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Background: Diabetic kidney disease often presents as increased urine albumin to creati-
nine ratio (UACR). 25-hydroxyvitamin D (25(OH)D) is considered as the best indicator of
vitamin D status. Previous studies have shown that 25(OH)D is related to the UACR.
However, evidence concerning the connection between 25(OH)D and UACR is still limited
in the Chinese population.

Materials and Methods: A total of 549 participants with type 2 diabetes were enrolled in
the study from Shenzhen People’s Hospital, China. The participants were grouped by the
tertiles of 25(OH)D level. The association between 25(OH)D and UACR was examined by
multiple linear regression. A generalized additive model (GAM) was used to verify a non-
linear relationship. We conducted a subgroup analysis to evaluate the robustness of the
results.

Results: After adjusting for relevant variables, 25(OH)D was negatively correlated with
UACR (B =-8.7, 95% CI (—12.0, —5.4)). A non-linear relationship was discovered between
25(0OH)D and UACR, and the 25(OH)D threshold was 67. The effect sizes and confidence
intervals on the left and right sides of the inflection point were —13.9 (—=18.2, —9.6) and 8.9
(—1.1, 18.9), respectively. Subgroup analysis showed a stronger correlation could be detected
in males. The same trend also could be found in patients older than 70 years old, those with
using ACEI/ARB, with history of hypertension, with SBP >140 mmHg and eGFR <60 mL/
min/1.73m’.

Conclusion: The relationship between 25(OH)D and UACR is non-linear. 25(OH)D was
negatively related to UACR when 25(OH)D is less than 67 nmol/L.

Keywords: 25-hydroxyvitamin D, urine albumin to creatinine ratio, nonlinearity

Introduction

Diabetes mellitus (DM) has become one of the most common chronic diseases in
the world. According to the diabetes atlas of the International Diabetes Federation
(IDF) in 2019, there are approximately 463 million diabetics globally. With an
average growth of 51%, the number of cases in China has reached 116.4 million,
ranking first in the world.! Diabetic kidney disease (DKD) is the most common
microvascular complication in type 2 diabetes mellitus (T2DM), and it is leading
the cause of chronic kidney disease (CKD) and end-stage renal disease (ESRD).”
The American Diabetes Association (ADA) defines DKD as chronic kidney disease
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caused by diabetes, which is typically marked by an esti-
mated glomerular filtration rate (¢GFR) less than 60 mL/
(min -1.73m?), or UACR higher than 30mg/g for more
than 3 months duration.” Once DKD is diagnosed, the
mortality rate will increase significantly.* Therefore,
early detection and screening of DKD is of great practical
significance to delay its progress.’

25(0OH)D is synthesized by 25-hydroxylase catalyzing
vitamin D, which is considered as the best indicator of
vitamin D status.® Growing studies have suggested that vita-
min D can stimulate insulin synthesis and secretion, so the
low level of serum 25(OH)D is linked to impaired glucose
and insulin metabolism. Vitamin D supplementation can help
alleviate insulin resistance.” '® Increased UACR is the main
clinical characteristic of DKD, and it can reflect the early
kidney changes in T2DM.? In recent years, researchers have
revealed that the level of serum 25(OH)D is closely related to
DKD, and vitamin D deficiency is an independent risk factor
for DKD.'"'? The Third National Health and Nutrition
Examination Survey (NHANES III) found that vitamin
D deficiency would increase the risk of albuminuria.'
A meta-analysis presented that vitamin D supplementation
can reduce UACR in chronic kidney disease.'* Previous
studies have shown that the intrarenal renin-angiotensin sys-
tem (RAS) is the crucial mediator of progressive renal injury,
especially proteinuria in DKD.'® Vitamin D receptor (VDR)
mediates the activity of vitamin D, and both VDR agonists
and RAS inhibitors can delay the progress of DKD and
reduce urine protein in a diabetic mouse model.'®!”
Diabetic mice with a VDR deletion mutation end up with
severe renal damage due to increased RAS activity in the
kidney.'®

Some researchers have revealed that serum 25(OH)D is
negatively correlated with UACR,'”?° but they did not
investigate the linear and nonlinear relationships between
25(OH)D and UACR in T2DM. Therefore, our research
set out to study whether 25(OH)D is independently linked
to UACR and the deeper relationships between 25(OH)D
and UACR in T2DM from China. Our findings may pro-
vide evidence for enhanced DKD prevention and treatment
in the Chinese population.

Methods
Research Design and Selected
Participants

A cross-sectional study was performed to address the
relationship between 25(OH)D and UACR in our research.

The target-independent variable is serum 25(OH)D, and
the dependent variable is UACR. The data of participants
with T2DM were non-selectively and consecutively col-
lected from Endocrinology Department, Shenzhen
People’s Hospital, Shenzhen, China. The data in the data-
base was anonymous in order to protect participants’ priv-
acy. Data is stored in the hospital’s electronic medical
record system. Since this is a cross-sectional study, the
possibility of selection bias and observation bias is
reduced. The hospital institutional review board agreed
and approved the implementation of the study. For such
research, according to national laws and institutional
requirements, no formal consent is required. The study
also preserved patients’ privacy and kept it confidential
in accordance with the Declaration of Helsinki.*' A total
of 765 participants were involved in the study before we
screened participants according to inclusion and exclusion
criteria. The participants were selected if they 1) were
diagnosed with T2DM consistent with the 1999 World
Health Organization (WHO) diagnostic criteria, 2) were
> 18 years old when first diagnosed with diabetes, 3) did
not experience any hemodialysis or peritoneal dialysis
treatment, and 4) had complete records of both 25(OH)D
and UACR. The exclusion criteria included: uremia,
malignancy, stroke, cardiovascular disease, renal trans-
plant, renal vascular disease, urinary tract obstruction,
hyperparathyroidism, hypoparathyroidism, abnormal cal-
cium metabolism and pregnancy. None of the participants
received calcium supplementation, vitamin
D supplementation, anti-osteoporosis therapy, or hormone
replacement therapy. Finally, 549 participants were
selected for the data analysis based on the inclusion and

exclusion criteria.

General Clinical Features

We reviewed the medical history of each patient. We
recorded the following date: gender, age, diabetic duration,
family history of diabetes, history of hypertension,
Angiotensin-Converting Enzyme Inhibition/Angiotensin
Receptor Blocker (ACEI/ARB) use,
cotransporter 2 (SGLT-2) inhibitor use, glucagon-like pep-

sodium-glucose

tide 1 (GLP-1) receptor agonists use, weight, height, sys-
tolic blood pressure (SBP), and diastolic blood pressure
(DBP). After resting for at least 20 minutes on admission,
SBP and DBP were measured at the right brachial artery
by using mercury. Height and weight were obtained using
standard procedures. According to the general standard,
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body mass index (BMI) is calculated by weight (kg)/
height (m?).

Laboratory Measurements

After fasting for at least 8 hours, the venous blood was
collected to detect serum 25(OH)D level, fasting blood glu-
cose (FBG), glycosylated hemoglobin (HbAlc), fasting
C peptide (FCP), serum uric acid (SUA), serum creatinine
(SCr), serum calcium, total cholesterol (TC), triglyceride
(TG), high-density lipoprotein (HDL), and low-density lipo-
protein (LDL) in the clinical laboratory of Shenzhen People’s
Hospital. Estimated glomerular filtration rates (¢GFR) were
calculated using SCr levels determined by the simplified
MDRD formula as follows: eGFR [mL/(min -1.73m?)]
=186 x (SCr/88.4) ~ '3 x age ~ %2 for male, and eGFR
was multiplied by 0.742 for female. Enzymatic methods
were applied to measure FBG, SCr, SUA, TG, TC, HDL,
and LDL. HbAlc was determined by high-performance
liquid chromatography, and FCP was measured by radio-
immunoassays. Determination of serum calcium level by
ion electrode method. Electrochemiluminescence was used
to determine 25(OH)D. We use the LIAISON chemilumines-
cence analyzer to detect 25(OH)D. The instrument was pro-
vided by Stillwater, Minnesota, America. We use 25-hydroxy
total vitamin D control set to ensure the precision, accuracy
and performance, in accordance with the operation manual of
the automatic chemiluminescence analyzer. According to the
NCCLS-EP5-A2 and the American Clinical Laboratory
Standardization Institute (CLSI), precision verification was
carried out. At the same time, the accuracy was verified by
the RIQAS international inter-office quality assessment. So,
the performance of the instrument can be objectively evalu-
ated. The morning urine samples of participants were col-
lected for 2 consecutive days, and the UACR levels were
measured by immunoturbidimetry. The mean UACR of 2
days was used for analysis.

Ankle brachial index (ABI) was measured by an auto-
matic waveform analyzer (Parry Medical Technology,
PERIMED AB, PF5001, Sweden).

The vibration perception threshold (VPT) was measured
by a digital vibration threshold detector (Dimeidel
Technology, Sensiometer A200, Beijing, China). When
VPT was < 10V, it was defined as fine; 10V < VPT < 15V
was defined as mild; 15V < VPT < 25V was defined as
moderate; VPT > 25V was defined as severe. ABI and VPT
were measured by the same nurse in the Endocrinology
Department.

Statistical Analysis

The first step was to deal with missing values for other
variables. If the missing data were continuous variables,
we would supplement them with mean or median. If they
were categorical variables, we treated the missing data as
a new set of categorical variables, which was represented by
NA.?

Then, all the participants were stratified by tertiles of 25
(OH)D. Continuous variables were expressed as mean =+
standard deviation (normal distribution) or median (quar-
tile) (skewed distribution). Categorical variables were
expressed as frequency or percentages. One-way ANOVA
(normal distribution), Kruskal-Wallis H (skewed distribu-
tion) test and chi-square tests (categorical variables) were
used to identify the differences among different 25(OH)D
groups. We use the multiple linear regression model to
study the effect of 25(OH)D on UACR, and 95% confi-
dence intervals (CI) of adjusted effect size (B) were used to
describe the level of UACR. At the same time, we pre-
sented the results of not adjusted, partially adjusted, and
completely adjusted models based on the recommendation
of the STROBE statement.”> When the corresponding
effect size (B) changed by at least 10%, the covariances
needed to be adjusted.>* We also performed a sensitivity
analysis to verify the robustness of the data analysis. We
converted the 25(OH)D value into a categorical variable by
tertile in order to calculate the P for trend. Because 25(OH)
D was a continuous variable, we also tried to use the
generalized additive model (GAM) to identify the non-
linear relationship between 25(OH)D and UACR. If the
relationship was nonlinear, a two-piecewise linear regres-
sion model was performed to calculate the threshold effect
of 25(OH)D on UACR based on the smoothing plot. When
the relationship between 25(OH)D and the UACR level
began to change and became conspicuous in a smoothed
curve, the recursion algorithm would automatically calcu-
late the saturation level of 25(OH)D, where the maximum
model likelihood will be used. In addition, the best model
was determined by the P-value of log-likelihood ratio tests.
If the P-value of the log-likelihood ratio test was less than
0.05, it was judged that there was a significant difference
between the linear fitting model and the non-linear fitting
model, and the non-linear fitting model was needed to
calculate the relationship between 25(OH)D and UACR.
We also used hierarchical interaction analysis to further
explore the robustness of the results in different subgroups
(gender, age, diagnostic duration, ACEI/ARB use, SGLT-2
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inhibitor use, GLP-1 receptor agonists use, history of
hypertension, SBP, DBP, and eGFR). We converted con-
tinuous variables into categorical variables based on clin-
ical point cut or binary. In addition to the stratification
factors themselves, each stratification was adjusted for all
affected factors. The likelihood ratio test was used to
examine the modification and interaction of each subgroup.
All of the analyses were performed with the statistical
software package R (http://www. R-project.org, The
R Foundation) and Empower-Stats (http:/www.empower
stats.com, X&Y Solutions, Inc., Boston, MA). P values
less than 0.05 were considered statistically significant.

Results

Selected Participants

We collected information from T2DM aged 18-90 years
old hospitalized in the Endocrinology Department of
from July 2018 to
April 2019. Finally, 549 patients were included in the

Shenzhen People’s Hospital
study based on the strict inclusion and exclusion criteria
(Figure 1).

Baseline Characteristics

The average age of participants included in the study was
58 + 12 years old, of which 61.4% were male, and 38.6%
were female. The average level of 25(OH)D is 53.6 nmol/
L, and the average level of UACR is 217.4 mg/g. The
missing data of other indicators are as follows, 5 missing
HbAlc, 14 missing SUA, 3 missing TG, TC, HDL, LDL,
22 missing VPT, and 28 missing ABI. We divided the
participants into subgroups using the 25(OH)D tertiles (<
46.2, 46.3-61.3, > 61.3). The baseline characteristics of
the 549 participants by tertiles of 25(OH)D levels are
displayed in Table 1. We found that patients with the
highest 25(OH)D levels commonly had lower UACR,
FBG, HbAlc, TG, TC, and LDL levels, while they had
a longer diabetes duration, higher HDL and ABI (right).
No Statistical significances were found in gender, age,
blood pressure (both SBP and DBP), BMI, FCP, SCr,
eGFR, serum calcium, SUA, ABI (left), family history of
diabetes, history of hypertension, ACEI/ARB use, SGLT-2
inhibitor use, GLP-1 receptor agonists use and VPT among
the different 25(OH)D groups.

Univariate Analysis
The univariate analysis is presented in Table 2. We found
SBP, DBP, FCP, SCr, SUA, TG, TC, and LDL levels were

positively correlated with UACR, while 25(OH)D, eGFR
and ABI (left and right) were negatively correlated with
UACR. Furthermore, we found that females had lower
UACR levels than males, but the history of hypertension
and using ACEI/ARB had higher UACR levels.

The Relationship Between 25(OH)D and
UACR

A multiple linear regression model was used to evaluate
the relationship between 25(OH)D and UACR, including
not adjusted and adjusted models, which are shown in
Table 3. 25(OH)D showed a negative correlation with
UACR (B= —13.0, 95% confidence interval (CI): —16.5 to
—9.4, P <0.01) in the crude model. Compared with the
crude model, model I (adjusted gender, age) showed no
obvious changes (B= —13.0, 95% CI: —16.5 to —9.4,
P<0.01). In model II, after adjusting for all variables
(adjusted gender, age, diabetic duration, history of hyper-
tension, ACEI/ARB use, SGLT-2 inhibitor use, GLP-1
receptor agonists use, FBG, FCP, SBP, DBP, SCr, serum
calcium, TG, LDL, SUA, ABI, and VPT), we still found
the same correlation (B= —8.7, 95% CI: (—12.0 to —5.4,
P<0.01). In other words, for every 1 nmol/L increased in
25(0OH)D, UACR decreased by 8.7 mg/g. For the sake of
used 25(OH)D as
a categorical variable (tertiles). In model II, compared

sensitivity analysis, we also
with the T1 (reference group), the estimated decrease of
UACR in the T2 and T3 were 197.9 and 253.5, respec-
tively, and we found that the trend between the tertiles was
significant (P for trend was <0.01). The results were not
consistent with the results of 25(OH)D as a continuous
variable. The non-equidistant variation of the effect size
indicated that there might be a nonlinear relationship
between 25(OH)D and UACR.

Non-Linear Relationship Between 25
(OH)D and UACR

In this study, as 25(OH)D is a continuous variable, we also
used the generalized additive model (GAM) to judge if it
existed a non-linear relationship between 25(OH)D and
UACR. The smooth curve through the analysis of GAM
showed that 25(OH)D had a non-linear relationship with
UACR (adjusted for gender, age, diabetic duration, history
of hypertension, ACEI/ARB use, SGLT-2 inhibitor use,
GLP-1 receptor agonists use, FBG, FCP, SBP, DBP, SCr,
serum calcium, TG, LDL, SUA, ABI (left), ABI (right),
and VPT) (Figure 2). We compared the linear regression
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model and two-stage linear regression to analyze the rela-
tionship between 25(OH)D and UACR. The P for the log-
likelihood ratio is less than 0.01 (Table 4). We detected
that the inflection point of 25(OH)D was 67 in a two-stage
linear regression model. On the left side of the inflection
point, 25(OH)D was negatively correlated with UACR (B=
—13.9, 95% CI: —18.2 to —9.6, P < 0.01), while on the right
side, no association was found between 25(OH)D and
UACR (B= 8.9, 95% CI: —1.1 to 18.9, P=0.08).

Subgroup and Interaction Analysis

We explored other factors that might affect the association
between 25(OH)D and UACR by subgroup analysis. We
used gender, age, diabetic duration, ACEI/ARB use, SGLT-

2 inhibitor use, GLP-1 receptor agonists use, history of
hypertension, SBP, DBP, and ¢GFR as stratified variables to
explore the trend of effect sizes in these variables (Figure 3).
We found interactions for gender, age, ACEI/ARB use, his-
tory of hypertension, SBP, and eGFR (all P values for inter-
action < 0.05). Stronger associations between 25(OH)D and
UACR were present in the male, > 70 years old, patients with
ACEI/ARB use, patients with history of hypertension,
patients with SBP >140 mmHg, and patients with eGFR <
60mL/min/1.73m?. Weaker associations were apparent in
females, > 50 and < 60 years old, patients with no ACEl/
ARB use, patients with no history of hypertension, patients
with SBP <140mmHg, and patients with eGFR > 60 mL/
min/1.73m’.

765 type 2 diabetes patients enrolled

138 excluded
6 less than 18-years-old
132 missing 25(OH)D or UACR data

A4

627 basal subjects analyzed in the study

32 excluded
20 with uremia
12 experienced hemodialysis or

peritoneal dialysis treatment

A 4

595 participants remaining

\ 4

46 excluded
25 with malignancy, stroke, cardiovascular
disease, renal vascular disease, urinary
tract obstruction, hyperparathyroidism
or hypoparathyroidism
21 received calcium supplementation,

vitamin D supplementation or anti
osteoporosis therapy

A 4

549 participants analyzed in the study

Figure | Flowchart of research participants selection.
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Table | The Baseline Characteristics of Participants According to 25(OH)D Tertiles

25(OH)D, nmol/L Tl (< 46.2) T2 (46.3-61.3) T3 (> 61.3) P-value
Participants, n 182 184 183
Age, year 58 £ 13 58+ 13 59+ 10 0.41
SBP, mmHg 128 + 20 128 + I8 126 + 19 0.58
DBP, mmHg 79 %11 79 £ 11 78 £ 11 0.26
BMI, kg/m? 25+ 3.7 25+32 24 £ 30 0.12
Diabetic duration, years 10 (5-16) 10 (4-16) Il (7-18) 0.04
FBG, mmol/L 86+ 34 83 3.1 74+26 <0.01
FCP, ng/mL 1.8 (1.2-2.6) 1.9 (1.2-2.6) 1.8 (1.1-2.7) 0.88
HbAlc, % 92+24 89 +22 81 %19 <0.01
SCr, umol/L 85 + 52 80 + 33 78 + 24 0.17
eGFR, mL/min/1.73m? 86 + 28 87 +24 87+ 19 0.93
Serum calcium, mmol/L 23 0.1 227 £0.11 229 £0.10 0.20
SUA, umol/L 357 £ 96 341 £ 86 343 £ 92 0.20
UACR, mg/g 18 (7.0-165) 12 (5.9-31) 8.8 (4.7-23) <0.01
TG, mmol/L 1.7 (1.3-3.0) 1.5 (1.1-2.1) 1.2 (0.88-1.7) <0.01
TC, mmol/L 50% 1.6 47 £12 4212 <0.01
HDL, mmol/L I.I £0.52 1.2 £ 0.59 1.3 +0.50 <0.01
LDL, mmol/L 29+ 1.2 2.9 £0.96 2.5+ 1.00 <0.01
ABI (left) I.I £0.16 I.I £0.15 I.1 £0.14 0.11
ABI (right) I.1 £0.16 I.1 £0.14 I.1 £0.16 0.02
Gender (n, %) 0.98

Male 112 (61.5%) 112 (60.9%) 113 (61.8%)

Female 70 (38.5%) 72 (39.1%) 70 (38.2%)
Family history of diabetes (n, %) 0.31

Yes 83 (45.6%) 79 (42.9%) 93 (50.8%)

No 99 (54.4%) 105 (57.1%) 90 (49.2%)
History of hypertension (n, %) 0.24

Yes 103 (56.6%) 88 (47.8%) 95 (51.9%)

No 79 (43.4%) 96 (52.2%) 88 (48.1%)
ACEI/ARB use (n, %) 0.20

Yes 77 (42.3%) 72 (39.1%) 61 (33.3%)

No 105 (57.7%) 112 (60.9%) 122 (66.7%)
SGLT-2 inhibitor use (n, %) 0.88

Yes 9 (5.0%) Il (6.0%) Il (6.0%)

No 173 (95.0%) 173 (94.0%) 172 (94.0%)

(Continued)
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Table | (Continued).
25(OH)D, nmol/L Tl (< 46.2) T2 (46.3-61.3) T3 (>61.3) P-value
GLP-I receptor agonists use (n, %) 0.87
Yes 14 (7.7%) 17 (9.2%) 15 (8.2%)
No 168 (92.3%) 167 (90.8%) 168 (91.8%)
VPT (n, %) 0.51
Fine 84 (46.1%) 86 (46.7%) 94 (51.4%)
Mild 44 (24.2%) 48 (26.1%) 52 (28.4%)
Moderate 34 (18.7%) 29 (15.8%) 26 (14.2%)
Severe Il (6.0%) 14 (7.6%) 5 (2.7%)
NA 9 (5.0%) 7 (3.8%) 6 (3.3%)

Notes: Continuous data are shown as mean * SD (normal distribution) or median (quartile) (skewed distribution). Categorical data are shown as n (%).

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; FCP, Fasting
C peptide; SCr, Serum creatinine; eGFR, estimated glomerular filtration rate; SUA, serum uric acid; UACR, urine albumin creatinine ratio; FCP, fasting C peptide; TG,
triglyceride; TC, total cholesterol; HDL, high density lipoprotein; LDL, low-density lipoprotein; ABI, ankle brachial index; ACEI, angiotensin converting enzyme inhibitor;
ARB, angiotensin receptor blocker; SGLT-2, sodium-glucose cotransporter 2; GLP-1, glucagon-like peptide |; VPT, Vibration perception threshold; DKD, diabetic kidney

disease; DR, diabetic retinopathy; NA, not available.

Discussion
The findings revealed 25(OH)D was negatively associated
with UACR in T2DM after adjusting for relevant variables
in a linear regression model. When 25(OH)D increased by
1 nmol/L, UACR decreased by 8.7 mg/g. In addition, for
the sake of sensitivity analysis, we also discovered that 25
(OH)D had a non-linear relationship with UACR because
the trend of the effect sizes was inconsistent between the
two sides of the GAM model [left (B= —13.9, 95% CI:
—18.2 to —9.6, P < 0.01); right (= 8.9, 95% CI: —1.1 to
18.9, P=0.08)]. Our result indicated a saturation effect on
the independent correlation between 25(OH)D and UACR.
And we obtained the threshold of 25(OH)D was 67 nmol/
L. When 25(OH)D < 67 nmol/L, 25(OH)D were nega-
tively correlated with UACR, 25(OH)D increased by
Inmol/L, UACR decreased by 13.9mg/g. While 25(OH)
D > 67 nmol/L, the correlation between 25(OH)D and
UACR was no significant. Subgroup analysis was used to
better understand trends in serum 25(OH)D and UACR
levels in different populations. Stronger associations were
noted for males, >70 years old, patients with ACEI/ARB
use, with history of hypertension, SBP >140 mmHg, and
patients with eGFR < 60mL/min/1.73m?. Weaker associa-
tions were noticed in females, >50 and < 60 years old,
patients with no ACEI/ARB use, with no history of hyper-
tension, SBP <140mmHg, and patients with eGFR >
60 mL/min/1.73m’.

Serum 25(OH)D level test has been generally acknowl-
edged as the most reasonable indicator of vitamin D status.
At present, it is generally accepted that serum 25(OH)D

<50 nmol/L is vitamin D deficiency, 50-75 nmol/L is
insufficiency, and > 75nmol/L is sufficient.>> According
to this standard, it is estimated that approximately 50-80%
of the global population suffers from vitamin D deficiency
or insufficiency due to aging, diet composition, insufficient
sun exposure, reduced outdoor exercise and other causes.*
The phenomenon of vitamin D deficiency or insufficiency
is especially common in China, and it varies greatly from
region to region.”’ > Existing studies have indicated that
low serum 25(OH)D level was associated with increased
risk of macrovascular, microvascular disease events, and
peripheral neuropathy in T2DM.*'*? 25(OH)D level is
closely related to the occurrence of diabetic complications.

In recent years, studies have illustrated the relationship
between 25(OH)D and UACR. Some prospective observa-
that
D supplementation can significantly reduce UACR in
T2DM in the United Kingdom.>* A multinational, pla-
cebo-controlled, double-blind trial came to the same

tional  studies  have  reported vitamin

conclusion.*® In the Chinese population, Wan et al sug-
gested that lower serum 25(OH)D concentrations were
increased UACR in
a sample of 4767 diabetic participants in a cross-
study
confounders.>® Similar findings were also reported in the

significantly associated with

sectional after  adjusting for  potential
studies of Peng and Xie et al in China.'”*® Our multiple
linear regression model showed a significant and strong
association between 25(OH)D and UACR, consistent with
these findings. However, some additional studies are

inconsistent with our findings. Joergensen et al reported
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Table 2 The Results of Univariate Analysis of UACR

Statistics B (95% CI) P-value
Age, year 58 + 12 29 (2.7, 84) 0.31
SBP, mmHg 128 = 19 10.3 (7.0, 13.6) <0.01
DBP, mmHg 79 £ 11 6.2 (0.1, 12.2) 0.04
BMI, kg/m? 25+ 33 11.9 (-7.9, 31.8) 0.24
Diabetic duration, years 12+ 15 29 (-1.6,7.3) 0.20
FBG, mmol/L 8.1 £ 3.1 —18.4 (—-39.8, 3.0) 0.12
FCP, ng/mL 20+ 1.2 85.7 (32.8, 138.6) 0.00
HbAlc, % 88+22 17.6 (—12.4, 47.6) 0.25
SCr, umol/L 8l 38 10.5 (9.0, 12.0) <0.01
eGFR, mL/min/1.73m? 87 + 24 —12.8 (-15.3, —10.2) <0.01
Serum calcium, mmol/L 23 £0.11 —599.6 (—1213.8, 14.5) 0.06
SUA, umol/L 346 + 92 1.27 (0.5, 2.0) <0.01
25(0OH)D, nmol/L 54+ 18 —13.0 (-=16.5, —9.4) <0.01
TG, mmol/L 2.1 £24 38.2 (10.6, 65.9) 0.01
TC, mmol/L 46+ 1.4 107.1 (59.2, 155.0) <0.01
HDL, mmol/L 1.2 £ 0.54 —24.5 (—146.3, 97.4) 0.69
LDL, mmol/L 28 £ |.1 87.8 (26.2, 149.5) 0.01
ABI (left) I.1 £0.15 —1512.7 (—1933.6, —1091.9) <0.01
ABI (right) I.1 £0.16 —1341.0 (—1753.9, —928.2) <0.01
Gender (n, %)
Male 337 (61.4%) Ref
Female 212 (38.6%) —229.1 (—363.8, —94.4) <0.01
Family history of diabetes (n, %)
No 294 (53.6%) Ref
Yes 255 (46.4%) 47.0 (—85.8, 179.8) 0.49
History of hypertension (n, %)
No 263 (47.9%) Ref
Yes 286 (52.1%) 302.5 (172.3, 432.7) <0.01
ACEI/ARB use (n, %)
No 339 (61.8%) Ref
Yes 210 (38.2%) 335.3 (201.9, 468.7) <0.01
SGLT-2 inhibitor use (n, %)
No 518 (94.4%) Ref
Yes 31 (5.6%) —121.5 (—408.4, 165.4) 0.41
GLP-I receptor agonists use (n, %)
No 503 (91.6%) Ref
Yes 46 (8.4%) —129.7(—368.6, 109.2) 0.29
(Continued)
2588  "tes Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

Dove!



https://www.dovepress.com
https://www.dovepress.com

Dove Liang et al
Table 2 (Continued).
Statistics B (95% CI) P-value
VPT (n, %)
Fine 264 (48.1%) Ref
Mild 144 (26.2%) 121.5 (—38.9, 282.0) 0.14
Moderate 89 (16.2%) 144.0(—45.8, 333.8) 0.14
Severe 30 (5.5%) 269.6 (~28.7, 568.0) 0.08
NA 22 (4.0%) 174.7 (-169.0, 518.3) 0.32

that severe vitamin D deficiency was not associated with
UACR
studies.’’*® We analyzed the researches that are inconsis-

in two prospective observational follow-up
tent with our findings. We speculated that the different
results might be due to the following factors: 1) the
study population and methods were diverse. The inconsis-
tent studies were prospective observational studies in
Denmark. 2) These other studies did not clarify the non-
linear relationship between 25(OH)D and UACR. 3)
Compared with our work, these studies did not take into
account the effect of FCP, SBP, DBP, diabetic duration,
history of hypertension, ACEI/ARB use, SGLT-2 inhibitor
use, GLP-1 receptor agonists use, TG, LDL, SUA, ABI,
and VPT on 25(OH)D and UACR. However, previous
studies have confirmed that these variables are related to
25(OH)D and UACR. Ultimately, our findings further
confirmed that 25(OH)D is significantly associated with
UACR in a Chinese cohort.

Several mechanisms could explain the association
between the 25(OH)D and DKD. In vitro, compared with
diabetic wild-type mice, vitamin D receptor knockout dia-
betic mice had more and

severe  proteinuria

glomerulosclerosis, which occurred via thickening of the
glomerular basement membrane coupled with elevated
production of renin and angiotensinogen.*® Furthermore,
25(OH)D can decrease proteinuria by suppressing the
renin-angiotensin system (RAS) and TGF-f in mesangial
and juxtaglomerular cells.>® Ruster et al reported that 25
(OH)D partially antagonized nuclear factor kB activation
induced by advanced glycation end products (AGEs) in
mouse podocytes.*

In the present study, we used a two-piecewise linear
regression model to show a nonlinear relation between 25
(OH)D and UACR. We found the inflection point obtained
from GAM after adjusting for potential confounders (gen-
der, age, diabetic duration, history of hypertension, ACEI/
ARB use, SGLT-2 inhibitor use, GLP-1 receptor agonists
use, FBG, FCP, SBP, DBP, SCr, serum calcium, TG, LDL,
SUA, ABI (left), ABI (right), and VPT) was 67 nmol/L.
Our study shows that only when serum 25(OH)D concen-
tration is below 67 nmol/L, the level of UACR will
increase. Herrmann et al indicated that patients with 25
(OH)D concentration <50 nmol/L had a higher incidence
of macrovascular and microvascular complications than

Table 3 Relationship Between 25(OH)D and UACR in Different Models of Multivariate Analysis

Variable Crude model (B, 95% CI, P)

Model I (B, 95% ClI, P)

Model 11 (B, 95% CI, P)

25(0OH)D ~13.0 (-16.5, —9.4) <0.01

~13.0 (~16.5, ~9.4)<0.01

-8.7(~12.0, -5.4) <001

25(OH)D (tertiles)

TI Ref Ref Ref

T2 —277.0 (—435.6, —118.4)<0.01 —270.5 (—427.1, —113.9)<0.01 —197.9 (-332.7, —63.2)<0.01
T3 —412.7 (-571.5, —253.9)<0.01 —418.7 (-575.5, —261.8)<0.01 —253.5 (=393.9, —113.1)<0.01
P for trend <0.01 <0.01 <0.01

Note: Crude model: No variables are adjusted. Model I: Adjusted gender, age. Model Il: Adjusted gender, age, diabetic duration, history of hypertension, ACEI/ARB use,
SGLT-2 inhibitor use, GLP-1 receptor agonists use, FBG, FCP, SBP, DBP, SCr, Serum calcium, TG, LDL, SUA, ABI (left), ABI (right), and VPT.

Abbreviations: Cl, Confidence interval; Ref, Reference.
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Figure 2 The non-linear relationship between 25(OH)D and UACR.
41,42

those > 50 nmol/L.>' This is somewhat similar to our
study, suggesting that vitamin D deficiency may increase
UACR levels. Our study is helpful to remind the type 2
diabetes patients with 25(OH)D below 67 nmol/L to pay
more attention to prevent the occurrence of diabetic kidney
disease. The clinical value of this study can be expressed
in the following aspects: 1) as far as we know, it is the first
time a nonlinear relation between 25(OH)D and UACR in
patients with T2DM has been observed, and 2) the result
of the study will be helpful to establish a diagnostic or
predictive model of DKD in the future.

Our research has the following advantages: 1) we
emphasized the nonlinearity in the study, which was

consistent with previous studies and better illustrated
the relationship between dose and response. 2) Since these
results are susceptible to potential confounding factors,
rigorous statistical adjustment was used to minimize resi-
dual confounders. 3) We examined 25(OH)D as both
a continuous and categorical variable to reduce the con-
tingency in the data analysis and enhance the results’
robustness. 4) Subgroup and interaction analysis make
better use of the data, allowing for a stable conclusion.
Of course, potential limitations should be acknowl-
edged. Firstly, our study is a cross-sectional study, so the
causal relationship between 25(OH) D and UACR cannot
be confirmed. Secondly, as our study is a single-center

Table 4 Two-Piecewise Linear Regression Model to Evaluate Relationship Between 25(OH)D and UACR

UACR (pp 95% CI) P-value
Fitting model by standard linear regression —8.7 (—-12.0, -5.4) <0.01
Fitting model by two-piecewise linear regression inflection point of 25(OH)D 67
< 67 —13.9 (-18.2, -9.6) <0.01
> 67 8.9 (-1.1, 18.9) 0.08
P for log likelihood ratio test <0.01

Note: We adjusted gender, age, diabetic duration, history of hypertension, ACEI/ARB use, SGLT-2 inhibitor use, GLP-| receptor agonists use, FBG, FCP, SBP, DBP, SCr,

Serum calcium, TG, LDL, SUA, ABI (left), ABI (right), and VPT.
Abbreviation: Cl, Confidence interval.
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Gender N 2’3 95% CI& P for interaction
Male 337 -12.1(-16.1,-8.0) -J
Female 212 -4.5(-9.8,0.8)
Age
<50 115 11.4(-19.7.-31 -
=»=50,<60 174 2.3(-7.8,3.2 L3 <0.01
»=60,<70 167 -10.4(-16.5-4.4) ik
>=70 93 -18.6(-26.1,-11.2) -
Diabetic duration
<5 122 -6.1(-13.91.7) —iH
==5<10 97 -9.1(-17.0-1.2) - 0.09
»=10,<20 223 -4.2(-9.41.1) [ ]
==20 107 -14.5(-21.1,-7.8) i+
ACEI/ARB use
Yes 210 -19.8(-25.1,-14.5) L =<0.01
No 339 -2.8(-6.7,1.2)
SGLT-2 inhibitors use
Yes 31 0.4(-17.6,18.5) 0.26
No 518 -9.7(-13.2,-6.2) — |l
GLP-1 receptor agonists use
Yes 46 -1.0(-16.6,14.6) —— 0.29
No 503 -9.3(-12.8,-5.9) u
History of hypertension
Yes 286 -15.1(-19.7.-10.6 = <0.01
No 263 -1.4(-6 1.3 2)
SBP
<140 412 -3.6(-7.1-0.1) =<0.01
==140 137 -26.9(-33.6,-20.2)
DBP
<90 475 -7.5(-10.9.-4.0) [ ] 0.29
==90 74 -13.2(-23.6,-2.8) ——
eGFR
<60 81 -4 9 -55.0, 38 8: - =<0.01
»=60 468 4.5(-8.0,-1 — l R
60-40 - 0 20 40 60

Figure 3 Forest plots for subgroup analysis and interaction analysis of 25(OH)D on UACR.

study, the results may not apply to the entire Chinese
population. Thirdly, we lacked multiple measurements of
UACR to increase the stability and specificity of the data.
Fourth, potential confounding factors affecting 25(OH)D
levels, such as sun exposure, outdoor exercise, nutritional
status, dietary habits, seasonal alternation, serum phos-
phorus, and parathyroid hormone, were not included in
this analysis. Finally, other unknown confounding factors
affect the results, such as magnesium,** so larger and more
rigorous design studies are still needed.

In conclusion, we found that the relationship between 25
(OH)D and UACR is non-linear. When the 25(OH)D level
was lower than 67 nmol/L, 25(OH)D had a significantly
negative correlation with UACR. When it was higher than
67 nmol/L, the negative correlation between the two was
disappeared. Besides, stronger associations were found in
males, > 70 years old, those with ACEI/ARB use, with
history of hypertension, SBP >140 mmHg, and patients
with eGFR < 60mL/min/1.73m?. However, additional multi-
center, prospective, and randomized controlled studies are
needed to further explore the causal relationship between 25
(OH)D and UACR to provide an even clearer scientific

understanding of such relationships to apply this knowledge
to the treatment and prevention of DKD.
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