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in patients with acute kidney injury: a retrospective cohort study

Xu Li'*A, Rui Pu*, Qin Zhang’, Qiang Guo*, Jiaming Liu', Haifeng Li’

'Department of Nephrology, Shihezi City People’s Hospital, Shihezi, China; *Clinical Laboratory, Shihezi City People’s Hospital, Shihezi, China;
*Nursing Department, Shihezi City People’s Hospital, Shihezi, China; ‘Department of Emergency Surgery, The First Affiliated Hospital, School of
Medicine, Shihezi University, Shihezi, China; 'Department of Pediatrics, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China
Contributions: (I) Conception and design: X Li, R Pu, J Liu, H Li; (Il) Administrative support: J Liu; (IIT) Provision of study materials or patients:
H Li; IV) Collection and assembly of data: H Li; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

"These authors contributed equally to this work and should be considered as co-first authors.

Correspondence to: Qiang Guo. Department of Emergency Surgery, The First Affiliated Hospital, School of Medicine, Shihezi University,
Shihezi, China. Email: 81460181@qq.com; Jiaming Liu. Department of Nephrology, Shihezi City People’s Hospital, Shihezi, China.
Email: 3109281866@qq.com; Haifeng Li. Department of Pediatrics, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China.
Email: 1ihf39@mail.sysu.edu.cn.

Background: The mortality rate is high in patients with acute kidney injury (AKI). Hyperglycemia and
hypoglycemia alone can increase the morbidity and mortality of patients with AKI. Up to now, no relevant
studies have analyzed the relationship between different blood glucose levels and mortality in AKTI patients.
Therefore, exploring the relationship between baseline blood glucose level and 30-day mortality in patients
with AKI can provide early warning information for disease prognosis and provide reference basis for
reasonable level of blood glucose control.

Methods: This retrospective cohort study was obtained from the Medical Information Mart for Intensive
Care III (MIMIC-III) database. Patients had experienced AKI within 48 hours of admission. AKI was
diagnosed according to the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines. Data
on patients’ baseline blood glucose level on admission was retrieved, and the outcome indicator was
30-day mortality. A multivariate Cox regression analysis and smoothed curve fitting were used to assess
the relationship between the baseline blood glucose level and 30-day mortality. The covariates used for
adjustment were those in the patient’s baseline data.

Results: A total of 14,449 AKI patients were screened. The overall 30-day mortality rate was 17.6%.
Patients with blood glucose levels of 6.36-7.35 mmol/L on admission had the lowest 30-day mortality risk.
The multivariate Cox regression model and smoothed curve fitting revealed a U-shaped relationship between
the baseline blood glucose level and 30-day mortality after adjusting all the covariables of the baseline data.
The inflection point occurred at 5.52 mmol/L. The effect size was 0.773 [hazards ratio (HR) =0.773; 95%
confidence interval (CI): 0.614-0.975, P=0.030] on the left side of the inflection point, and 1.077 (HR
=1.077; 95% CI: 1.059-1.097, P<0.001) on the right side.

Conclusions: The blood glucose of patients with AKI should be controlled at a reasonable level and
should not be lower than 5.52 mmol/L, and the optimal control level needs further study. The limitation of

this study is that there are some confounding factors in the retrospective study.
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Introduction

Acute kidney injury (AKI) is a common organ dysfunction in
critically ill patients. It has been reported that the incidence
of AKI is 57.3% in the intensive care unit (ICU). AKI
increases the risk of death; AKI inpatients have been reported
to have a mortality rate of 26.9% (1), and a 90-day mortality
rate as high as 35% (2). The AKI severity, duration and renal
recovery, lower baseline renal function, male, older age, and
comorbidities (diabetes, hypertension, cardiovascular disease,
tumor) are all increase the risk of death (3). The incidence
of AKI in diabetic patients has been reported to be 2.8 times
that of non-diabetic patients (4). Diabetes is a metabolic
disease characterized by hyperglycemia.

Glucose is the main carbon source for cell biosynthesis
and energy production and plays a key role in cell growth.
However, excessively high or low blood sugar levels
can affect human health. Hyperglycemia (>11 mmol/L)
increases the incidence and mortality of contrast-induced
AKI (5), and hypoglycemia (<4.2mmol/L) increase the
incidence and mortality of AKI after cardiac surgery (6).
A retrospective cohort study of all hospitalized patients
revealed that hyperglycemia on admission was closely
associated with the incidence and 30-day mortality of
AKI (7). These studies only analyzed the effects of simple
hyperglycemia or hypoglycemia on the morbidity and
mortality of AKI, but did not study the relationship between
different blood glucose levels and mortality in patients with
AKI, nor explored the optimal levels of glycemic control.
To solve these problems, we investigated the relationship
between the baseline blood glucose level and 30-day
mortality in AKI patients, and analyzed the reasonable level
of blood glucose control in patients with AKI. We present
the following article in accordance with the STROBE
reporting checklist (available at https://apm.amegroups.
com/article/view/10.21037/apm-22-1049/rc).

Methods
Cobort

Adult patients from the Medical Information Mart for
Intensive Care III (MIMIC-III) database (https://mimic.
mit.edu) were included in this single-center, retrospective
cohort study. The MIMIC-III database collected detailed
information on the daily clinical procedures of over 60,000
ICU inpatients at Beth Israel Deaconess Medical Center
(BIDMC) in Boston, Massachusetts, United States of
America from 2001 to 2012. MIMIC-III was connected
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to the social security database to obtain information about
out-of-hospital deaths (8). Data from all the patients in the
MIMIC-III database have been divided into separate lists,
are freely available for download by researchers, and have
been widely used in the development of predictive models
(9,10). An author of our current study had completed
a series of courses offered by the National Institutes of
Health, passed the examinations, and was thus authorized to
use the relevant information from the MIMIC-III database
(certification number: 40764077). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The use of the MIMIC database was approved by
the Institutional Review Board of Massachusetts Institute
of Technology and BIDMC, both of which waive the need
for informed consent for studies related to the MIMIC-IIT
database; thus, our current study did not need an approval
from the ethics committee of our own center.

Subject screening

To be eligible for inclusion in this study, patients had to
meet the following inclusion criteria: (I) had been admitted
to the ICU as per the MIMIC-III database from June 2001
to October 2012; and (II) had experienced AKI within
48 hours of admission. AKI was diagnosed according to the
Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines as follows: an increase in serum creatinine by
>0.3 mg/dL within 48 h, or an increase in serum creatinine
to >1.5 times the baseline level, or a urine volume
<0.5 mL/(kg-h) for >6 h (11). Patients were excluded from
the study if they met any of the following exclusion criteria: (I)
had not been admitted to the ICU for the first time; (II) were
aged <18 years; (III) had a previous history of chronic kidney
disease; (IV) had not completed blood glucose testing within
the 1st day of ICU admission or had an extremely abnormal
blood glucose value on the 1st measurement; and/or (V) had
an inaccurately recorded time of death.

Variables and data

The baseline variables extracted from the MIMIC-III
database included gender, age, weight, service unit, vital
signs, Oxford Acute Severity of Illness Score (OASIS) score,
laboratory test results (within the first day after admission),
comorbidities, and life-support measures. The service units
included the medical ICU (MICU), surgical/trauma surgical
ICU (SICU/TSICU), and coronary care unit (CCU)/cardiac
surgery recovery unit (CSRU). The vital signs included
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heart rate, mean arterial pressure, respiratory rate, body
temperature, and oxygen saturation. The comorbidities
included congestive heart failure (CHF), hypertension,
chronic obstructive pulmonary disease (COPD), diabetes
mellitus, liver disease, and malignancy. Life-support
measures (within 24 hours) included vasopressor use, renal
replacement therapy (RRT), and mechanical ventilation
(MV). The laboratory tests included measurements of the
white blood cell (WBC) count, hemoglobin, the platelet
count, prothrombin time, activated partial thromboplastin
time, blood potassium, blood sodium, anion gap, creatinine,
and glucose levels.

The data were queried and extracted using Structured
Query Language (SQL), and the software used was the open-
source PostgreSQL (v9.6) and its GUI software Navicat
(v.12.1.11 [64-bit] Premium).

Statistical analysis

The normally distributed baseline measurement data
are expressed as the mean = standard deviation (x+s), and
the non-normally distributed data are presented as the
median (interquartile). The count data are expressed as the
frequency with percentage (%). Multiple interpolation was
applied for missing data. The patients were divided equally
into four groups according to the 25th, 50th, and 75th
percentiles of blood glucose. For the analysis of the baseline
features, the statistical differences in the continuous
variables among the four groups were analyzed using a 1-way
analysis of variance or Kruskal-Wallis H test, while the
categorical variables were analyzed using a chi-square test.
Hazard ratios (HR) and 95% confidence intervals (CIs) for
deaths in the different blood glucose groups were calculated
using a multivariate Cox regression analysis. To control
for confounding factors, we input the covariates into the
Cox regression model one by one in the basic model or
eliminated the covariates one by one in the complete
model. The regression coefficients were compared, and the
covariates that changed the regression coefficient by 10%
were included in the Cox regression analysis for adjustment.
Eventually, weight, service unit, respiratory rate, pulse
oxygen saturation (SpQO,), Oxford Acute Severity of Illness
Score (OASIS) score, activated partial thromboplastin time
(APTT), prothrombin time (PT), Anion gap, and diabetes
mellitus were included in the adjusted model. Gender
and age were usually mandatory adjustment covariates.
The Kaplan-Meier method (log-rank test) was used to
compare survival among patients in these four groups. A
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generalized additive model was used to identify the non-
linear relationship between blood glucose and the 30-
day mortality rate. A 2-segment linear regression model
was created based on the smoothed curves. The inflection
point of blood glucose was determined using a recursion
algorithm, including the selection of the inflection point
along a predefined interval to generate the maximum
likelihood value. The comparison of the 2-segment
linear regression model and the 1-segment linear model
was performed using the log-likelihood ratio test in the
segmented package of R Language (12). All the statistical
analyses were performed in the R Language (https://
www.r-project.org, The R Foundation) and Free Statistics
software. All the P values reported are 2-tailed, and P values
<0.05 were considered statistically significant.

Sensitivity analysis

To further analyze the effects of comorbidities and major
treatments on the study outcomes, subgroup analyses were
performed in terms of comorbidities (including CHF,
hypertension, and COPD) and RRT to assess the stability
of the research results. At the same time, the stability of
Cox regression models before and after interpolation data
was analyzed.

Results
Subjects and baseline features

The data of 23,119 AKI patients admitted to the ICU
within 48 hours were retrieved from the MIMIC-III
database. After the exclusion of 4,886 cases of non-first-
time ICU admissions, 795 cases of patients aged <18 years,
2,716 cases of patients with chronic kidney disease before
admission, 70 cases of patients with inaccurately recorded
times of death, and 203 cases of patients for whom blood
glucose measurements were not taken on the Ist day of ICU
admission or whose 1st measurement value was extremely
abnormal, 14,449 patients were included in the final analysis.
All the patients completed 30-day follow-up (see Figure I).
Patients were divided into the following four groups
according to their blood glucose levels: (I) Q1 group (blood
glucose <6.36 mmol/L); (II) Q2 group (blood glucose:
6.36-7.35 mmol/L); (IIT) Q3 group (blood glucose:
7.35-8.89 mmol/L); and (IV) Q4 group (blood glucose
>8.89 mmol/L). The demographic features (gender, age,
and weight), the service unit, vital signs, OASIS score,
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Patients with acute kidney injury from
MIMIC-III (v1.4) database
(23,119)

Only included the 1st ICU admission of each
patient (4,886 excluded)

Exclusion:
* Age <18 years (795 excluded);
* A previous chronic kidney disease
(2,716 excluded);
* Inaccurate recorded time of death
(70 excluded)

Exclusion:
Blood glucose test was not completed on
the 1st day of ICU admission or the 1st
measurement value was extremely abnormal
(203 excluded)

Y

14,449 patients in final cohort

Figure 1 Flow chart of patient disposition. MIMIC-ITI, Medical

Information Mart for Intensive Care III; ICU, intensive care unit.
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laboratory examination results, comorbidities, and life
support measures are summarized in Table 1.

Mortality risk of AKI patients with different blood glucose

levels

Up to 2,540 of 14,449 patients died within 30 days of ICU
admission, yielding a mortality rate of 17.6%. Calculations
of the HR and 95% CI for blood glucose and 30-day death
in the 4 unadjusted and stepwise adjusted models showed
that the risk of death was lowest in the Q2 group and
highest in the Q4 group, but comparable between the Q3
group and the Q1 group. All the P values were <0.001 in the
trend tests (see Table 2). The Kaplan-Meier survival curves
and log-rank tests showed a significant difference in survival
among the Q1, Q2, Q3, and Q4 groups (P<0.001), with
the shortest survival time in the Q4 group and the longest
survival time in the Q2 group (see Figure 2).

Non-linear relationship between blood glucose and 30-day
mortality in AKI patients

The multivariate Cox regression model and smoothed curve

fitting revealed that blood glucose level had a U-shaped

Table 1 Baseline characteristics of patients according to blood glucose (N=14,449)

) All patients Baseline blood glucose (mmol/L)
Variables P value
(n=14,449) Q1 (n=3,611) Q2 (n=3,606) Q3 (n=3,609) Q4 (n=3,623)
Gender, n (%) <0.001
Female 6,102 (42.2) 1,517 (42.0) 1,416 (39.3) 1,535 (42.5) 1,634 (45.1)
Male 8,347 (57.8) 2,094 (58.0) 2,190 (60.7) 2,074 (57.5) 1,989 (54.9)
Age (years), mean = SD 73.0+£50.8 71.2+£52.0 73.2+49.5 75.2+52.8 72.5+48.8 0.008

Weight (kg), M (IQR)

78.8 (66.0, 93.0) 75.0 (63.2, 88.8) 78.8 (66.0, 92.2) 80.0 (67.0, 94.4) 80.5 (68.0, 96.1) <0.001

Service unit, n (%) <0.001
MICU 5,648 (39.1) 1,720 (47.6) 1,050 (29.1) 1,191 (33.0) 1,687 (46.6)
SICU/TSICU 3,919 (27.1) 882 (24.4) 837 (23.2) 1,203 (33.3) 997 (27.5)
CCU/CSRU 4,882 (33.8) 1,009 (27.9) 1,719 (47.7) 1,215 (33.7) 939 (25.9)

Vital signs
Heart rate (bpm), mean + SD 87.6+16.0 86.7+£16.5 86.7+14.9 87.8+16.0 89.3+16.5 <0.001
MAP (mmHg), mean + SD 77.3+11.1 76.5+11.8 76.8+10.2 77.5+10.8 78.3+11.5 <0.001
Respiratory rate (bpm), mean + SD 19.0+4.1 19.0+4.2 18.5+3.9 19.0+4.0 19.6+4.3 <0.001
Temperature (°C), mean + SD 36.9+0.7 36.9+0.6 36.9+0.6 36.9+0.7 36.8+0.8 0.002

Sp0, (%), M (IQR)

97.7 (96.3,98.8) 97.5(96.2, 98.7) 97.8 (96.6, 98.8) 97.7 (96.4, 98.8) 97.6 (96.0, 98.8) <0.001

Table 1 (continued)
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Table 1 (continued)
Variables All patients Baseline blood glucose (mmol/L) b value
(n=14,449) Q1 (n=3,611) Q2 (n=3,606) Q3 (n=3,609) Q4 (n=3,623)

OASIS score, mean + SD 33.5+9.0 32.5+8.8 32.6+8.2 34.1+8.9 34.7+9.7 <0.001

Laboratory tests
WBC (x10%L), M (IQR) 9.7 (6.9, 13.3) 8.7(6.2,12.1) 9.7(7.1,12.9) 10.1(7.2,13.6) 10.5(7.4,14.3) <0.001
Hemoglobin (g/dL), mean + SD 9.8+2.2 9.9+2.2 9.5+2.2 9.8+2.2 10.1x2.2 <0.001
Platelets (x10%/L), mean + SD 244.4+125.9 242.2+131.6 233.2+118.1 248.5+123.9 253.7+128.6  <0.001
PT (seconds), M (IQR) 29.1 (25.4,34.3) 29.6 (26.0, 35.3) 29.8 (26.1, 34.4) 28.4 (25.0, 33.2) 28.5(24.8,34.0) <0.001
APTT (seconds), M (IQR) 13.8(12.8,15.2) 13.8(12.8, 15.6) 13.8(12.9, 15.1) 13.7 (12.8, 14.9) 13.7 (12.8, 15.2) <0.001
Sodium (mmol/L), mean + SD 136.0+5.3 136.1+5.2 135.9+4.7 136.2+5.0 135.7+6.2 0.001
Potassium (mmol/L), mean + SD 3.7+0.6 3.7+0.6 3.7£0.5 3.7+0.6 3.7+0.6 <0.001
Anion gap (mmol/L), mean + SD 13.2+3.5 13.1£3.7 12.4£3.2 13.1£34 14.0£3.7 <0.001
Creatinine (mg/dL), mean + SD 1.5+1.7 1.8+2.1 1.3x1.5 1.4+1.6 1.6+1.6 <0.001
Glucose (mmol/L), mean = SD 7.9+2.4 5.6+0.6 6.9+0.3 8.0+£0.4 11.2+£2.2 <0.001

Patients, n (%)
CHF 3,979 (27.6) 952 (26.4) 961 (26.7) 1,003 (27.8) 1,063 (29.4) 0.018
Hypertension 7,641 (52.9) 1,774 (49.1) 2,031 (56.3) 1,942 (53.8) 1,894 (52.3) <0.001
COPD 2,898 (20.1) 714 (19.8) 690 (19.2) 760 (21.1) 734 (20.3) 0.221
Diabetes mellitus 3,938 (27.3) 521 (14.4) 756 (21.0) 945 (26.2) 1,716 (47.4) <0.001
Liver disease 1,835 (12.7) 535 (14.8) 359 (10.0) 363 (10.1) 578 (16.0) <0.001
Malignancy 1,352 (9.4) 383 (10.6) 317 (8.8) 310 (8.6) 342 (9.5) 0.014

Vasopressor use (1st 24 h), n (%) 3,521 (24.4) 672 (18.6) 811 (22.5) 953 (26.5) 1,085 (30.0) <0.001

ELF, n (%)
RRT use (1st 24 h) 931 (6.4) 323 (8.9) 155 (4.3) 207 (5.7) 246 (6.8) <0.001
MV use (1st 24 h) 7,894 (54.6) 1,641 (45.4) 2,233 (61.9) 2,116 (58.6) 1,904 (52.6) <0.001

Q1: <6.36 mmol/L; Q2: 6.36-7.35 mmol/L; Q3: 7.35-8.89 mmol/L; Q4: =8.89 mmol/L. MICU, medical intensive care; SICU, surgical
intensive care unit; TSICU, trauma surgical intensive care unit; CCU, coronary care unit; CSRU, cardiac surgery recovery unit; MAP,
mean arterial pressure; SpO,, pulse oxygen saturation; M (IQR), median (interquartile); OASIS, Oxford Acute Severity of lllness Score;
WBC, white blood cell; PT, prothrombin time; APTT, activated partial thromboplastin time; CHF, congestive heart failure; COPD, chronic

obstructive pulmonary disease; ELF, extracorporeal life support; RRT, renal replacement therapy; MV, mechanical ventilation.

relationship with 30-day mortality, and the blood glucose
inflection point was 5.52 mmol/L (see Figure 3). We
fitted 2 different slopes with the segmented multivariate
Cox regression models, and found that the P value of the
likelihood ratio test was 0.001 (see Tuble 3). Thus, we used
2 segmented models to fit the association between the
blood glucose levels and 30-day mortality. The effect value
was 0.773 (HR =0.773; 95% CI: 0.614-0.975, P=0.030) for
blood glucose <5.52 mmol/L; however, when blood glucose
was >5.52 mmol/L, the effect value was 1.077 (HR =1.077;
95% CI: 1.059-1.097, P<0.001) (see Tuble 3).
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Sensitivity analysis

Table S1 provides the proportion of missing data for all
variables in 7able 1. Table S2 shows the Cox model of the
original data, which is consistent with the direction of the
effect value after multiple interpolation data (see Table 2).

In the subgroup analysis, regardless of whether there was
concomitant CHE, hypertension, and/or COPD, the Q4
group had the highest risk of death, and the Q2 group had
the lowest risk of death. The risk of death in the Q1 group
and the Q3 group was similar and between the former two
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Table 2 Relationship between blood glucose and 30-day mortality
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Non-adjusted Adjust | Adjust Il Adjust Il
Exposure
HR (95% Cl) P value HR (95% ClI) P value HR (95% ClI) P value HR (95% ClI) P value

Glucose (mmol/L) 1.09 (1.08-1.11)  <0.001 1.04 (1.01-1.07)  0.004 1.02 (0.99-1.05) 0.182 1.01(0.98-1.04) 0.480
Glucose quintiles

Q1 Reference Reference Reference Reference

Q2 0.70 (0.62-0.79)  <0.001 0.70 (0.61-0.79)  <0.001 0.82 (0.72-0.93)  0.002 0.89 (0.78-1) 0.058

Q3 1.04 (0.93-1.17)  0.471 1.02 (0.92-1.15)  0.667 1.09(0.98-1.23) 0.125 1.03 (0.92-1.16)  0.594

Q4 1.60 (1.44-1.78)  <0.001 1.60 (1.44-1.77)  <0.001 1.60 (1.44-1.78)  <0.001 1.41 (1.26-1.57) <0.001
P for trend <0.001 <0.001 <0.001 <0.001

Q1: <6.36 mmol/L; Q2: 6.36-7.35 mmol/L; Q3: 7.35-8.89 mmol/L; Q4: =8.89 mmol/L. Non-adjusted: no variables were adjusted; Adjust |
model: adjusted for age and gender; Adjust Il model: adjusted for adjusts | + weight, service unit, respiratory rate, SpO,; Adjust Ill model:
adjusted for adjusts Il + OASIS, PT, APTT, anion gap, and diabetes mellitus. SpO,, pulse oxygen saturation; OASIS, Oxford Acute Severity
of lliness Score; PT prothrombin time; APTT, activated partial thromboplastin time; HR, hazard ratio; Cl, confidence interval.
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Figure 2 Kaplan-Meier survival curves for day 30 of acute kidney
injury. Q1: £6.36 mmol/L; Q2: 6.36-7.35 mmol/L; Q3: 7.35-
8.89 mmol/L; Q4: >8.89 mmol/L.

groups. All the P values were <0.001 in the trend tests. The
subgroup analysis also revealed a correlation between RRT
and 30-day mortality (P=0.018; see Table 4).

Discussion

In this observational retrospective cohort study, we found

© Annals of Palliative Medicine. All rights reserved.

10.0 P for non-linearity: <0.001

5.0

Hazard ratio

T T T T
5 10 15 20
Glucose, mmol/L

Figure 3 The non-linear relationship between blood glucose and
30-day mortality. Adjusted for all covariates in Tuble 1. The blue
area curve represents the distribution density of patients without
death at different blood glucose levels, and the red area curve
represents the distribution density of patients who died at different

blood glucose levels.

a U-shaped relationship between the blood glucose
levels and 30-day mortality in patients with AKI, with an
inflection point of 5.52 mmol/L. When the blood glucose
level was <5.52 mmol/L, the 30-day mortality rate of AKI
patients decreased by 22.7% for every 1-mmol/L increase
in blood glucose (HR =0.773; 95% CI: 0.614-0.975,
P=0.030). Conversely, when the blood glucose level was
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>5.52 mmol/L, the 30-day mortality rate increased by 7.7%
for every 1-mmol/L increase in blood glucose (HR =1.077;
95% CI: 1.059-1.097, P<0.001). Thus, blood sugar must be
maintained at a reasonable level as both hyperglycemia and
hypoglycemia increase the risk of death in AKI patients.
These findings support those of the Normoglycemia
in Intensive Care Evaluation-Survival Using Glucose
Algorithm Regulation (NICE-SUGAR) study (13).
According to the Kidney Disease Improving Global
Outcomes (KDIGO) guidelines (11), AKI can be divided into

Table 3 The non-linear relationship between blood glucose and
30-day mortality

Threshold of driving pressure HR 95% CI P value
<5.52 0.773 (0.614,0.975) 0.030
>5.52 1.077 (1.059, 1.097) <0.001
Likelihood ratio test - - 0.001

Adjusted for age, gender, weight, service unit, respiratory rate,
Sp0O,, OASIS, PT, APTT, anion gap, and diabetes mellitus.
SpO,, pulse oxygen saturation; OASIS, Oxford Acute Severity
of lllness Score; PT, prothrombin time; APTT, activated partial
thromboplastin time; HR, hazard ratio; Cl, confidence interval.
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stages 1, 2, and 3, corresponding to the increasing severity
and increasing risk of death (1,14). AKI has a variety of
etiologies, and its outcome is also related to multiple factors.
Dysglycemia is closely related to the case-fatality rate of AKI
after contrast agent administration (5) or cardiac surgery (6).
These two studies involved special populations. Gorelik
et al. (7) analyzed the data of 6,170 AKI inpatients at their
center from 2012 to 2021 and found that hyperglycemia
(>10 mmol/L) on admission was positively correlated with
the incidence of AKI, the recovery rate of AKI, and the 30-
day mortality rate (7). However, none of the above studies
researched the relationship between different blood glucose
levels and mortality in patients with AKI and proposed an
optimal range for glycemic control. The subjects in our
current study were ICU inpatients, and the results showed
that the baseline blood glucose level in AKI patients had a
U-shaped relationship with the 30-day mortality rate, and the
Q2 group (6.36-7.35 mmol/L) had the lowest mortality risk.
Both hypoglycemia and hyperglycemia increase the risk
of death in patients, but hypoglycemia is more harmful (15).
Similar results were obtained in the current study. Kidneys
play an important role in blood glucose metabolism, mainly
through glucose reabsorption, gluconeogenesis, and kidney
utilization of glucose (16). Research suggests that there

Table 4 Subgroup analyses of the association between blood glucose and 30-day mortality in the MIMIC-IIT database

Blood glucose quintiles (mmol/L)

Confounding factor category P fortrend P for interaction
Ql Q2 Q3 Q4

CHF 0.887
No 1 (Ref) 0.91(0.77-1.06)  1.01(0.87-1.17)  1.40 (1.21-1.60) <0.001
Yes 1 (Ref) 0.87 (0.69-1.09)  1.12(0.91-1.38)  1.56 (1.28-1.90) <0.001

Hypertension 0.315
No 1 (Ref) 0.95(0.79-1.13)  1.02 (0.87-1.20)  1.43 (1.22-1.67) <0.001
Yes 1 (Ref) 0.85(0.70-1.03)  1.06 (0.89-1.27)  1.44 (1.22-1.70) <0.001

COPD 0.316
No 1 (Ref) 0.96 (0.83-1.11)  1.08 (0.95-1.24)  1.46 (1.29-1.66) <0.001
Yes 1 (Ref) 0.71 (0.53-0.96)  0.92 (0.72-1.19)  1.38(1.08-1.77) <0.001

RRT use 0.018
No 1 (Ref) 0.90 (0.78-1.03)  1.05(0.93-1.19)  1.50 (1.33-1.69) <0.001
Yes 1 (Ref) 0.89 (0.58-1.36)  0.91(0.63-1.33)  0.91 (0.64-1.31) 0.64

Q1: <6.36 mmol/L; Q2: 6.36-7.35 mmol/L; Q3: 7.35-8.89 mmol/L; Q4: =8.89 mmol/L. Adjusted for age, gender, weight, service unit,
respiratory rate, SpO,, OASIS, PT, APTT, anion gap, and diabetes mellitus. SpO,, pulse oxygen saturation; OASIS, Oxford Acute Severity
of lliness Score; PT, prothrombin time; APTT, activated partial thromboplastin time; CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; RRT, renal replacement therapy.
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are 2 etiologies for kidney injuries caused by elevated
blood sugar: (I) during hyperglycemia emergencies (e.g.,
ketoacidosis and the hyperglycemic hyperosmolar state),
the glucose filtered through the glomerulus exceeds the
reabsorption capability of renal tubules, leading to osmotic
diuresis, which in turn results in severe dehydration and
rhabdomyolysis, thereby aggravating renal injury (17); or
(II) hyperglycemia induces the apoptosis of renal tubular
epithelial cells (18). Additionally, fluctuations in blood
glucose also aggravate inflammatory lesions and the
apoptosis of mouse mesangial cells (19). Hypoglycemia
occurs when blood glucose falls <3.9 mmol/L, and patients
may experience tachycardia, hunger, tremors, irritability,
coma, and even death (15). For patients with hypoglycemia
at hospital admission, the gluconeogenesis of the kidneys
is notably weakened after AKI, and hypoglycemia is
more likely to occur during hospitalization (20) and
after discharge (21), thereby increasing the risk of death.
Serraino et al. (6) showed that hypoglycemia (blood glucose
<4.2 mmol/L) increased the morbidity and mortality rates
of AKI in patients undergoing cardiac surgery. However,
the question of whether hypoglycemia itself causes direct
damage to the kidneys requires further investigation.

The target of glycemic control in AKI patients differs
in different guidelines. The 2012 KDIGO guidelines
recommended a glycemic control target of 6.1-8.3 mmol/L
in AKI patients (11). The 2022 American Diabetes
Association guidelines recommend a target blood glucose
range of 7.8-10.0 mmol/L for most critically ill patients (22).
In our current study, the Q2 group (6.36-7.35 mmol/L)
had the lowest risk of death, which was similar to the target
blood glucose range in the 2012 KDIGO guidelines but
was quite different to that in the 2022 American Diabetes
Association guidelines. Notably, since critically ill patients
often have stress hyperglycemia (23), the baseline blood
glucose in our current study was based on pooled data from
both pre-hospital glycemic control and impact of critical
illness and thus cannot be used as a direct reference value
for post-hospital glycemic control.

In the subgroup analysis, the risk of death from high to
low in patients without renal replacement therapy (RRT)
was Q4 group, Q3 group, Q1 group and Q2 group. There
was no significant difference in 30-day mortality among
the four groups patients treated with RRT, regardless
of baseline blood glucose values. It is suggested that
RRT treatment reduces the risk of death in patients with
hyperglycemia, which may be related to the maintenance of
blood glucose balance by RRT (especially continuous renal

© Annals of Palliative Medicine. All rights reserved.
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replacement therapy).

Our present study had two advantages. First, it was
a real-world study with a large sample size; all the data
were naturally generated in daily patient care and thus are
highly generalizable. Second, the baseline blood glucose
in this study was the patient’s average blood glucose level
on the 1st day after admission, which minimized the effect
of immediate blood glucose fluctuations on the outcome.
These two advantages also allow the good extrapolation of
our findings.

However, our study also had some limitations. First, it
had multiple confounding factors due to its retrospective
cohort design. Second, some data were missing, resulting in
incomplete sample inclusion; for example, in 203 patients,
blood glucose tests were not performed within 24 hours
after ICU admission or the results of the Ist test were
extremely abnormal, and in 70 patients, the recorded time
of death was incorrect. Third, the measurements were not
strictly standardized in some cases. For example, finger
prick or venous blood tests were performed in different
cases, which might have led to measurement errors. Finally,
only AKI patients were included in this analysis, and the
association between blood glucose and mortality may be
different in non-AKI patients.

Conclusions

There is a U-shaped relationship between the baseline
blood glucose levels and the 30-day mortality rate in AKI
patients. The blood glucose of patients with AKI should
be controlled at a reasonable level and should not be lower
than 5.52 mmol/L, and the optimal blood sugar control
range warrants further investigations.
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Supplementary

Table S1 Percentage of missing data in the variables of interest

Variables MIMIC-III (n=14,449)

Gender, n (%)

Female 0.00%
Male 0.00%
Age 0.00%
Weight 3.53%
30-day mortality 0.00%

Service unit, n (%)

MICU 0.00%
SICU/TSICU 0.00%
CCU/CSRU 0.00%
Vital signs
Heart rate (bpm) 0.26%
MAP (mmHg) 0.26%
Respiratory rate (bpm) 0.36%
Temperature (°C) 2.45%
SpO, 0.32%
OASIS score 0.00%

Laboratory tests

WBC (x10°/L) 0.65%
Hemoglobin(g/dL) 0.42%
Platelet (x10%/L) 0.53%
PT (seconds) 7.05%
APTT (seconds) 7.28%
Sodium (mmol/L) 0.26%
Potassium (mmol/L) 0.26%
Anion gap (mmol/L) 2.28%
Creatinine (mmol/L) 0.29%
Glucose (mmol/L) 0.00%

Comorbidities, n (%)

CHE 0.15%
Hypertension 0.00%
COPD 0.15%

Diabetes mellitus

Liver disease 0.15%

Malignancy 0.15%
Vasopressor use (1st 24 h), n (%) 0.26%
ELF

RRT use (1st 24 h), n (%) 0.00%

MV use (1st 24 h), n (%) 0.00%

MICU, medical intensive care; SICU, surgical intensive care
unit; TSICU, trauma surgical intensive care unit; CCU, coronary
care unit; CSRU, cardiac surgery recovery unit; MAP, mean
arterial pressure; SpO,, pulse oxygen saturation; OASIS,
Oxford Acute Severity of lllness Score; WBC, white blood cell;
PT, prothrombin time; APTT, activated partial thromboplastin
time; CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease; ELF, extracorporeal life support; RRT, renal
replacement therapy; MV, mechanical ventilation.
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Table S2 Relationship between blood glucose and 30-day mortality.

Exposure

Non-adjusted

Adjust |

Adjust Il

Adjust Ill

HR (95% ClI)

P value

HR (95% Cl)

P value

HR (95% Cl)

P value HR (95% ClI) P value

Glucose (mmol/L)
Glucose quintiles
Q1
Q2
Q3
Q4
P for trend

1.09 (1.08-1.11)

Reference
0.70 (0.62-0.79)
1.04 (0.93-1.17)
1.60(1.44-1.78)

<0.001

<0.001

<0.001
0.471
<0.001

1.04 (1.01-1.07)

Reference
0.70 (0.61-0.79)
1.02 (0.92-1.15)
1.60(1.44-1.77)

<0.001

0.004

<0.001
0.667
<0.001

1.02 (0.99-1.05)

Reference
0.81 (0.71-0.92)
1.08 (0.96-1.21)
1.58 (1.43-1.76)

<0.001

0.199  1.01(0.99-1.04)  0.303

Reference
0.001 0.90 (0.79-1.02) 0.099
0.186 1.04 (0.92-1.17) 0.526
<0.001 1.44 (1.29-1.62)  <0.001
<0.001

Q1: <6.36 mmol/L; Q2: 6.36-7.35 mmol/L; Q3: 7.35-8.89 mmol/L; Q4: =8.89 mmol/L. Non-adjusted: no variables were adjusted; Adjust |
model: adjusted for age and gender; Adjust Il model: adjusted for adjusts | + weight, service unit, respiratory rate, SpO,; Adjust Ill model:
adjusted for adjusts Il + OASIS, PT, APTT, anion gap, and diabetes mellitus. SpO,, pulse oxygen saturation; OASIS, Oxford Acute Severity
of lliness Score; PT prothrombin time; APTT, activated partial thromboplastin time. HR, hazard ratio; Cl, confidence interval.
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