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Purpose: To identify the key populations for Hospital Hyperglycemia (HH) management and to assess recent trends in the manage-
ment of HH.
Patients and Methods: This retrospective study analyzed 1,136,092 point-of-care blood glucose (POC-BG) measurements from 
40,758 patients with HH in non-intensive care unit (non-ICU) wards at Ningbo No.2 hospital from January 2020 to December 2022. 
We compared glucose monitoring and management across varying years, age groups, and hospital departments.
Results: The overall incidence of HH was 16.87%. From 2020 to 2022, the number of patients with HH increased from 9,893 to 
15,639, accompanied by a marginal improvement in average BG levels (slope difference, −8.137E-09 [CI, −8.742E-09 to −7.531E- 
09]; p <0.001). In the ≥80 years group, the median BG was 9.4 mmol/L, significantly higher than in other age groups (p<0.001). 
Hypoglycemia in this group was most frequently detected during nighttime and bedtime, with an incidence of 2.67%, significantly 
higher than at other times of the day (p<0.001). The daily POC-BG testing rate was significantly higher in the medical ward group than 
it in the surgical ward group (57.9% vs 51.7%, p<0.05). Proportions of glycemic targets days were 35.66% and 39.90% in the medical 
wards on day 1 and day 7, respectively (Day 7 39.90% vs Day 1 35.66%, p>0.05), and 46.16% and 45.07% in the surgical wards (Day 
7 45.07% vs Day 1 46.16%, p>0.05), showing no significant improvements in glycemic control. Endocrinology consultations occurred 
at rates of 14.2% in the medical wards and 14.9% in the surgical wards (p>0.05).
Conclusion: Although the prevalence of HH is consistently high and the number of affected patients continues to rise, modest 
improvements in glycemic management have been observed. However, control among the elderly remains poor, with a notably high 
risk of hypoglycemia during nighttime and bedtime periods.
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Introduction
Hospital hyperglycemia (HH), defined as a blood glucose level exceeding 7.8 mmol/L (140 mg/dL) during 
hospitalization,1 affects approximately 17.73% to 38% of patients in tertiary hospitals.2–4 Extensive researches have 
confirmed that HH increases hospital patients’ postoperative infection rates, healthcare costs, hospital stay duration, ICU 
admissions, and mortality risk, regardless of pre-existing diabetes status.2,5–8

According to the IDF 2021 Diabetes Map, China has the largest number of diabetic patients. There are 140 million 
diabetes patients and 170 million adults with impaired glucose tolerance in China.9 However, the research on HH 
management is limited, especially in terms of large cohort studies. In order to identify the key populations for HH 
management and assess recent trends in its management, we conducted a retrospective analysis of glycemic control in 
40,758 adult patients with HH between 2020 and 2022.
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Materials and Methods
Participants
This retrospective cohort study analyzed clinical data from 49,682 patients admitted to non-ICU wards, including 14 
internal medicine wards, 18 surgical wards, and an endocrinology department, at Ningbo No.2 hospital between 
January 2020 and December 2022. Inclusion criteria: age ≥18 years; meeting the diagnostic criteria for HH; at least 
one POC-BG measurement during hospitalization. Exclusion criteria: age <18 years; hospital stay <1 day; subsequent 
hospitalization data for patients admitted more than once in the same year. A total of 40,758 patients with HH met the 
inclusion and exclusion criteria. This study was approved by the Ethics Committee of Ningbo No.2 hospital (No. YJ- 
NBEY-KY-2022-130-01). Individual informed consent was waived, as only anonymized data were used in this study, 
which was approved by the Ethics Committee of Ningbo No.2 hospital. Patients were classified as HH if any POC-BG 
readings >7.8 mmol/L (140 mg/dL) during their hospital stay.

Data Collection
POC-BG measurements were performed using the OneTouch Verio Vue glucometer (Johnson & Johnson Co., Limited), 
and data were downloaded via the glycemic management platform. Glucose meters are calibrated regularly in accordance 
with the standards set by regulatory authorities. In addition, nurses responsible for blood glucose measurement have 
received training and undergo evaluations biannually. A total of 1,136,092 POC-BG measurements were collected from 
patients during the study period. HbA1c was measured by high-performance liquid chromatography (the Sysmex 
Glycohemoglobin Analyzer HLC-72SG8, Sysmex Corporation), Patient demographics, length of hospital stay, HbA1c 
levels, and endocrinology consultation data were extracted from the KingT Hospital Information System (HIS).

Statistical Analysis
Data analysis was conducted on a “patient-day” basis, which represents each patient for each day of hospitalization. The 
average POC-BG value for each patient-day was calculated by summing all POC-BG measurements for that day and 
dividing by the total number of measurements. The overall average POC-BG values for different years, age groups, and 
departments were determined by summing the average POC-BG values for all patient-days within each group and 
dividing by the total number of measured-days. According to the American Diabetes Association (ADA) 
recommendations,1 a “target glycemic day” was defined as a patient-day in which all POC-BG values were within the 
range of 3.9–10.0 mmol/L. A “hyperglycemic day” was defined as a patient-day with the highest POC-BG value 
>10 mmol/L, while a “hypoglycemic day” was defined as a patient-day in which the lowest POC-BG value 
is<3.9 mmol/L. The proportions of target glycemic days, hyperglycemic days, and hypoglycemic days were calculated 
as the respective ratios of these days to the total number of patient-days analyzed.

Graphs were created using GraphPad Prism version 10. Data analysis was conducted using SPSS version 26.0 (SPSS 
Inc). Results are presented as counts (n) and percentages (%), means ± standard deviations (SD), or medians and 
interquartile ranges, as appropriate. Categorical data were analyzed using the chi-square test, while continuous data were 
analyzed using one-way ANOVA or the Mann–Whitney U-test, as applicable. A p-value <0.05 was considered 
statistically significant.

Results
Glycemic Management Across Different Admission Years
The overall incidence of hospital hyperglycemia (HH) was 16.87%. The mean age was 65.32±13.41 years, with 40.5% of 
patients aged ≥70 years and 13.0% aged ≥80 years. Patients were divided into three groups based on the year of 
admission: the incidence of HH was 13.96% in 2020 (n=9,893), 18.29% in 2021 (n=15,226), and 17.88% in 2022 
(n=15,639). The median frequency of POC-BG monitoring was 3 times per day across all three groups. The proportion of 
POC-BG monitoring days increased annually, reaching 55.0%, 56.4% and 58.0%, respectively (p<0.001). No significant 
differences were observed in the glycated hemoglobin (HbA1c) testing rates across the three groups, with rates of 54.2%, 
54.6%, and 55.4%, respectively.
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The median BG levels and interquartile ranges (IQR) for the three groups were 9.5 mmol/L (IQR 8.1–11.3 mmol/L), 
9.2 mmol/L (IQR 7.9–11.0 mmol/L), and 9.1 mmol/L (IQR 7.8–10.9 mmol/L), respectively (p<0.001). HbA1c values 
were 7.2% (±2.0%), 7.1% (±1.9%), and 7.3% (±2.0%) for each year (p<0.001). Endocrinology consultation rates were 
14.3%, 14.1%, and 15.4% for each respective year (p=0.006) (Table 1).

Figure 1A illustrates the annual distribution of the proportions of hyperglycemic days across distinct glucose 
thresholds for 2020, 2021, and 2022. In 2022, the proportions of days with glucose levels >10 mmol/L, >15 mmol/L, 
>20 mmol/L, and >25 mmol/L were 57.17%, 19.57%, 4.94%, and 1.11%, respectively, representing the lowest rates 
among the cohorts. (p < 0.001).

The proportions of hypoglycemic days (<3.9 mmol/L) and severe hypoglycemia (<3.0 mmol/L) were 1.70% and 
0.38% for 2020, 1.69% and 0.36% for 2021, and 1.64% and 0.31% for 2022, respectively, with no significant differences 
(p > 0.05) shown in Figure 1B.

In the 2020 group, the proportion of target glycemic days increased from 36.0% on the first measurement day to 
37.34% on the seventh day. Similarly, in the 2021 group, it rose from 40.85% to 41.38%, and in the 2022 group, it 
increased from 42.31% to 43.52%. The median BG levels decreased over the three-year period, but the proportion of 
glycemic target days during hospitalization did not significantly increase with the number of measurement days across 
three groups (p>0.05) (Figure 1C).

The average BG of patients with HH showed slight improvement during the study period, as illustrated in Figure 1D 
(slope difference, −8.137E-09 [CI, −8.742E-09 to −7.531E-09]; p<0.001).

Table 1 Characteristics of Patients with HH and Glucose Management Across Various 
Years

2020 2021 2022 P value

N 9893 15226 15639
HH rate (%) 13.96 18.29 17.88

POCT measurements 73,455 108,854 107,270

N (≥70years) (%) 4406(44.5) 6184(40.6) 5903(37.7) <0.001
Male sex (%) 5844(59.1) 8859(58.2) 9123(58.3) 0.347

Age(years) 66.9±13.5 65.2±13.4* 64.4±13.3*† <0.001
Admission ward (%) <0.001

Medical 3314(33.5) 5682(37.3) 6147(39.3)

Surgical 5363(54.2) 7732(50.8) 7573(48.4)

Endocrinology 1216(12.3) 1813(11.9) 1919(12.3)
Mean length of stay(days) 9(6,15) 9(6,14) * 8(5,14) *† <0.001
Capillary glucose

Measurements/day 3(2,4) 3(2,4) * 3(2,4) *† <0.001
Measured-day rate (%) 55.0 56.4* 58.0*† <0.001
BG value (mmol/L) 9.5 (8.1,11.3) 9.2 (7.9,11.0) * 9.1 (7.8,10.9) *† <0.001

HbA1c
Measurement rate (%) 5478(55.4) 8308(54.6) 8480(54.2) 0.195

Value (%) 7.2±2.0 7.1±1.9* 7.3±2.0† <0.001
Endocrinology consultation 0.006

Consultation rate (%) 14.3 14.1 * 15.4*†

Number 1238 1885* 2107 *†

Notes: Data are presented as the means±SD, percentages or medians (25th to 75th percentiles). Bolded 
p-values indicate statistically significant differences. *p < 0.05 for vs 2020, indicating statistical significance after 
adjusting for multiple comparisons. †p < 0.05 for vs 2021, indicating statistical significance after adjusting for 
multiple comparisons. 
Abbreviations: N(HH), number of inpatients with HH; N(≥70years), number of inpatients with HH over the 
age of 70; HH rate, percentage of inpatients with HH among total hospitalizations;HbA1c, hemoglobin A1c; BG 
value, blood glucose value.
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Figure 1 (A) Rate of hyperglycemia in different years of each cutoff point (>10, >15, >20, >25 mmol/L). (B)Rate of hypoglycemia in different years of each cutoff point (<3.9, 
<3.0mmol/L). (C) Trend of at-goal rates in different years with increasing number of days. There is no statistically significant difference in the at-goal rate on the 7th day 
compared to the 1st day.(D) Trends in mean blood glucose values over time. *** p < 0.001.
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Glycemic Management of Patients Across Different Ages
Patients were categorized by age into five groups: 18–49 years (n=4628), 50–59 years (n=8049), 60–69 years (n=11588), 
70–79 years (n=11804), and ≥80 years (n=5289). The average length of hospital stay for the 70–79 years and ≥80 years 
groups was 10 days significantly longer than that of the other age groups (p<0.001).

The median daily frequency of POC-BG monitoring for each age group was 3 (IQR 2–4 times). The proportions 
of days with POC-BG monitoring were 51.2%, 54.4%, 56.7%, 58.4%, and 59.5% for the 18–49, 50–59, 60–69, 
70–79, and ≥80 years groups, respectively (p<0.001). The HbA1c testing rates for the 18–49, 50–59 and 60–69 
years groups were 50.6%, 53.7%, and 53.7%, respectively, rising to 55.5% in the 70–79 years group and 59.8% in 
the ≥80 years group (p<0.001).

Median BG levels increased with age. For the 70–79 and ≥80 years groups, BG levels were 9.3 mmol/L (IQR 
8.0–11.0 mmol/L) and 9.4 mmol/L (IQR 8.0–11.3 mmol/L) respectively, significantly higher than those in the 18–49, 
50–59, 60–69 years groups, where BG levels were 9.0 mmol/L (IQR 7.7–10.9 mmol/L), 9.2 mmol/L (IQR 
7.9–11.0 mmol/L), and 9.2 mmol/L (IQR 8.0–11.0 mmol/L), respectively (p<0.001). Endocrinology consultation rates 
were 14.6%, 14.9%, 14.4%, 14.8%, and 14.3% for the respective age groups, with no statistically significant differences 
(p>0.05) (Table 2).

The proportion of hyperglycemic days with glucose levels >10 mmol/L was 60.51% in the ≥80 years group and 
60.63% in the 70–79 years group, both significantly higher than those in the other three groups (56.16%, 58.69%,and 
59.52% respectively) (p<0.001). In the ≥80 years group, the proportion of days with BG levels >15 mmol/L was 21.36%, 
significantly higher than the 20.61% in the 70–79 years group (p<0.001). (Figure 2A).

The proportion of hypoglycemic days (<3.9 mmol/L) was 1.86% in the ≥80 years group, significantly higher than 
1.63% in the 50–59 years group, 1.60% in the 60–69 years group, and 1.65% in the 70–79 years group (p<0.01). The 
proportion of severe hypoglycemia (<3.0 mmol/L) was 0.46% in the ≥80 years group, higher than 0.34% in the 50–59 
years group, 0.32% in the 60–69 years group, and 0.33% in the 70–79 years group (p<0.01). Additionally, in the ≥80 
years group, hypoglycemia was most frequently detected at nighttime and bedtime POC-BG measurements, with a rate of 
2.67%, significantly higher than at other times of the day (p<0.01). (Figure 2B and C).

Table 2 Characteristics of Patients with HH and Glucose Management Across Various Age Groups

18–49 50–59 60–69 70–79 ≥80 P value

N 4628 8049 11588 11204 5289
POCT measurements 26408 51736 81515 86559 43361

Male sex (%) 3048(65.9) 4939(61.4) 6877(59.3) 6109(54.5) 2852(53.9) <0.001
Admission ward (%) <0.001

Medical 1436(31) 2841(35.3) 4185(36.1) 4209(37.6) 2472(46.7)

Surgical 1985(42.9) 3875(48.1) 6153(53.1) 6142(54.8) 2512(47.5)

Endocrinology 1207(26.1) 1333(16.6) 1250(10.8) 853(7.6) 305(5.8)
Length of stay (days) 8(5,12) 8(5,13) 9(6,14) 10(6,15) 10(6,15) <0.001
Capillary glucose

Measurements/day 3(2,4) 3(2,4) 3(2,4) 3(2,4) 3(2,4) <0.001
Measured-day rate (%) 51.2 54.4 56.7 58.4 59.5 <0.001

BG value (mmol/L) 9.0(7.7,10.9) 9.2 (7.9,11.0) 9.2(8.0,11.0) 9.3(8.0,11.0) 9.4(8.0,11.3) <0.001
HbA1c

Measurement rate (%) 2344(50.6) 4321(53.7) 6223(53.7) 6216(55.5) 3162(59.8) <0.001
Value (%) 7.8±2.7 7.3±2.1 7.1±1.8 7.0±1.7 7.0±1.7 <0.001

Endocrinology consultation 0.855
Consultation rate (%) 14.6 14.9 14.4 14.8 14.3

Number 501 999 1491 1528 711

Notes: Data are presented as the means±SD, percentages or medians (25th to 75th percentiles). Bolded p-values indicate statistically 
significant differences. 
Abbreviations: N(HH), number of inpatients with HH;HbA1c, hemoglobin A1c; BG value, blood glucose value.
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Figure 2 (A)Rate of hyperglycemia in different age groups of each cutoff point (>10, >15, >20, >25mmol/L). (B)Rate of hypoglycemia in different age groups of each cutoff 
point (<3.9, <3.0mmol/L). (C) Hypoglycemia rates in different age groups during various POC-BG test times. (D) Trend of mean BG values in different age groups with 
increasing number of days. (E) Trend of at-goal rates in different age groups with increasing number of days.** p < 0.01,*** p < 0.001.
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In the ≥80 years group, the BG level on day 1 of measurement was 10.98 mmol/L, which decreased to 9.54 mmol/L 
by the day 7, showing the smallest reduction among all groups (p<0.001). The proportion of glycemic target days slightly 
declined with the increasing number of measurement days in both the 70–79 years group and the ≥80 years group. In the 
70–79 years group, the proportion decreased from 39.72% on day 1 to 39.27% on day 7 (p<0.05), while in the ≥80 years 
group, it decreased from 40.19% to 39.28% (p<0.01) (Figure 2D and E).

Glycemic Management Across Different Departments
Patients were divided into three groups based on their admission departments: non-endocrine internal medicine group 
(n=15,143), surgical group (n=20,667), and endocrinology group (n=4,948). The average ages for the three groups were 
66.8 years (±13.4), 65.9 years (±12.6), and 66.8 years (±13.4); the proportion of patients aged over 70 were 44.1%, 
41.9%, and 23.4% respectively. (p<0.001).

The median daily BG monitoring frequency was 3 times in both medical and surgical groups (p<0.05), whereas it was 
6 times in the endocrinology group. The proportion of POC-BG monitored days was 57.9% in the medical group, 
significantly higher than 51.7% in the surgical group (p<0.05), and substantially lower than 90.9% in the endocrinology 
group. Additionally, the HbA1c testing rate was 66.7% in the medical group, significantly higher than 42.5% in the 
surgical group (p<0.05), and comparable to 68.2% in the endocrinology group.

The median average BG in the medical group was 9.4 mmol/L (IQR 8.0–11.4 mmol/L), significantly higher than 
9.0 mmol/L (IQR 7.7–10.7 mmol/L) in the surgical group (p<0.05). The average HbA1c levels were 6.9±1.7% in both 
groups, with no statistically significant difference (p>0.05). The endocrinology consultation rates were similar between 
the two groups, at 14.2% and 14.9%, respectively (p>0.05) (Table 3).

In the medical group, the proportions of daily monitoring frequencies <4, =4, and >4 were 60.05%, 34.76%, and 
5.19%, respectively. In the surgical group, these proportions were 68.96%, 24.23%, and 6.81%. In the endocrinology 
group, they were 27.77%, 11.3%, and 60.93%. Overall, the daily monitoring frequency in the medical group was higher 
than that in the surgical group (Figure 3A).

Table 3 Characteristics of Patients and Glucose Management Across Various Admission 
Departments

Medical Surgical Endocrinology P value

N (HH) 15143 20667 4948
POCT measurements 108059 149643 31878

Male sex (%) 9043(59.7) 11829(57.2) * 2953(59.7) † <0.001
Age(years) 66.8±13.4 65.9±12.6* 58.4±14.6*† <0.001
N (≥70years) (%) 6681(44.1) 8654(41.9) * 1158(23.4) *† <0.001
Mean length of stay(days) 8(5,11) 9(6,15) * 6(5,7) *† <0.001
Capillary glucose

Measurements/day 3(2,4) 3(2,4) * 5(3,6) *† <0.001
Measured-day rate (%) 57.9 51.7* 90.9*† <0.001

BG value (mmol/L) 9.4(8.0,11.4) 9.0 (7.7,10.7) * 9.9 (8.6,11.2) *† <0.001
HbA1c

Rate of measurement (%) 10098(66.7) 11875(42.5) * 3375(68.2) *† <0.001
Value (%) 6.9±1.7 6.9±1.7 8.6±2.5*† <0.001

Endocrinology consultation (%) 0.054

Consultation rate (%) 14.2 14.9 NA

Number 2148 3082 NA

Notes: Data are presented as the means±SD, percentages or medians (25th to 75th percentiles). Bolded p-values 
indicate statistically significant differences. *p < 0.05 for vs medical wards, indicating statistical significance after 
adjusting for multiple comparisons. †p < 0.05 for vs surgical wards, indicating statistical significance after adjusting 
for multiple comparisons. 
Abbreviations: N(HH), number of inpatients with HH; N(≥70years), number of inpatients with HH over the age 
of 70;HbA1c, hemoglobin A1c; BG value, blood glucose value.
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In the medical group, postprandial monitoring was the most common, accounting for 56.97%, while nighttime and 
bedtime monitoring were the least frequent, comprising only 0.41%. In the surgical group, random glucose monitoring 
was predominant, representing 42.27% of measurements, while nighttime and bedtime monitoring being the least 
frequent at 0.77%. The endocrinology group demonstrated a more balanced distribution of glucose monitoring times, 
with postprandial monitoring being most common at 35.48%; nighttime and bedtime monitoring accounted for 24.29%, 
significantly higher than other groups (p<0.001) (Figure 3B).

In the medical group, the proportions of days with BG levels >10, >15, >20, and >25 mmol/L were 62.85%, 24.00%, 
6.75%, and 1.72%, respectively, significantly higher than those in the surgical group, which were 53.97%, 16.69%, 

Figure 3 (A) Proportion of patient-days with POC-BG testing <4, =4 and >4 times in different ward groups. (B) Proportion of POC-BG testing at different times 
(preprandial, postprandial, random,nighttime and bedtime) in different ward groups. *** p < 0.001.
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3.86%, and 0.80% (p<0.001). The endocrinology group recorded the highest hyperglycemia rates across all thresholds, 
with proportions of 74.50%, 31.13%, 9.05%, and 2.21%, respectively (p<0.001) (Figure 4A).

The proportions of hypoglycemia days (<3.9 mmol/L) and severe hypoglycemia days (<3.0 mmol/L) were 1.73% and 
0.41% in the medical group, significantly higher than 1.52% and 0.32% in the surgical group (p<0.001). Incidence of 
hypoglycemia was highest in the endocrinology group, at 2.25% for hypoglycemia and 0.30% for severe hypoglycemia. 
Hypoglycemia during random glucose monitoring was most frequent in the medical group at 2.69%, significantly higher 
than the surgical group’s 1.69% (p < 0.001). Nighttime and bedtime hypoglycemia was most common in the surgical 
group, with an incidence of 3.22%. Additionally, the endocrinology group had the highest incidence of hypoglycemia 
during random monitoring times, with a rate of 3.07% (Figure 4B and C).

The mean POC-BG values in the medical group decreased from 11.18 mmol/L on day 1 to 9.75 mmol/L on day 7, 
showing a reduction of 12.8% (p<0.001). In the surgical group, the mean POC-BG values decreased from 10.53 mmol/L 
on day 1 to 9.16 mmol/L on day 7, showing a reduction of 13.0% (p<0.001). No significant difference in the reduction 
was observed between the two groups. The endocrinology group showed a greater reduction of 25.0%, with POC-BG 
values decreasing from 12.30 mmol/L on day 1 to 9.22 mmol/L on day 7 (p < 0.001). Regarding the proportion of 
glycemic target days, the medical group had 46.16% on day 1 and 45.07% on day 7, with no statistically significant 
difference observed between day 1 and day 7 (p > 0.05). The surgical group had 35.66% on day 1 and 39.90% on day 7, 
also showing no significant change between day 1 and day 7 (p > 0.05). In contrast, the endocrinology group experienced 
a significant increase in the proportion of glycemic target days, rising from 20.88% on day 1 to 36.29% on day 7 (p < 
0.001).(Figure 4D and E).

Discussion
This study analyzed the POC-BG data of 40,758 hH patients in non-ICU wards of a tertiary hospital in China from 2020 
to 2022. The findings reveal a high incidence of HH, with a rapidly increasing number of HH patients. Although overall 
glycemic management has shown slight improvements, it remains suboptimal in both medical and surgical departments, 
and the involvement of endocrinologists in managing HH has been insufficient. Notably, patients over 80 years old 
exhibited the highest incidence of both the proportion of hyperglycemia and hypoglycemia days, yet did not receive 
adequate attention.

During the study period, the overall incidence of HH was 16.87%, with the number of patients increasing from 9,893 
to 15,639. This upward trend may be associated with the increasing number of hospitalized patients and the rising 
prevalence of diabetes. The study indicates that the average BG level for patients with HH over three years was 
9.74 mmol/L, with the proportion of target day comprising 28.5% of the overall period. The findings are consistent 
with the previous studies. Domestic studies have shown an average BG level of 9.72 mmol/L and a target day proportion 
of 26.38% for HH patients,10 while international studies have reported average BG levels of 8.94–9.50 mmol/L11 and the 
proportion of glycemic target days was 28.6%12 for non-ICU hospitalized patients. Thus, there is a clear need to prioritize 
improving HH management in clinical practice.

In China, the prevalence of diabetes mellitus is 23.9% among those aged 60–69 and 27.3% in those aged ≥70 years.13 

In this study, the average age of HH patients was 65.32 years, with 28.4% aged 60–69 years, 27.4% aged 70–79 years, 
and 13.0% aged ≥80 years. The median BG level for patients aged ≥80 was 9.4 mmol/L, underscoring the challenge of 
managing glucose levels in older populations. Our findings indicate that hyperglycemia (>10mmol/L) was occurred on 
60.51% of days, while hypoglycemia (<3.9mmol/L) observed on 1.86% of days. In addition to the high incidence of 
hyperglycemia in elderly HH patients, those aged ≥80 had the highest incidence of nighttime and bedtime hypoglycemia. 
However, these monitoring times accounted for only 2.2% of the total BG monitor. Other studies have shown that among 
inpatients with a mean age of 73.1±12.5 years, 7.2% experienced hypoglycemia, with 41.2% of these episodes occurring 
at night.14 These all underscore the need for enhanced management of nocturnal hypoglycemia in hospitalized patients, 
especially in elderly patients. Currently, there is limited literature on the glycemic management and glucose monitoring in 
elderly patients with HH. Elderly patients with diabetes, particularly those with a long duration of the disease, are at 
a higher risk of hypoglycemia due to the use of sulfonylureas and insulin. Additionally, elderly individuals are more 
susceptible to severe cardiovascular events triggered by hypoglycemia;15,16 and the decline in sympathetic nervous 
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Figure 4 (A)Rate of hyperglycemia in different ward groups of each cutoff point (>10, >15, >20, >25mmol/L). (B)Rate of hypoglycemia in different ward groups of each 
cutoff point (<3.9, <3.0mmol/L). (C) Hypoglycemia rates in different ward groups during various POC-BG test times. (D) Trend of mean BG values in different ward groups 
with increasing number of days. (E) Trend of at-goal rates in different ward groups with increasing number of days.** p < 0.01,*** p < 0.001.
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system function in this population can easily lead to hypoglycemic coma.17–22 Therefore, it is crucial to focus on glucose 
monitoring for elderly patients with HH, particularly during nighttime and bedtime periods. Our study showed patients 
aged over 80 years exhibited the highest incidence of both hyperglycemia and hypoglycemia days. However, the 
endocrinology consultation rate for these elderly HH patients was only 14.3%, highlighting a significant gap in their 
glycemic management.

Studies suggest that over 80% of hospitalized hyperglycemia patients are admitted to non-endocrinology departments 
due to primary diseases or diabetes-related complications.23 In our study, 87.9% of hospitalized hyperglycemia patients 
were treated in non-endocrinology departments. The proportions of patient-days with <4 blood glucose monitoring 
frequencies were 60.05% and 68.96% in the medical and surgical groups, respectively. A cross-sectional study of 5790 
patients with HH found that the frequencies of <4 times BG monitoring in the medicinal and surgical departments of the 
hospital were 54.01% and 63.83%, respectively.10 Furthermore, our study showed no improvement of glucose levels in 
both internal and surgical wards for patients with HH during their hospitalization. These findings indicate significant 
challenges in the glycemic management of patients with HH in both medical and surgical wards. The rate of 
endocrinology consultations was less than 15%, and due to the limited number of endocrinologists, achieving improve-
ments in HH management through increased consultations is less likely.

Current literatures increasingly support the integration of blood glucose monitoring systems (BGMS) and artificial 
intelligence (AI)-driven algorithms as transformative tools in the management of HH. Studies have demonstrated that 
BGMS not only facilitates increased involvement of endocrinologists in hospital-wide glycemic management but also 
effectively reduces average BG levels and the incidence of adverse glucose events.24,25 Further, AI-developed algorithm 
systems offer various forms of glycemic management, including risk stratification for hypoglycemia using validated risk 
calculators26 and reducing insulin dose errors through computerized insulin dosing systems,27 improving target BG rates 
without increasing hypoglycemia incidence19,28. Future research should focus on longitudinal studies to assess the long- 
term impacts of these technologies on patient outcomes and healthcare systems.

This study utilized large sample data to comprehensively analyze the glycemic management status of HH patients 
over three consecutive years. However, the study excluded critically ill and emergency patients, did not differentiate HH 
patients with diabetic and stress-induced hyperglycemia, and lacked a detailed discussion of treatment plans.

Conclusion
Although the prevalence of hyperglycemia in hospital is consistently high and the number of affected patients continues 
to rise, slight improvements in blood glucose management have been observed. In the elderly, however, glycemic control 
remains poor, with a particularly high risk of hypoglycemia during the night and in bed.

Future initiatives should prioritize the development of BGMS, and the integration of AI-based systems could 
substantially enhance the management of HH.
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