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Vitamin D deficiency may increase the

risk of acute kidney injury in patients

with diabetes and predict a poorer outcome
in patients with acute kidney injury

Xiao-Hua Li', Yu-Zhen Luo', Man-Qiu Mo?, Tian-Yun Gao', Zhen-Hua Yang' and Ling Pan'"

Abstract

Backgound People with diabetes are much more likely to develop acute kidney injury (AKI) than people without
diabetes. Low 25-hydroxy-vitamin D [25(0OH)D] concentrations increased the risk of AKl in specific populations. Few
studies have explored the relationship between the 25(0H)D level and AKl in patients with diabetes. We conducted
this study to investigate the relationship between the plasma level of 25(0OH)D and the risk of AKl in patients with
diabetes, and to evaluate whether the 25(0OH)D level could be a good prognostic marker for AKI progression.

Methods A total of 347 patients with diabetes were retrospectively reviewed. The primary endpoint was the first
event of AKI. The secondary endpoint is need-of-dialysis. AKI patients were further followed up for 6 months with
the composite endpoint of end-stage renal disease (ESRD) or all-cause death. Kaplan-Meier survival analysis and Cox
proportional hazards models were used.

Results During a median follow-up of 12 weeks (12.3+6.7), 105 incident AKl were identified. The middle and high
tertiles of baseline 25(0OH)D levels were associated with a significantly decreased risk of AKl and dialysis compared
to the low tertile group (HR=0.25, 95% Cl 0.14-0.46; HR=0.24, 95% Cl 0.13-0.44, respectively, for AKl; HR=0.15; 95%
C10.05-0.46; HR=0.12; 95% CI 0.03-0.42, respectively, for dialysis). Sensitivity analysis revealed similar trends after
excluding participants without history of CKD. Furthermore, AKl patients with 25(OH)D deficiency were associated
with a higher risk for ESRD or all-cause death (HR, 4.24; 95% Cl, 1.80 to 9.97, P<0.001).

Conclusion A low 25 (OH) vitamin D is associated with a higher risk of AKI and dialysis in patients with diabetes. AKI
patients with 25(0OH)D deficiency were associated with a higher risk for ESRD or all-cause death.
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Background

Diabetes mellitus (DM) is now a major concern for pub-
lic health worldwide. According to the 10th edition of
the International Diabetes Federation Atlas, 537 million
individuals worldwide were estimated to have diabetes
in 2021, and by 2045, that number is predicted to rise to
783 million [1]. Numerous studies have drawn similar
conclusions: people with diabetes are much more likely
to develop acute kidney injury (AKI) than people with-
out diabetes [2]. Administrative data from the Centers
for Disease Control and Prevention indicate that the
number of AKI hospitalizations increased more than
fourfold between 2000 and 2014, among which persons
with diabetes accounted for about 40% of all AKI hos-
pitalizations, with absolute increases in AKI hospital-
izations being larger among persons with diabetes than
among persons without diabetes [3]. Moreover, not only
is AKI more common in persons with diabetes, but also,
if a person with diabetes develops AKI, their prognosis
is worse as well. In one study, rates of dialysis-requiring
AKI were approximately five times higher among persons
with diabetes than among persons without diabetes [4].
Aside from the risk of end-stage renal disease (ESRD)
among persons with diabetes, AKI has also been shown
to be associated with an increased risk of death [5].
Patients with diabetes are commonly affected by a vari-
ety of comorbidities that increase their risk of develop-
ing AKI. Obesity, heart failure, hypertension, prior AKI
episodes, chronic kidney disease (CKD), and even cer-
tain antihypertensive and antidiabetic medications have
all been linked to an increased risk of AKI [6, 7]. Thus, a
better understanding of the main predictors of AKI will
enable physicians to identify high-risk patients for early
intensification and individualization of treatment to pre-
vent AKI and its potential impact on long-term renal
complications.

As a pleiotropic steroid hormone, vitamin D has been
linked to a variety of biological activities; among them,
the potential of vitamin D in the protection of diabetic
nephropathy has attracted particular attention. Experi-
mental evidence reported that it plays an important
role in modulating cell proliferation, apoptosis, differ-
entiation, inflammation response, immune function,
and vascular and metabolic properties such as insulin
secretion and sensitivity [8, 9]. 25-hydroxyvitamin D
[25(OH)D] is synthesized by 25-hydroxylase catalyz-
ing vitamin D, which is considered the best indicator of
vitamin D status [10]. Studies have found that 25(OH)D
deficiency increases the risk of T2DM development and
the incidence of its complication [11]. Low 25 (OH) vita-
min D levels in patients with CKD have been linked to
an increased risk of all-cause mortality and faster pro-
gression of kidney disease [12]. The role of vitamin D in
CKD has aroused our curiosity about its role in AKI. We
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noticed that observational studies have suggested a link
between low 25(OH)D levels and a higher risk of AKI in
critically ill, patients undergoing coronary angiography
and the general population [13-15]. However, to date,
no studies have explored the relationship between the
25(OH)D level and AKI in patients with diabetes melli-
tus, a population with a high rate of 25 (OH) vitamin D
deficiency. To address these knowledge gaps, this study
aims to test the hypothesis that 25 (OH) vitamin D defi-
ciency is associated with AKI and is predictive of the
need for renal replacement therapy in patients with dia-
betes mellitus. Moreover, we also examined the impact of
25(OH)D level on the progression of AKI with the com-
posite endpoints of ESRD or mortality in AKI patients.

Materials and methods

Research subjects

A total of 347 patients with diabetes mellitus from Janu-
ary 2019 to December 2022 in The First Affiliated Hos-
pital of Guangxi Medical University were retrospectively
reviewed. DM was diagnosed according to the World
Health Organization criteria. All the patients should have
intact information on the baseline serum 25(OH)D level.
Exclusion criteria were as follows: (1) malignancies; (2)
women with pregnancy; (3) CKD stage 5 or renal replace-
ment therapy (RRT); and (4) patients with new-onset
diabetes after transplantation. This study was approved
by the Ethics Committee of the First Affiliated Hospi-
tal of Guangxi Medical University [Approval number:
2019(KY-E028)]. As this was a retrospective analysis of
anonymized clinically obtained data and all patient iden-
tifiers were removed, there was no need for patients to
sign an informed consent form. We implemented strict
protocols to ensure that all participant data was anony-
mized and securely stored. Access to identifiable infor-
mation was restricted to authorized personnel only. This
study was conducted in accordance with the tenets of the
Declaration of Helsinki.

Diagnostic criteria

AKI was defined referring to the diagnostic criteria
of AKI in the Kidney Disease: Improving Global Out-
comes guideline: Scr increased by 226.5 umol/L within
48 h or increased by >50% of the baseline value within
7 days. The diagnostic criteria was programmed into the
AKI automated electronic alert system, which has been
incorporated into the HIS system, and the onsets of AKI
were captured and recorded. The criteria of AKI stage:
stage 1: Scr increase to 1.5-1.9 times of baseline value
or increased >0.3 mg/dL, stage 2: Scr increase to 2.0-2.9
times of base value, stage 3: Scr increase to 3 times or
24.0 mg/ dL or begin RRT [16]. Diagnosis of diabetes
conforms to World Health Organization criteria as fol-
lows: (1) random blood glucose>11.1 mmol/L, (2) fasting
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blood glucose (FBG)27.0 mmol/L, or (3) postprandial
blood glucose (PBG)=11.1 mmol/L [17].

Clinical data collection

Demographic data and baseline clinical data were col-
lected, including age, gender, body mass index (BMI),
blood pressure, baseline levels of routine blood tests,
liver function, renal function, electrolytes, 25-hydroxyvi-
tamin D3 [25(OH)D3], blood glucose, glycosylated
hemoglobin (HbA1c), N-Terminal Pro-Brain Natriuretic
Peptide (NT-pro BNP) and diagnosed comorbidity. The
baseline Scr was defined as a stable Scr within the last 3
months or longer if none was available within 3 months.
Other laboratory indicators were the first-time values
after hospitalization. The current medications of par-
ticipants were also recorded, including SGLT2 inhibitor,
RAS blockers, Vitamin D analogues. The serum 25(OH)D
level was determined by chemiluminescence immunoas-
say (ARCHTECT i2000SR, USA).

Follow-up and outcome measures

The follow-up time was no less than 12 weeks. The pri-
mary outcome was the first event of AKI. The secondary
outcome is need-of-dialysis. Furthermore, in order to
explore the impact of 25(OH)D level on the progression
of AKI, we followed up the AKI patients for 6 months
with the composite endpoint of ESRD or all-cause death.
ESRD was defined as the need for long-term dialysis or
renal transplantation.

Statistical analysis
We divided the study population into tertiles according
to baseline serum 25(OH)D level. Data were presented as
meantSD, median and interquartile range, or percent-
age. As appropriate, comparisons between groups were
performed using one-way analysis of variance (ANOVA),
Kruskal-Wallis test, or x* test. Kaplan—Meier analysis
and the log-rank test were used to assess AKI-survival
and dialysis-survival among groups. The covariates con-
sidered for adjustment included sex, age, BMI, Hb, ALB,
blood pressure, HbAlc, drug use (SGLT?2 inhibitor, RAS
blocker, vitamin D analogue), previous AKI history, diag-
nosed comorbidity, estimated GFR (eGFR) calculated
using the four-variable Modification of Diet in Renal Dis-
ease study equation (MDRD4). In addition, we followed
up the patients with AKI for 6 months. Kaplan—Meier
analysis and Cox proportional hazards regression models
were performed to evaluate the effect of serum 25(OH)D
level on composite outcomes of all-cause-death or ESRD
in AKI patients. Univariate Cox regression was used to
screen the risk factors affecting the prognosis, and the
“forward LR” method was then.

used to screen the variables of p<0.05 that were
included in the multivariate Cox proportional hazards
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regression model. A p-value of <0.05 was considered sta-
tistically significant. All statistics were done in IBM SPSS
v.24.0 and Graphpad Prism 10.0.

Results

Baseline clinical characteristics according to tertiles of the
serum 25(OH)D level

Among 418 diabetic patients with intact baseline serum
25(OH)D level information, 38 had stage 5 CKD or had
regular RRT, 18 had incomplete baseline data (including
BMI, NT-pro BNP and HbAlc data), and 15 were lost to
follow-up. Finally, a total of 347 patients were included in
this study, with an average age of 61.29+14.4 years and
a male-to-female ratio of 1.84:1. The serum 25(OH)D
level was 22.33+8.8ng/mL. Average level of the systolic
BP, ALB, HbAlc, and baseline eGFR were 136.6mmHg,
33.0 g/L, 7.54%, and 67.17mL/min/1.73m? respec-
tively. The clinical characteristics of the study popula-
tion according to tertiles of the serum 25(OH)D levels
are presented in Table 1. Compared to the patients in
the high tertile, those in the low tertile tended to have
higher levels of systolic blood pressure, diastolic blood
pressure, white blood cell, and NT-pro BNP while lower
level of albumin (ALB), calcium and hemoglobin (Hb)
(all P<0.05). Kidney function was better when the serum
25(OH)D level was higher, wherein baseline eGFR was
significantly increased in the highest tertile. In addition,
patients in the middle and low tertiles were more likely
to have CKD, chronic heart failure, previous AKI onsets,
and infections at baseline (all P<0.05). There were no dif-
ferences in age, gender, BMI, WBC, HbAlc, uric acid and
use of SGLT2 inhibitor or RAS blocker between groups.

Baseline serum 25(0OH)D and the risk for AKI

During a median follow-up time of 12 weeks (12.316.7),
105 incident AKI were identified. AKI rate in the lowest
tertile was the highest among groups (P<0.001), with
58 patients (50%) suffering from AKI. The causes of AKI
were as follows: nephrotoxin (23 patients, 21.3%), infec-
tion (47 patients, 44.8%), ischemic acute tubular necrosis
(24 patients, 22.2%), hepatorenal syndrome (3 patients,
2.8%) and obstructive uropathy (6 patients, 5.6%). There
were no significant differences in enrollment 25(OH)
D levels according to etiology of AKI (Supplementary
Fig. 1). No significant differences were found in the dis-
tribution of 25(OH)D tertiles in different groups accord-
ing to AKI etiology (shown in Fig. 1). Among the 105
incident AKI, 20 patients had stage 1 AKI, 43 patients
had stage 2 AKI, and 42 patients had stage 3 AKIL The
distribution of different stages of AKI among groups is
shown in Fig. 2. Compared to the middle and high tertile,
patients in the low tertile had the highest rate of stage 3
AKI (P<0.05). The predictive role of baseline 25(OH)D
for the occurrence of AKI was examined in multivariate
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Table 1 Clinical characteristics and laboratory findings of all enrolled patients according to tertiles of vitamin D level
Variables 25(0OH)Vitamin D
low tertile middle tertile high tertile Pvalue
(n=116) (n=116) (n=115)

Age(year) 62.19+12.7 60.1+16.3 61.3+145 0.33
BMI( (kg/m?) 240+4.0 2393+38 239+40 0.64
Male, n(%) 74(63.8%) 75(64.7%) 78(67.8%) 0.80
Systolic BP(mmHg) 14214257 135.0+£24.5 13254215 0.003
Diastolic BP(mmHg) 80.3£194 73.8+13.0" 768+15.0 0.001
WBC(x10° /L) 143+9.0 11.9+72 119458 0.06
Hb(g/L) 9534216 1035+227"" 985+215 0.02
ALB(g/L) 293459 358+6.2* 340450 <0.001
25(0H)vitamin D(ng/mL) 1284337 225423 318+6.1 <0.001
Calcium(mmol/L) 20401 209+0.11 2114011 <0.001
NT-pro BNP( pg/mL) 52650433337 3527.1+1099.1* 37535+ 14863 <0.001
HbA1c(%) 74+16 7717 75+1.7 0.241
Baseline eGFR( ml/min/1.73m?) 6414395 628+32.1" 746+333 0.03
Uric acid(umol/L) 4076+197.0 4263+207.3 401.8+£1733 0.44
Diagnosed comorbidity

infection, n(%) 64(55.2%) 59(50.9%) 45(39.1%) 0.041

CKD, n(%) 102(87.9%) 95(81.9%) 84(73.0%) 0.015

CHF, n(%) 50(43.1%) 40(34.5%) 31(27.0%) 0.036
Previous AKI 32(27.6%) 26(22.4%) 11(9.6%) 0.002
Drug usage, n(%)

SGLT2 inhibitor 32(27.6%) 24(20.7%) 34(29.6%) 027

RAS blockers 32(27.6%) 46(39.7%) 42(36.5%) 0.13

Vitamin D analogues 77(66.4%) 36(31.0%) 34(29.6%) <0.001

BMI: body mass index; BP: blood pressure; WBC: white blood cell; Hb: hemoglobin; ALB: albumin; NT-pro BNP: N-Terminal Pro-Brain Natriuretic Peptide; HbAlc:
glycosylated hemoglobin; eGFR: estimated glomerular filtration rate; CHF: chronic heart failure; SGLT2: sodium-glucose co-transporter 2; RAS: renin-angiotensin

system

*P<0.05 compared to the high tertile group
**p<0.005 compared to the high tertile group
**¥P<0.001 compared to the high tertile group
#P<0.05 compared to the low tertile group

Cox regression models. After adjustment for age, gender,
BMI, NT-pro BNP, blood pressure, ALB, baseline eGFR,
and history of AKI, baseline 25(OH) D (1 ng/mL) as a
continuous variable was an independent predictor of AKI
(HR=0.96; 95% CI 0.93— 0.98).

When patients were tertiled by baseline serum 25(OH)
D, Kaplan—Meier analysis showed that time-to-AKI
was significantly shorter for patients in the low tertile
compared to patients in the middle and the high tertile
group (p<0.001, Fig. 3a). The difference in risk between
middle and high tertile groups did not reach statisti-
cal significance. In addition, baseline 25(OH)D as a cat-
egorical variable was used in multivariate Cox regression
models. The adjusted model included baseline eGFR, Hb,
previous AKI, CKD complication. As shown in Table 2,
the middle and high tertiles of baseline 25(OH)D lev-
els were associated with a significantly decreased risk of
AKI compared to the low tertile group (HR=0.25, 95%
CI 0.14-0.46; HR=0.24, 95% CI 0.13—0.44, respectively).
Age, sex, BMI, ALB, HbAlc, blood pressure, treat-
ment with SGLT?2 inhibitor, RAS blocker and vitamin D

analogues were removed as non-confounders. Consider-
ing CKD comorbidities significantly influence prognostic
outcomes, we made a sensitivity analysis excluding 66
cases without history of CKD. Similar trends were found
after excluding participants without CKD complication
(Supplemental Table 1).

Baseline serum 25(0OH)D and the risk for dialysis

During follow-up, 32 patients achieved the dialysis
endpoint. The Kaplan-Meier survival curves for the
secondary endpoint are shown in Fig. 3b. The cumula-
tive incidence of dialysis significantly decreased across
increasing tertiles of serum 25(OH)D (P<0.001), which
suggested that patients with a lower serum 25(OH)D
level had a worse kidney outcome. More specifically, in
pairwise comparison using the Log-rank test, the P-value
was 0.001 (the lowest vs. middle tertile), and <0.001 (the
lowest vs. highest tertile), respectively. The difference
in risk between middle and high tertile groups did not
reach statistical significance. The association between
the 25(OH)D level and risks for secondary outcome was
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Fig. 1 The distribution of 25(0H)D tertiles in different groups according to AKl etiology. No significant differences were found
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Fig. 2 The distribution of different stages of AKIl among groups. Compared to the middle and high tertile, patients in the low tertile had the highest rate
of stage 3 AKI (22 cases in the low tertile group, 12 and 8 cases in the middle and high tertile group, respectively; P<0.001)

further determined by the Cox proportional hazards
regression model (Table 2). After adjustment of baseline
eGFR, Hb, blood pressure, previous AKI, CKD compli-
cation, treatment with SGLT2 inhibitor, RAS blocker
and vitamin D analogues, we observed a significantly
decreased risk of dialysis in the middle and high tertile of
the serum 25(OH)D level (HR=0.15; 95% CI 0.05-0.46;
HR=0.12; 95% CI 0.03-0.42, respectively) compared with

the low tertile of the serum 25(OH)D level. Similar trends
were found after excluding participants without history
of chronic kidney disease (Supplemental Table 1).

The associations between baseline 25(0H)D level and
clinical outcomes of ESRD or mortality in AKI patients
To further evaluate the potential impact of serum
25(OH)D on long-term renal complications and survival
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Fig. 3 The risk for AKl and dialysis in strata of tertiles of the serum 25(OH)D levels. (a) Kaplan—-Meier analysis showed that time-to-AKI was significantly
shorter for patients in the low tertile compared to patients in the middle and the high tertile group (p <0.001). (b) The cumulative incidence of dialysis

significantly decreased in the middle and the high tertile group (P<0.001)

Table 2 Multivariate Cox regression for predicting the primary endpoint (AKI) and secondary endpoint (need-of dialysis)

variables Primary endpoint Secondary endpoint

HR(95%Cl) P HR(95%Cl) P
Tertile of 25(OH)D
Low(reference) 1.00 1.00
Middle 0.25(0.14-0.46) <0.001 0.15(0.05-0.46) <0.001
High 0.24(0.13-0.44) <0.001 0.12(0.03-042) <0.001
Baseline eGFR 0.98(0.95-1.01) <0.001 0.99(0.95-1.03) 0.11
Hb 0.99(0.97-1.08) 0.33 0.97(0.95-0.99) 0.009
Previous AKI 5.08(2.72-9.51) <0.001 3.83(1.19-12.36) 0.03

CKD complication 22.54(5.45-93.28)

<0.001 5.36(1.13-25.45) 0.04

eGFR was estimated using the MDRD equation. The covariates considered for adjustment included sex, age, BMI, blood pressure, ALB, baseline eGFR, Hb, HbA1c,
previous AKI history, CKD complication, treatment with SGLT2 inhibitor, RAS blocker and vitamin D analogues

in AKI patients, we followed up the 105 AKI patients for
6 months and dichotomized them based on their baseline
serum concentration of 25(OH)D, into two groups: levels
of 25(OH)D <15 ng/ml vs. 15 ng/ml or greater, which is
the thresholds for 25(OH)D deficiency. During a median
follow-up time of 25 weeks, 8 patients had renal function
recovered and stopped dialysis. The composite endpoint
of ESRD or all-cause death was reached by 20 patients
with 25(OH)D deficiency (46.5%) and 17 patients with-
out (27.4%). The causes of death were as follows: severe
infection (two patients), gastrointestinal bleeding (one
patient), heart failure (one patient), and myocardial
infarction (one patient). Kaplan-Meier survival curves
for the composite endpoint are shown in Fig. 4. Signifi-
cantly higher composite endpoint survival was observed
in patients with 25(OH)D>15ng/mL(P=0.015). Figure 5
shows the results of the Cox regression analysis. Haz-
ard ratios were adjusted for age, gender, baseline eGFR,
systolic blood pressure, use of insulin, infection, chronic
heart failure, and previous AKI history. The results
showed that patients with 25(OH)D deficiency were
associated with a higher risk for ESRD or all-cause death
(HR, 4.24; 95% CI, 1.80 to 9.97, P<0.001).

Discussion
In this study, we mainly analyzed the relationship
between the 25(OH)D level and the risk of AKI in
patients with diabetes mellitus, as well as the impact of
25(OH)D level on the progression of AKI. We identified
that low 25 (OH) vitamin D is associated with a higher
risk of AKI and need-of dialysis in patients with diabetes
mellitus. Furthermore, AKI patients with 25(OH)D defi-
ciency had a higher risk for ESRD or all-cause death.
Vitamin D deficiency and insufficiency is a global
health issue that afflicts more than one billion chil-
dren and adults worldwide [18]. It is worth noting that
vitamin D deficiency is one of the factors accelerating
insulin resistance formation and has been linked to the
onset of diabetes [19]. Vitamin D deficiency or insuffi-
ciency is highly prevalent among patients with diabetes
[20]. The Endocrine Society recommends that vitamin
D level be maintained at least above 75 nmol/L (30 ng/
mL), and preferably between 100 and 150 nmol/L (40—60
ng/mL) [21]. In our study, the average level of 25(OH)
D is 22.33+8.8ng/mL, which is significantly lower than
the recommended level. Cumulative evidence sug-
gests an association of a low 25(OH)D level with clinical
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Fig. 4 Kaplan Meier survival curves for the composite end point (ESRD or all-cause death) comparing AKI patients with 25(0H) vitamin D deficiency

(<15 ng/ml) to those with 25(0OH) vitamin D levels > 15 ng/ml. Significantly higher composite endpoint survival was observed in patients with 25(0OH)
D>15ng/mL(P=0.015)

Mutivariable analysis

P value HR 95%CI
gender(male vs female) - H_| 0.393 1437  0.63-3.30
age(260 vs <60 years) - I=—0—| 0.198 1.768 0.74-4 21
SBP(2140mmHg vs <140mmHg) n—| 0.494 1.271 0.64-2.52
25(0H)D<15ng/mLvs>15ng/mL ——H <0.001  4.236 1.80-9.97
eGFR <60 vs260ml/min/1.73m? - : . | <0.001 7914  2.62-15.22
insulin use(yes vs no) —K—l 0.683 0.761 0.21-2.83
AKI history(yes vs no) ] H—' 0.259 1.742 0.66-4.57
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Fig. 5 Association of the serum 25(0OH)D levels with HR of composite end point (ESRD or all-cause death). Cox regression analysis showed that patients
with 25(0OH)D deficiency were associated with a higher risk for ESRD or all-cause death after adjusting for age, gender, baseline eGFR, systolic blood pres-
sure, use of insulin, infection, chronic heart failure, and previous AKI history. eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; CHF,
chronic heart failure

parameters related to kidney damage. For example, Rav-  calcification, vascular endothelial function, cardiovas-
ani et al. found that the baseline level of 25(OH)D was  cular events, and cardiovascular mortality [22, 23]. The
directly and significantly correlated with eGFR [12]. Fur- large NHANES (National Health and Nutrition Examina-
thermore, vitamin D deficiency was linked to vascular  tion Survey) III cross-sectional study revealed an inverse
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relationship between 25(OH)D levels and blood pressure
after adjusting for common confounders [24]. Moreover,
in observational studies, lower 25(OH)D concentra-
tions were associated with infectious disease. For exam-
ple, Mehmet et al. found that vitamin D deficiency may
increase the risk of COVID-19 infection and the likeli-
hood of severe disease [25]. Our observations at baseline
revealed that patients with low 25(OH)D level tended to
have higher blood pressure, higher NT-pro BNP, lower
eGFR, and were more likely to have infection and chronic
heart failure at baseline, which are consistent with these
previous reports. Given that cardiovascular disease and
infections are highly prevalent and account for the major
reasons of death among patients of diabetes, we advo-
cate future studies evaluating the association of 25(OH)
D level with the primary endpoint of cardiovascular dis-
eases or infections in this population.

Despite the intensive research efforts of recent years,
there are no effective treatments specifically for AKI
beyond supportive care. This inertia has prompted the
well-known International Society of Nephrology’s 0 by
25 initiative, which aims to zero preventable deaths from
AKI by 2025 [26]. The initiative stresses the delineation
of AKI under the “5 Rs,” ie., risk assessment, recogni-
tion, response, renal support, and rehabilitation. For the
risk assessment, several risk factors such as age, higher
BMI, pre-existing CKD, hypertension, higher HbAlc,
using angiotensin-converting enzyme inhibitors or
angiotensin II receptor blockers (ACEIs/ARBs) or other
comorbid conditions were demonstrated to be associ-
ated with the occurrence of AKI in DM. In our study, we
identified that 25 (OH) vitamin D deficiency is an inde-
pendent risk factor of AKI and is predictive of the need
for dialysis in patients with diabetes mellitus. Sensitiv-
ity analysis excluding the patients without CKD showed
similar trends. Similarly, Andrea et al. found deficiency of
25-hydroxyvitamin D prior to hospital admission is a sig-
nificant predictor of acute kidney injury and mortality in
a critically ill patient population [13]. Moreover, a large-
scale, prospective study including 413,169 UK adults
showed serum 25(OH)D concentrations was inversely
associated with new-onset AKI, independent of genetic
risks for kidney diseases [27]. A meta-analysis [28] sug-
gested that serum 1,25(OH),D levels, rather than 25(OH)
D, is significantly lower in AKI patients than in those
without AKI, which is inconsistent with our study. How-
ever, 1,25(0OH)2D is less often measured in the clinical
practice due to its short half-life, so as in our center. We
think 25(OH)D is more acceptable for clinical reference.
Furthermore, the population included in our study are
the patients with diabetics, while the population included
in the meta-analysis are diverse. This may partially
explain the inconsistence of the results. To the best of
our knowledge, this is the first study evaluating this issue
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in the diabetes population. Since vitamin D deficiency is
easily modifiable and nutritional vitamin D is cost-effec-
tive, our conclusions, if validated, would facilitate the
economic management of diabetes to some extent.

AKI episodes are linked to a cumulative risk of devel-
oping advanced CKD and increased mortality in DM,
independent of other major risk factors of CKD pro-
gression. Our previous study including 916 AKI in DM
patients, showed that 66.8% did not recover kidney func-
tion at 90 days [29]. Some studies found that vitamin D
deficiency can exacerbate pre-existing AKI by deteriorat-
ing the renal vascular condition, and it can accelerate the
AKI-to-CKD progression via both an increased TGF-1
signaling and a decreased VDR and Klotho [30]. Braun
et al. found that 25(OH)D can act as an independent
prognostic biomarker of 30-day mortality [13]. Similarly,
Zapatero et al. showed that lower levels of serum 25(OH)
D were more common in non-survivor AKI patients,
indicating serum 25(OH)D acted as a prognostic bio-
marker of mortality (best cutoff value=10.9 ng/ml) [31].
In our study, we identified that patients in the low tertile
of 25(OH)D had the highest rate of stage 3 AKI. 25(OH)
D deficiency is associated with a higher risk for the com-
posite clinical endpoint of all-cause death or ESRD in
patients with AKI. This predictability is not only inde-
pendent of other important risk factors relevant to renal
progression but is also unaffected by infection, chronic
heart failure, and previous AKI history. There is plenty
of evidence that supports the idea that vitamin D supple-
mentation can help improve the prognosis of patients
with CKD [32]. However, we still have limited informa-
tion on how vitamin D supplementation can affect the
clinical outcomes of patients with AKIL. Xu et al. studied
the effect of pre-treatment with VitD on liposaccharide
(LPS)-induced AKI mice and found that it can attenuate
AKI through an anti-oxidative mechanism via increasing
glutathione (GSH), superoxide dismutase (SOD)-1, and
SOD-2 and via decreasing nitric oxide synthase (iNOS),
p47phox, and gp91phox (subunits of renal NADPH oxi-
dase) and an anti-apoptotic mechanism [33]. Although
VitD seems to ameliorate AKI, its administration should
be performed with extreme caution. Hypervitaminosis
D can significantly afflict kidney function by inducing
hypercalcemia and hyperphosphatemia. Therefore, we
urge researchers to conduct future studies that focus on
determining the therapeutic protocols of vitamin D as a
treatment for AKI and its potential adverse effects.

Limitations of the current study need to be mentioned.
First, our study is an retrospective observational study.
We may have less control over variables compared to
prospective studies, thus impacting the validity of con-
clusions, and causality cannot be inferred. The patients
included in our study were hospitalized patients, and
quite a number of them were complicated with infection
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and heart failure (two of the main causes of hospitaliza-
tion for diabetics), thus, selection bias may be present.
The conclusions may not be applicable to broader DM
populations due to specific sample characteristics. Sec-
ond, despite adjustment for multiple potential confound-
ers, residual confounding of unmeasured variables might
lead to observed differences in outcomes. Specifically,
vitamin D deficiency may simply be a reflection of the
overall poor condition of the patient, for which we can-
not fully adjust. Third, serum 25(OH)D was only assessed
at baseline. More frequent measurements of 25(OH)
D concentrations would have allowed a more accurate
assessment of its long-term effects. A well-designed pro-
spective study should be conducted to evaluate the time-
weighted average (TWA) of the serum 25(OH)D level to
reinforce the findings. Finally, our study did not address
the vitamin D treatment effect, thus an adequately pow-
ered randomized controlled trial should be designed to
determine whether 25(OH) vitamin D therapy is able to
reduce the risk of AKI and improve the long-term out-
comes in patients with DM.

Conclusion

Our data suggested that low 25 (OH) vitamin D is associ-
ated with a higher risk of AKI and is predictive need for
dialysis in patients with diabetes mellitus. AKI patients
with 25(OH)D deficiency were associated with a higher
risk for ESRD or all-cause death. We call for further pro-
spective studies and trials to: (1) determine the relation
between 25 (OH) vitamin D and cardiovascular disease
and infection in patients with diabetes, (2) find the best
cutoff points with the most significant statistic impor-
tance, and (3) determine the therapeutic protocols of
vitamin D as treatment of AKI and its potential adverse
effects.
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