlc, and the vertical coordinate is its corresponding OR 
value. The continuous change of HbA1c presents a nonlinear 
dose-response relationship with the occurrence of nosocomial 
infection events in diabetic patients (P < .05).

The predictive value of HbA1c for nosocomial infection 
events in diabetic patients was analyzed based on 
decision curve.

The decision curve was drawn using the high risk 
threshold as the horizontal coordinate and the net rate of 

Table 3. Logistics regression analysis of the relationship 
between various indicators and nosocomial infection events 
in diabetic patients

Items B
Standard 

Error Wald P value OR

95% confidence 
interval

Lower 
bound

Upper 
limit

Gender 0.138 0.199 0.483 .487 0.871 0.589 1.287
hypertension 0.110 0.204 0.287 .592 1.116 0.748 1.665
Age 0.073 0.012 8.194 .000 1.130 1.090 1.591
BMI 0.049 0.042 1.396 .237 0.952 0.877 1.033
Length of stay 0.197 0.024 9.600 .000 1.128 1.047 2.860
Primary Caregiver 0.005 0.196 0.001 .979 0.995 0.667 1.462
Course of disease 0.476 0.068 9.435 .000 1.261 1.014 1.709
Complications of Diabetes 0.545 0.197 7.612 .006 1.724 1.171 2.538
Antibiotic use 0.651 0.198 10.795 .001 1.918 1.301 2.829
FBG 0.491 0.054 8.715 .000 1.312 1.255 2.680
HbA1c 0.788 0.072 19.344 .000 1.955 1.395 3.524
Invasive Treatment 0.554 0.201 4.582 .004 1.336 1.125 2.318
HGB 0.007 0.008 0.797 .372 0.993 0.978 1.009
HOMA-IR 0.128 0.131 7.159 .000 1.324 1.250 2.418

Table 4. Predictive value of FBG and HbA1c for nosocomial 
infection events in patients with diabetes

Items AUC
Cut-off indicates the 

value 95%CI P value Specificity Sensitivity
Jorden 
index

FBG 0.764 The tendency for 7.775 L 0.712-0.815 .000 0.748 0.635 0.383
HbA1c 0.875 7.975% 0.840-0.910 .000 0.763 0.845 0.608

Figure 1. Predictive value of FBG and HbA1c for hospital 
infection events in patients with diabetes

Table 2. Clinical data of diabetic patients in the occurrence 
group and the non-occurrence group

Project
Occurrence 

Group (n = 139)
Non-occurrence 
group (n = 427) Statistics P value

Gender male 82 (58.99) 266 (62.30) χ2 = 0.483 .487
female 57 (41.01) 161 (37.70)

hypertension is 50 (35.97) 143 (43.73) χ2 = 0.287 .592
no 89 (64.03) 284 (56.27)

Age (x̅ ± s, years) 54.02 ± 10.25 48.23 ± 8.41 t = 6.665 .000
BMI (x̅ ± s, kg/m2) 23.65 ± 2.47 23.38 ± 2.29 t = 1.834 .237
Length of stay (x̅ ± s, days) 55.46 ± 5.86 50.61 ± 4.57 t = 10.101 .000
Primary 
caregiver

Relatives 62 (44.60) 201 (47.07) χ2 = 0.257 .612
Other 77 (55.40) 226 (52.93)

Duration of disease (x̅ ± s, years) 7.26 ± 1.85 6.02 ± 1.54 t = 7.832 .000
Diabetes 
complications

There are 80 (57.55) 198 (46.37) χ2 = 5.248 .022
There is no 59 (42.45) 229 (53.63)

Antibiotic use There are 82 (58.99) 193 (45.20) χ2 = 7.987 .005
There is no 57 (41.01) 234 (54.80)

FBG (x̅ ± s, mmol/L) 9.64 ± 2.77 7.22 ± 1.89 t = 11.585 .000
HbA1c (x̅ ± s, %) 9.93 ± 2.62 6.18 ± 1.93 t = 18.116 .000
Invasive 
treatment

There are 85 (61.15) 201 (47.07) χ2 = 8.315 .004
There is no 54 (38.85) 226 (52.93)

HGB (x̅ ± s, g/L) 132.43 ± 12.51 131.36 ± 12.20 t = 0.893 .373
HOMA-IR (x̅ ± s, pmol/L) 4.13 ± 1.12 3.22 ± 0.78 t = 10.644 .000

Figure 2. Dose-response analysis of the intensity of 
association between HbA1C and NOsocomial infection events 
in diabetic patients
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diabetes patients. Studies have pointed out that the HbA1c 
level in diabetic patients with good prognosis is significantly 
lower than that in diabetic patients with poor prognosis, and 
a moderate reduction of HbA1c level in diabetic patients can 
reduce the incidence11 of hospital infection. In this study, the 
level of HbA1c in the group with nosocomial infection was 
(9.93±2.62)%, which was significantly higher than that in the 
group without nosocomial infection (6.18±1.93)%, which is 
consistent with the above results, indicating that HbA1c level 
is related to the occurrence of nosocomial infection in 
diabetic patients. To confirm the results of this study, 
Logistics regression analysis of clinical data of diabetic 
patients was conducted in this paper. The results showed that 
old age, long hospital stay, long course of disease, diabetes 
complications, use of antibiotics, high FBG level, high HbA1c 
level, invasive treatment and high HOMA-IR level were all 
risk factors for nosocomial infection in diabetic patients (OR 
> 1, P < .05), and HbA1c level had the largest risk factor value. 
The reasons are as follows: the high blood sugar level in 
diabetic patients leads to the decline of the body’s immunity, 
thus increasing the nosocomial infection12 of diabetic 
patients. Among the co-infections in diabetic patients, 
respiratory tract infections and urinary system infections are 
the most common. The lung defense ability of diabetic 
patients is low, which leads to the decrease of the swallowing 
ability of lung phagocytes to foreign bacteria and viruses, 
thus leading to the abnormal production of lung surface-
active substances and affecting the microcirculation13 
between lung tissues. In addition, a large number of bacteria 
and viruses gather in the bronchus and lungs to multiply and 
spread, causing respiratory tract infections.14 Diabetes 
patients with high urine sugar is conducive to the growth of 
urinary tract bacteria and then pyelonephritis;15 In addition, 
urinary tract infection can also lead to elevated urinary sugar, 
forming a vicious circle between the two, and then aggravate 
the condition16 of diabetes patients. HbA1c, as the product of 
a non-enzymatic glycation reaction between hemoglobin and 
sugars in red blood cells, has certain continuity, stability and 
irreversibility. Its level can reflect the glucose level in patients 
and the average blood glucose level17 of 8-16 weeks. When 
the blood sugar in the human body continues to rise, it will 
not only damage the important organs of the body, resulting 
in the decline of disease resistance, but also inhibit the 
function of granulocytes, resulting in the decline of leukocyte 
phagocytosis and the reduction18 of antibody production. In 
addition, the level of HbA1c is positively correlated with the 
level of blood sugar, and the higher the level of HbA1c, the 
more serious19 the damage to vital organs.

In addition, in this study, the ROC curve showed that 
the AUC of FBG and HbA1c in predicting the occurrence of 
hospital infection in diabetic patients was 0.764 and 0.875, 
respectively, which further confirmed that the detection of 
HbA1c level had certain predictive value in the occurrence of 
hospital infection in urinary patients. There were many 
reasons for the fluctuation of FBG level in the short term. 
There may be some errors in the actual operation, making the 

return as the vertical coordinate. When the high-risk 
threshold was 0.0-0.45, the net rate of return was > 0, which 
had clinical significance, and the high-risk threshold was 
negatively correlated with the net rate of return, indicating 
that HbA1c had important predictive value for the occurrence 
of hospital infection events in diabetic patients (Figure 3).

DISCUSSION
Diabetes is caused by insufficient insulin secretion or 

insulin utilization disorders, resulting in metabolic disorders 
and a significant decline in disease resistance in the body, and 
then infection, in which high blood sugar is the main sign6 of 
diabetes. Although pre-diabetes has symptoms such as 
polydipsia, polyuria, polyphagia and weight loss, it is easy to 
ignore because these symptoms are not specific. When 
diabetes is detected, the body has suffered great damage 
which affects the treatment and prognosis.7 In addition, 
studies have shown that patients with diabetes are faced with 
nerve, blood vessel, kidney and other important tissue and 
organ lesions during treatment, and hospital infections 
occur, leading to cardiovascular disease, renal failure and 
even death, so the prognosis of patients with diabetes is now 
an important medical issue.8 Relevant studies have pointed 
out that patients with diabetes are prone to nosocomial 
infection when receiving treatment, affected by multiple 
factors such as autoimmune regulation ability, treatment 
mode and treatment time.9 In this study, among 566 patients 
with diabetes admitted to our hospital, 139 patients suffered 
from nosocomial infection, with an incidence rate of 24.56%, 
suggesting that patients with diabetes have a higher risk of 
nosocomial infection during treatment. Therefore, it is of 
great importance to study various clinical indicators of 
diabetes and identify the influencing factors of nosocomial 
infection for reducing the incidence of nosocomial infection 
in diabetic patients and improving the prognosis of patients.

As the product of a non-enzymatic glycosylation reaction 
between hemoglobin and sugars in red blood cells, HbA1c has 
certain continuity, stability and irreversibility. Currently, 
HbA1c level is often used to evaluate the prognosis10 of 

Figure 3. Decision curve analysis of the predictive value of 
HbA1c for nosocomial infection events in diabetic patients
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9. Talukder MR, Woodman R, Pham H, et al. High Human T-Cell Leukemia Virus Type 1c Proviral Loads 
Are Associated With Diabetes and Chronic Kidney Disease: Results of a Cross-Sectional Community 
Survey in Central Australia. Clin Infect Dis. 2023;76(3):e820-e826. doi:10.1093/cid/ciac614

10. Bhandari S, Rankawat G, Singh A, Gupta V, Kakkar S. Impact of glycemic control in diabetes 
mellitus on management of COVID-19 infection.  Int J Diabetes Dev Ctries. 2020;40(3):340-
345. doi:10.1007/s13410-020-00868-7

11. Basit A, Fawwad A, Abdul Basit K, Waris N, Tahir B, Siddiqui IA; NDSP members. Glycated 
hemoglobin (HbA1c) as diagnostic criteria for diabetes: the optimal cut-off points values for the 
Pakistani population; a study from second National Diabetes Survey of Pakistan (NDSP) 2016-
2017. BMJ Open Diabetes Res Care. 2020;8(1):263-266. doi:10.1136/bmjdrc-2019-001058

12. Jakubowicz D, Landau Z, Tsameret S, et al. Reduction in Glycated Hemoglobin and Daily Insulin 
Dose Alongside Circadian Clock Upregulation in Patients With Type 2 Diabetes Consuming a 
Three-Meal Diet: A Randomized Clinical Trial.  Diabetes Care. 2019;42(12):2171-
2180. doi:10.2337/dc19-1142

13. Racine F, Shohoudi A, Boudreau V, et al. Glycated Hemoglobin as a First-line Screening Test for 
Cystic Fibrosis‒Related Diabetes and Impaired Glucose Tolerance in Children With Cystic 
Fibrosis: A Validation Study. Can J Diabetes. 2021;45(8):768-774. doi:10.1016/j.jcjd.2021.03.005

14. Xu Y, Cao W, Shen Y, et al. The relationship between sex hormones and glycated hemoglobin in 
a non-diabetic middle-aged and elderly population.  BMC Endocr Disord. 
2022;22(1):91. doi:10.1186/s12902-022-01002-w

15. Lu Z, Li Y, He Y, et al. Internet-Based Medication Management Services Improve Glycated 
Hemoglobin Levels in Patients with Type 2 Diabetes.  Telemed J E Health. 2021;27(6):686-
693. doi:10.1089/tmj.2020.0123

16. Wang M, Zhang X, Ni T, et al. Comparison of New Oral Hypoglycemic Agents on Risk of 
Urinary Tract and Genital Infections in Type 2 Diabetes: A Network Meta-analysis. Adv Ther. 
2021;38(6):2840-2853. doi:10.1007/s12325-021-01759-x

17. Yoo S, Jung J, Kim H, et al. Predictive Performance of Glycated Hemoglobin for Incident 
Diabetes Compared with Glucose Tolerance Test According to Central Obesity.  Endocrinol 
Metab (Seoul). 2020;35(4):873-881. doi:10.3803/EnM.2020.798

18. Kassab A, Ayed Y, Elsayed SA, et al. Glycated hemoglobin influence on periodontal status, 
pathogens and salivary interleukins in type II diabetic Tunisian subjects with chronic 
periodontitis. J Dent Sci. 2021;16(2):614-620. doi:10.1016/j.jds.2020.09.018

19. Okamoto T, Shima H, Noma Y, et al. Hereditary spherocytosis diagnosed with extremely low 
glycated hemoglobin compared to plasma glucose levels.  Diabetol Int. 2020;12(2):229-
233. doi:10.1007/s13340-020-00456-4

20. Jia W, Zhang P, Zhu D, et al; ROADMAP Study Group. Evaluation of an mHealth-enabled 
hierarchical diabetes management intervention in primary care in China (ROADMAP): A 
cluster randomized trial. PLoS Med. 2021;18(9):e1003754. doi:10.1371/journal.pmed.1003754

prediction efficiency of FBG lower than that of HbA1c.
20 This 

study also combined the HbA1c data with the incidence of 
hospital infection events in diabetic patients through the 
restricted cubic spline model and continuously presented a 
nonlinear dose-response relationship, indicating that 
different HbA1c levels were associated with the probability of 
adverse cardiovascular events in elderly AMI patients after 
PCI. In the analysis of the decision curve, within the 
threshold range of 0.0-0.45, HbA1c level has a certain value in 
predicting the occurrence of hospital infection in diabetic 
patients, and the smaller the value of HbA1c level in this 
range, the higher the net benefit rate, suggesting that HbA1c 
level has important clinical significance in predicting the 
occurrence of hospital infection in diabetic patients.

In summary, HbA1c level is associated with the occurrence 
of hospital infection in diabetic patients, and the correlation 
intensity with the occurrence of hospital infection in diabetic 
patients presents a nonlinear dose-response relationship. 
Detection of HbA1c levels in diabetic patients is conducive to 
predicting the probability of occurrence of hospital infection, 
and strict control of HbA1c levels in diabetic patients is 
conducive to improving patient prognosis. In the future, 
HbA1c may be used as one of the therapeutic targets to reduce 
the risk of nosocomial infection in diabetic patients.However, 
this study still has limitations. For example, the number of 
cases that can be included is small, and all the cases are from 
the same area and hospital, which leads to the limited 
inclusion of some factors and the limited prediction model, 
and the research results may be biased. In the future, it is 
necessary to further expand the scope of the study and 
extend the research cycle to verify the results of this study.
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