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SUMMARY
Background: This study is to investigate the protective effects of vitamin D in T2DM, as well as the associations
between serum calcifediol level and β-cell function, and risk of CRC, in Chinese type 2 diabetes mellitus (T2DM)
patients with albuminuria.
Methods: Serum calcifediol levels were analyzed and compared among healthy individuals and T2DM patients
stratified by albumin/creatinine ratio (ACR). Relative correlation analyses were performed with β-cell function
(BCF) and risk of CRC.
Results: Patients’ ACR was positively associated with fasting plasma glucose and insulin, homeostasis model assessment (HOMA) of insulin resistance (IR), alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), carbohydrate antigen (CA)199, CA125, and Septin9 methylation, but inversely associated with HOMA-BCF and insulin
secretion. Serum calcifediol level in the healthy controls was significantly higher than T2DM patients. In T2DM
patients, calcifediol level was inversely associated with ACR, HOMA-IR, AFP, CEA, and Septin9 methylation, but
positively associated with HOMA-BCF and insulin secretion. Multivariate stepwise principal component regression analysis indicated that calcifediol, hemoglobin A1c, and serum creatinine were independent risk factors for
elevated CEA in T2DM.
Conclusions: Higher serum calcifediol level is correlated with better β-cell function, lower insulin resistance, and
decreased risk of CRC. Vitamin D may have suppressive effects on T2DM-associated complications and therefore
represents a potential prophylactic treatment against β-cell dysfunction and cancer development in T2DM patients with albuminuria.
(Clin. Lab. 2019;65:641-649. DOI: 10.7754/Clin.Lab.2019.181111)
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder with steadily increasing prevalence worldwide
nowadays [1,2]. T2DM commonly occur among older
population; however, in recent years, the disease has
been more and more frequently identified in younger
population [3]. Low sensitivity to insulin and pancreatic
β-cell failure represent the two major causes for T2DM.
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CA724.
Septin9 is a gene that was shown to be directly related
with occurrence of cancer. Methylation of the CpG islands in the 5' region of the Septin9 gene has been implicated in the development of CRC. The incidence of
hypermethylation in CRC tissue is up to 90% compared
to 10% in normal control tissues [17]. Therefore, the
Septin9 methylation is an important biological characteristic and serological marker for CRC. Methylated
Septin9 (mS9) DNA can be released from the necrotic
or apoptotic tumor cells into the peripheral circulation
in the early stages of CRC. Thus, detection of mS9 in
peripheral blood can be used for screening, early diagnosis, treatment evaluation, and dynamic monitoring of
CRC [18,19].
In this study, to gain insights into the protective effects
of vitamin D in T2DM, the associations between calcifediol level and β-cell function, and risk of CRC, in
Chinese T2DM patients with different levels of albuminuria, were investigated.

At present, there is still no cure for T2DM, and common treatments usually aim to lower blood sugar, increase insulin sensitivity, and boost insulin production.
Chemical agents mainly used in the clinical treatment of
T2DM mainly include alpha-glucosidase, dipeptidyl
peptidase 4 (DPP-4) and sodium-glucose co-transporter
2 (SGLT2) inhibitors, and biguanides. However, these
medications need to be taken throughout the lifetime,
and their long-term side effects are still not clear. In addition, the cost of prescription medications, and the possible medication tolerance and the need to switch medications, would also cause great burdens to the diabetic
patients, family, and society.
Vitamin D is an alternative medicine or natural remedy
that has attracted increasing attention recently due to its
regulatory roles on various biological functions and/or
processes, including calcium and bone metabolism, renin-angiotensin system, insulin resistance, vasculature,
and immune system [4]. Vitamin D can be naturally acquired from food intake (10 - 20%) such as milk products and meat, but most of it (80 - 90%) is obtained
through the skin exposure to the sun. Ultraviolet radiation converts the vitamin D precursor in the skin into vitamin D3 (cholecalciferol), which is then hydroxylated
into calcifediol (also known as 25-hydroxycholecalciferol, 25-hydroxyvitamin D3, or 25[OH]D) in the liver.
Calcifediol is an inactive metabolite of vitamin D,
which is also considered as a circulating indicator for
vitamin D in the body. This metabolite could be converted into the active product calcitriol (also known as
INN, 1,25-dihydroxyvitamin D3, or 1,25[OH]2D) by
1α-hydroxylase in the kidney and circulated via the
blood to the target tissues and/or cells.
Vitamin D deficiency has been associated with increased risk of T2DM-associated complications. Moreover, in T2DM patients, along with the increasing calcifediol levels, albuminuria (indicated by the albumin/
creatinine ratio, ACR) would be decreased [5-7]. Furthermore, low levels of calcifediol and albuminuria
have been associated with higher risk of colorectal cancer (CRC) [8-11]. A meta-analysis of studies (combined
study population of 17,664 subjects) revealed that patients with T2DM, especially those with diabetic nephropathy, often have decreased serum levels of VD
[12] and decreased serum levels of VD were shown to
increase the risk of malignant tumors. A recent doubleblinded clinical trial from Momeni et al. [13] has suggested that the vitamin D therapy may decrease proteinuria in T2DM patients. This is supported by an earlier
report showing that administration of vitamin D3 may
have an antiproteinuric effect in Chinese diabetic patients [14]. Colorectal cancer (CRC) is a malignant
tumor that predominantly occurs in middle aged and elderly people [15]. Patients typically exhibit no obvious
clinical symptoms in the early stages of the disease.
Screening of serum markers is an important tool for
early diagnosis of CRC [16]. At present, the more commonly used serum markers include carbohydrate antigen AFP, CEA, (CA) 19-9, CA125, CA153, and

MATERIALS AND METHODS
Study subjects
The study population herein included patients with
T2DM (n = 320) and age-matched healthy individuals
(control; n = 150). These patients were diagnosed with
T2DM and treated at the Department of Health and Endocrinology of Jinan Central Hospital Affiliated to
Shandong University from January 2016 to November
2017. The control subjects underwent physical examinations at the Jinan Central Hospital Affiliated to Shandong University during the same time period.
Exclusion criteria were as follows: acute diabetic complications, such as diabetic hyperosmolar coma and diabetic ketoacidosis, within the previous 3 months; cardiovascular and cerebrovascular diseases, liver and kidney diseases, infectious diseases, malignant tumor, autoimmune diseases, or other systemic diseases; or recent
stress conditions, including infections, surgery, trauma,
pregnancy, and breast-feeding. Moreover, individuals
who had taken calcium supplements, active vitamin D
preparations, glucocorticoids, or estrogen within the
previous 3 months; or drugs affecting kidney function
within the previous 2 weeks, were also excluded from
this study. Prior written and informed consent were obtained from every patient and the study was approved
by the ethics review board of Jinan Central Hospital Affiliated to Shandong University.
Randomization and measurements
The included diabetic patients were divided into the
normoalbuminuria (n = 113), microalbuminuria (n =
102), and macroalbuminuria (n = 105) groups based on
ACR. Normoalbuminuria, microalbuminuria, and macroalbuminuria were defined as ACR < 30, between 30
and 300, and > 300 mg/g, respectively. General information was collected, including age, height, weight, and
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7,500 thermocycler (Applied Biosystems). The reaction
conditions were as follows: 94°C for 20 minutes; 62°C
for 5 seconds, 55.5°C for 35 seconds, 93°C for 30 second, for a total of 45 cycles; followed by 40°C for
5 seconds. The results were interpreted using the 7,500
Fast PCR software. Experiment was performed in triplicates.

blood pressure.
Fasting (12 hours) blood sample was collected from the
basilic vein of each patient in the morning, which was
subjected to the following measurements: fasting plasma glucose (FPG); fasting insulin (FINS); hemoglobin
A1c (HbA1c); high-density lipoprotein cholesterol
(HDL-C); low-density lipoprotein cholesterol (LDL-C);
total cholesterol (TC); triglyceride (TG); serum uric
acid (SUA); serum creatinine (SCr); blood urine nitrogen (BUN); alpha-fetoprotein (AFP); carcinoembryonic
antigen (CEA); carbohydrate antigen (CA)199; CA125;
CA153; and CA724 levels. Morning urine (5 mL) was
collected to measure the urine albumin and creatinine
levels.
Body mass index (BMI) and ACR were calculated. Insulin resistance (IR) was evaluated by the homeostasis
model assessment (HOMA) using the following formulation: HOMA-IR = (FINS x FPG)/22.5. Insulin active
index (IAI = ln [1/[FINS x FPG]]), β-cell function index
(HOMA-BCF = 20 x FINS/FPG - 3.5), and insulin secretion index (ISI = FINS/FPG) were also obtained.

Statistical analysis
Statistical analysis was performed using the SPSS17.0
software. All variables were tested for normal distribution. Normally distributed measured data were expressed as mean ± SD, which were compared using the oneway analysis of variance (between groups) and Fisher’s
least significant difference test (pairwise comparisons).
Non-normally distributed measured data were expressed
as median (interquartile range), which were statistically
analyzed after logarithmic conversion. Correlations between serum calcifediol level and various T2DM parameters were determined using the Pearson’s correlation, partial correlation, and multiple linear regression
analyses. p < 0.05 was considered statistically significant.

Enzyme-linked immunosorbent assay (ELISA)
The serum calcifediol level was measured by the ELISA
kit (Beijing Rongzhi Haida Biotech, Beijing, China),
according to the manufacturer’s instructions. The fluorescence was detected with the Bio-Rad model 680
microplate reader (Bio-Rad Laboratories, Hercules, CA,
USA).

RESULTS
General information and clinical characteristics
There were no significant differences in the age and
gender ratio between the T2DM patients and healthy
control subjects (Table 1). Compared with the healthy
control group, the FPG, FINS, and HbA1c levels were
significantly elevated in these T2DM groups. In particular, the FPG, FINS, and HbA1c levels in the microalbuminuria and macroalbuminuria groups were also significantly higher than the normoalbuminuria group. Moreover, the LDL-C, TC, SUA, SCr, and BUN levels were
comparable between the normoalbuminuria and microalbuminuria groups. However, the levels of these indicators in the macroalbuminuria group were significantly
higher than the normoalbuminuria, microalbuminuria,
and healthy control groups. These results suggest that,
the FINS, FPG, and HbA1c levels, in the T2DM patients, are significantly higher than healthy individuals,
which are positively associated with ACR.

Electrochemiluminescence
Serum 25-OH-D concentration was detected by electrochemiluminescence with the 25-OH-D detection kit
(Roche). After 3 rounds of incubation, the 25-OH-Dcontaining complex was bound to the solid supporting
materials under the interaction of biotin and streptavidin. For the reaction, the reaction solution was sucked
into the measuring pool, and the magnetic beads were
absorbed onto the surface of the electrodes. Substances
not bound to the magnetic beads were removed by the
ProCell/ProCell M solution. A certain voltage was applied to the electrodes to stimulate the chemiluminescence, and the luminescence intensity was detected with
the Cobas e411 analyzer (Roche).
Quantitative real-time PCR
Methylation of the colon cancer Septin9 gene (SEPT9;
on chromosome 17) in blood samples was measured in
triplicate using the probe-based real-time PCR (qPCR)
with the Septin9 Methylation Detection Kit (Biochain
Beijing Technology Co., Ltd., Beijing, China). For details, 10 mL peripheral blood sample was collected from
fasting patients in the morning. DNA12 was extracted
using the plasma treatment kit according to the manufacturer’s instructions. The sulfite solution was complexed with the DNA eluate. The methylated DNA was
directly extracted by the magnetic bead adsorption, and
the non-methylated DNA was converted by the deamination reaction. The PCR was performed on the ABI
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Serum calcifediol levels
Serum calcifediol levels were next investigated and analyzed. Our results showed that the serum calcifediol
levels in healthy controls were significantly higher than
T2DM patients (Table 1). Furthermore, serum calcifediol level in the normoalbuminuria group was significantly higher than the microalbuminuria group, which
was also significantly higher than the macroalbuminuria
group. The correlation analysis showed that the serum
calcifediol level was significantly negatively correlated
with the FPG and FINS levels (Table 5). These results
suggest that in the T2DM patients with higher ACR
lower serum calcifediol level is associated with poorer
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Table 1. Clinical characteristics and biochemical data of study subjects.
Control
Total, n

150

Diabetic patients
Normal ACR

Microalbuminuria

Macroalbuminuria

113

102

105

Men/women, n/n

76/74

48/65

55/47

47/58

Age, year

60.03 ± 12.07

63.92 ± 10.64

63.31 ± 14.01

60.57 ± 10.38

BMI, kg/m2

25.01 ± 2.18

25.24 ± 2.12

26.04 ± 3.53 a, b

25.42 ± 2.77

FPG

4.86 ± 0.26

7.19 ± 2.09 a

9.29 ± 3.85 a, b

9.13 ± 2.37 a, b

HbA1c, %

5.53 ± 0.25

8.16 ± 1.34 a

9.22 ± 1.23 a, b

9.27 ± 0.42 a, b

HDL-C, mmol/L

1.33 ± 0.33

1.22 ± 0.31

1.06 ± 0.24 a, b

1.05 ± 0.23

LDL-C, mmol/L

2.70 ± 0.99

3.06 ± 1.00

3.12 ± 0.98

3.76 ± 0.73 a, b, c

TC, mmol/L

4.24 ± 1.08

4.70 ± 1.14

5.10 ± 1.13 a, b

5.69 ± 0.53 a, b, c

2.13 ± 1.46

b

2.65 ± 0.79 a, b

TG, mmol/L

1.23 ± 0.70

1.38 ± 0.77

SUA µmol/L

305.71 ± 89.91

307.73 ± 105.11

320.58 ± 99.13

410.72 ± 117.39 a, b, c

SCr, µmol/L

61.97 ± 13.86

62.95 ± 16.95

69.32 ± 22.89

98.62 ± 45.60 a, b, c

BUN, mmol/L

4.67 ± 1.30

4.80 ± 1.61

6.72 ± 6.82

9.50 ± 4.11 a, b, c

FINS, mIU/L

5.08 ± 3.49

12.02 ± 7.42 a

14.64 ± 8.17 a, b

15.63 ± 7.27 a, b

a

a, b

12.61 ± 9.15

10.05 ± 10.11 a, b, c

Calcifediol, ng/mL

32.55 ± 16.41

17.32 ± 7.82

Albumin, g/L

35.63 ± 3.34

35.56 ± 4.42

34.36 ± 2.21

VDBP, µg/mL

338.22 ± 15.33

341.26 ± 18.22

333.56 ± 14.86

384.22 ± 15.42

eGFR, mL/min

100.34 ± 21.10

95.63 ± 18.35

90.75 ± 20.14

80.04 ± 24.27 a, b, c

34.55 ± 3.36

Note: a p < 0.05 compared with control; b p < 0.05 compared with normal ACR; and c p < 0.05 compared with microalbuminuria.

Table 2. Analysis of β-cell function.
Control

Diabetic patients
Normal ACR

Microalbuminuria

a

6.55 ± 2.67

a, b

Macroalbuminuria
7.89 ± 2.64 a, b, c

HOMA-IR

1.79 ± 0.78

4.38 ± 2.55

IAI

-4.22 ± 0.42

-4.41 ± 0.51

-4.47 ± 0.63

-4.45 ± 0.47

HOMA-BCF

4.88 ± 0.42

4.62 ± 0.24

4.37 ± 0.86

4.22 ± 0.66 a

Insulin secretion

0.92 ± 0.47

0.86 ± 0.56

0.57 ± 0.34

0.52 ± 0.49 a, b

Note: a p < 0.05 compared with control; b p < 0.05 compared with normal ACR; and c p < 0.05 compared with microalbuminuria.

Table 3. Analysis of cancer biomarkers.
Control
AFP, ng/mL

1.5 ± 0.52

Diabetic patients
Normal ACR

Microalbuminuria

Macroalbuminuria

2.38 ± 0.99

3.1 ± 1.72 a

2.74 ± 0.91 a

CEA, ng/mL

2.28 ± 1.09

3.44 ± 1.51

CA199, U/mL

14.32 ± 11.56

20.75 ± 14.55
a

4.69 ± 3.06

a, b

33.10 ± 25.21 a, b

34.90 ± 13.17 a
17.04 ± 12.47 a

CA125, U/mL

7.60 ± 4.55

7.21 ± 2.66

CA153, U/mL

9.55 ± 2.17

11.18 ± 5.51

12.16 ± 5.35

12.41 ± 2.67

CA724, U/mL

1.22 ± 2.11

1.31 ± 2.43

2.24 ± 3.54

3.28 ± 4.16

Septin 9 methylation rate

1.3% (2/150)

0.8% (1/113)

10.45 ± 9.99

a

5.16 ± 2.18 a

7.8% (8/102)

a, b

8.5% (9/105) a, b

Note: a p < 0.05 compared with control; and b p < 0.05 compared with normal ACR.
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Table 4. Mean biomarker levels in T2DM patients positive or negative for septin 9 methylation.
Positive

Negative

t

p

FPG, mmol/L

6.97 ± 3.10

6.41 ± 1.49

0.49

0.63

HbA1c, %

8.89 ± 2.65

6.76 ± 0.95

2.36

0.037

HOMA-IR,

5.04 ± 6.93

4.46 ± 5.91

0.19

0.84

Calcifediol, ng/mL

13.03 ± 4.15

19.80 ± 9.10

-2.12

0.49

Table 5. Correlation between serum calcifediol level and various clinical indices in T2DM patients.
Before correction

After correction *

r

p

r'

p

BMI

-0.351

0.002

-

-

FPG

-0.241

0.043

-0.370

0.007

FINS

-0.091

0.014

-0.272

0.026

HbA1c

0.046

0.704

0.142

0.252

HDL-C

0.047

0.700

0.092

0.467

LDL-C

-0.022

0.854

-

-

TC

-0.108

0.368

-

-

TG

-0.121

0.314

-

-

SUA

-0.386

0.001

-0.421

0.002

SCr

-0.268

0.024

-0.191

0.170

BUN

-0.061

0.616

-0.085

0.544

HOMA-IR

-0.244

0.040

-

-

IAI

0.322

0.008

-0.004

0.967

HOMA-BCF

0.137

0.204

0.235

0.033

Insulin secretion

-0.087

0.344

0.187

0.028

AFP

-0.241

0.043

-0.196

0.112

CEA

-0.186

0.001

-0.200

0.015

CA199

-0.080

0.505

-0.024

0.850

CA125

-0.183

0.616

-0.134

0.324

CA153

-0.190

0.146

-0.155

0.254

CA724

-0.221

0.250

-0.127

0.158

Note: * After correction for BMI, TC, TG, LDL-C, and HOMA-I.

Table 6. Multivariate stepwise principal component regression analysis of CEA and relevant factors in T2DM patients.
B

SE

β

t

p

Constant

-49.080

27.100

-

-1.811

0.000

Calcifediol

-0.303

0.332

-0.103

-0.914

0.003

HbA1c

4.541

2.092

0.272

2.171

0.034

SCr

0.136

0.044

0.480

3.087

0.003
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β-cell function.

DISCUSSION
In the present study, to investigate the significance of
vitamin D in T2DM, the association between circulating
calcifediol level and β-cell function and CRC-associated tumor markers were examined in a cohort of Chinese
T2DM patients stratified according to albuminuria levels. Our results showed that the serum calcifediol level
was independent of age, gender, BMI, or HDL-C, which
was inversely associated with urine ACR. Moreover,
lower serum calcifediol level was associated with greater insulin resistance, poorer β-cell function, and increased risk of CRC in T2DM patients with higher
ACR. These findings suggest that vitamin D may have
protective effects against albuminuria, β-cell dysfunction, and CRC in T2DM patients.
Several previous studies have already found that the vitamin D level is negatively associated with albuminuria
in diabetic patients [5-7]. In fact, increasing evidence
suggests that vitamin D has renoprotective effects in
diabetic animals and humans [20,21]. Zhang et al. [21]
have reported that the treatment with paricalcitol (vitamin D analog) could prevent albuminuria in diabetic
mice by blocking the hyperglycemia-induced accumulation of renin and angiotensin-II. In addition, calcitriol
has been shown to be able to prevent tubulointerstitial
fibrosis by inhibiting the hyperglycemia-induced activation of transforming growth factor beta (TGF-β) [20].
Based on the data from the Third National Health and
Nutrition Examination Survey (NHANES III), de Boer
et al. [22] have shown that albuminuria (measured by
ACR) is inversely associated with the calcifediol concentration, while calcifediol deficiency is independently
linked to diabetes. Similarly, our results confirm that
high serum calcifediol level was associated with low
ACR, suggesting that vitamin D may have beneficial effects on renal functions in T2DM. However, further indepth studies are still needed to investigate whether vitamin D insufficiency is the cause or result of albuminuria in these patients.
Hyperglycemia and hyperinsulinemia are major contributors to the systemic vascular permeability and endothelial dysfunction, which might change the hemodynamics in the kidney and the albuminuria levels in T2DM
patients [23-25]. The association between the insulin resistance and albuminuria in T2DM has been investigated recently, however with inconsistent findings [5,9,26,
27]. In the present study, our results showed that the
FINS, FPG, and HbA1c levels, as well as HOMA-IR in
T2DM patients, were significantly higher than healthy
individuals and were positively associated with ACR. In
addition, HOMA-BCF and insulin secretion tended to
be lower as the ACR increased. However, statistical significance was observed only between the diabetic macroalbuminuria and healthy control groups. These findings suggest that ACR may be an indicator of insulin resistance and β-cell dysfunction in T2DM patients. In
fact, the association between β-cell function deterioration and increasing albuminuria level was previously

Indices of β-cell function
The β-cell function was then analyzed and compared.
Our results showed that HOMA-IR in the healthy control group was significantly lower than in the T2DM
groups. Moreover, HOMA-IR in the normoalbuminuria
group was significantly lower than the microalbuminuria group, which was also significantly lower than the
macroalbuminuria group (Table 2). Furthermore, the
HOMA-BCF and insulin secretion in the healthy control
group were significantly higher than the T2DM groups.
HOMA-BCF and insulin secretion in the normoalbuminuria group were also significantly higher than the
microalbuminuria group, which were significantly higher than the macroalbuminuria group. The correlation
analysis indicated that the serum calcifediol level was
significantly negatively correlated with SUA, SCr, and
HOMA-IR, while positively correlated with IAI (Table
5). In addition, the serum calcifediol level was significantly negatively correlated with SUA, while positively
correlated with HOMA-BCF and insulin secretion, after
correction for BMI, LDL-C, TC, TG, and HOMA-IR.
CRC-associated tumor markers, ACR, and serum
calcifediol level in T2DM
The CRC-associated tumor markers, ACR, and serum
calcifediol level, in T2DM were investigated and analyzed. Our results showed that the serum levels of AFP,
CEA, CA199, and CA125, as well as the rate of Septin9
methylation in the microalbuminuria and macroalbuminuria groups, were significantly higher than the
healthy control group (Table 3). Moreover, among the
T2DM patients, the rates of Septin9 methylation in the
microalbuminuria and macroalbuminuria groups were
significantly higher than the normoalbuminuria group.
However, the rate of Septin9 methylation in the macroalbuminuria group was only slightly higher than the microalbuminuria group.
When T2DM patients were stratified according to the
Septin9 methylation, the serum calcifediol level of negative patients was significantly lower compared with
positive patients (Table 4). Serum calcifediol level was
negatively correlated with the levels of AFP (uncorrected) and CEA (uncorrected and corrected) (Table 5).
Our results from the multivariate stepwise principal
component regression analysis (CEA as the dependent
variable and calcifediol, HbA1c, and SCr as the independent variables) showed that, each of these three parameters represented an independent risk factor for elevated CEA (Table 6). Taken together, these results suggest that albuminuria and low levels of calcifediol are
associated with higher risk of colorectal cancer (CRC).
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metastasis [44]. Furthermore, studies on the extrarenal
expression of hydroxyl vitamin D-1-hydroxylase in
macrophages [45] and CD8+ T cells [46] suggest that
these tumor-infiltrating cells may be able to generate
calcitriol locally within the tumor, which would then
exert their suppressive effects by binding to the vitamin
D receptor on CRC cells.
In the present study, the serum calcifediol level of patients positive for Septin9 methylation was significantly
lower than patients who were negative for Septin9
methylation. Septin9 is a tumor suppressor gene located
on human chromosome 17, whose methylation would
abrogate its tumor suppressive function and lead to uncontrolled cell growth and cancerous transformation.
Consistent with the findings that higher calcifediol level
is associated with lower risk for CRC [47,48], our
results showed that the serum calcifediol level was negatively correlated with the AFP and CEA levels, while
it was an independent risk factor for CEA. These findings suggest that the maintenance of high vitamin D
level in T2DM patients, especially for those with albuminuria, may have potential protective effects against
subsequent CRC development and progression. Of
course, further investigation on the samples in subsequent follow-up studies will be required to confirm this
speculation.
There are several limitations in this study. First, for
these subjects, exposure to the sun had not been controlled. Although vitamin D-related preparation was
considered as an exclusion criterion, outdoor activities
may have differed among individuals or seasons, which
might be a source of bias in this study. Therefore, subjects should be asked to provide a summary of their outdoor routine to help researchers better adjust the baseline vitamin D levels. Second, most biomarkers examined herein were measured from the blood and urine
samples taken at a specific time, and their levels may
differ depending on the time of day or the patients’ conditions. As a result, additional and more direct tests,
such as endoscopic biopsy and various imaging techniques, will help confirm the findings in patients during
the subsequent follow-up visits. Third, this study only
examined an elderly population of patients, while parallel examination of a younger population of similar
T2DM patients may provide better insights into the patterns of the assessed variables over time.

observed by Shin et al. [28] in T2DM patients and,
more recently, by Fu et al. [29] in non-T2DM middleaged and elderly Chinese individuals.
Our findings have shown that higher serum calcifediol
is associated with lower ACR. Therefore, correlation
analysis was conducted which confirmed that the serum
calcifediol level was negatively correlated with SUA,
SCr, and HOMA-IR. Higher serum calcifediol was associated with improved IAI, HOMA-BCF, and ISI, suggesting that calcifediol may be protective against the βcell dysfunction in T2DM patients with albuminuria.
However, studies by Cai et al. [5] and Fondjo et al. [30]
have not indicated any significant association between
the calcifediol level and β-cell function/insulin resistance. This contradiction may be attributed to different
patient cohorts (e.g., size, ethnicity, geographic location, and medical history), models, or analysis methods
used in these studies.
Earlier studies have indicated that vitamin D supplementation is an effective treatment for improving insulin resistance in T2DM [31,32]. However, recent reports
have not found any significant changes in insulin sensitivity or secretion [33,34] when different dosages and
duration periods were considered. Since the effects of
vitamin D on insulin resistance, albuminuria, and disease chronology remain unclear, it is possible that vitamin D is only effective as an early prophylactic measure
rather than as treatment after the disease onset. Therefore, further studies regarding the timing of vitamin D
treatment will be required to better understand the effects of vitamin D on insulin resistance in T2DM patients with albuminuria.
CRC is a common diabetic complication, with increasing incidence in China [35]. Systematic reviews by
Guraya [9] and Gonzalez et al. [8] have shown that the
risk of CRC is positively associated with T2DM, and
both hyperinsulinemia and hyperglycemia are implicated in the promotion of cell growth and inflammation,
which contribute to increased cancer risks [36-38]. In
line with this, our results showed that the CRC markers
(such as AFP, CEA, CA199, CA125, and methylated
Septin9) in T2DM patients were higher than healthy
controls, which was significantly higher for the T2DM
patients with albuminuria. These results suggest that
T2DM patients with higher ACR may be at higher risk
of developing CRC. Previous studies have shown that
albuminuria is associated with cancer incidence in nondiabetic individuals, which is also an important risk factor for mortality in early CRC [10,11]. Although the
mechanism underlying the role of albuminuria in CRC
is still unknown, this phenomenon may be associated
with increased glomerular permeability and decreased
tubular reabsorption caused by elevated proinflammatory cytokines in the presence of neoplastic cells [39,40].
Extensive research on vitamin D in the past several
years has revealed that the vitamin D/vitamin D receptor signaling has anti-tumor effects in CRC via gene
regulation, which would induce cell differentiation and
apoptosis [41,42] and inhibit cell proliferation [43] and
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CONCLUSION
Our study showed that the serum calcifediol level was
inversely associated with the albuminuria levels in
T2DM patients. Higher serum calcifediol level was correlated with better β-cell function, lower insulin resistance, and decreased risk of CRC. Therefore, appropriate high vitamin D level may protect against β-cell dysfunction and cancer development in T2DM patients
with albuminuria. These results warrant further verification and assessments of vitamin D as a potential treat-
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ment for diabetic complications.
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D on proteinuria in type 2 diabetic patients. J Nephropathol 2017;
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