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Background: Low 25-hydroxyvitamin D (250HD) levels are associated with the incidence of type 2 diabetes mellitus (T2DM).
However, the association between 250HD and metabolic health status or diabetic complications is inconclusive. We evaluated this
relationship between vitamin D status and metabolic parameters and complications of T2DM.

Methods: This study included 1,392 patients with T2DM who visited Eulji and Ewha Diabetes Center between January 2011 and
August 2016. Anthropometric parameters and laboratory tests including glycated hemoglobin (HbA1c), lipid profile, liver and kidney
function, and urinary albumin-to-creatinine ratio (UACR) were evaluated. Diabetic macro- and microvascular complications were
determined through a medical record review. Serum 250HD concentrations were measured by chemiluminescent immunoassay.
Results: The mean 250HD level was 16.8+£9.6 ng/mL. Vitamin D deficiency (<20 ng/mL) and severe deficiency (<10 ng/mL)
were observed in 990 (71.1%) and 351 (25.2%) participants, respectively. 2SOHD level was positively correlated with age and high-
density lipoprotein cholesterol (HDL-C) level and negatively correlated with HbA ¢, triglyceride level, and UACR. HDL-C and
UACR were significantly associated with 250HD after adjusting for other variables. Vitamin D deficiency was independently relat-
ed to nephropathy after adjusting for confounding variables.

Conclusion: Vitamin D deficiency was common among Korean T2DM patients; it was independently associated with microalbu-
minuria and HDL level, and positively related to diabetic nephropathy.
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INTRODUCTION

Vitamin D, traditionally known for its role in regulating bone

and calcium metabolism, has recently been implicated in a mul-
titude of systems including the cardiovascular, immune, and re-
productive systems [1,2]. The ubiquitous expression of vitamin
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D receptors in the human body is closely related to these find-
ings, suggesting that vitamin D plays an important role in the
regulation of the expression of multiple genes beyond those in-
volved in calcium metabolism [3].

Several large epidemiologic studies on the impact of vitamin
D on metabolic and cardiovascular diseases demonstrated that
lower vitamin D levels were associated with the incidence of
type 2 diabetes mellitus (T2DM) [4,5]. Vitamin D deficiency
reportedly reduced intracellular calcium levels and decreased
insulin secretion in pancreatic beta cells [6]. Vitamin D defi-
ciency also decreases the insulin receptor expression, leading to
peripheral insulin resistance [7]. Furthermore, vitamin D defi-
ciency has an atherosclerotic action, promoting myocardial hy-
pertrophy and renin activation [8].

Vitamin D deficiency is prevalent in South Korea. The 2006
to 2008 Korea National Health and Nutrition Examination Sur-
vey (KNHANES), which included adults aged 19 years or older,
reported vitamin D deficiency in 47.3% of men and 64.5% of
women [9]. Another international study reported that Korean
postmenopausal osteoporotic women had the lowest 25-hy-
droxyvitamin D (250HD) levels among 18 countries [10].
These findings suggest that vitamin D deficiency may be even
more prevalent in T2DM patients in Korea and related to poor
glycemic control and/or various complications of T2DM.

However, studies on the association between vitamin D defi-
ciency and micro- and macrovascular complications in T2DM
showed conflicting results and are currently inconclusive. Sev-
eral studies reported that vitamin D deficiency increased the risk
of diabetic polyneuropathy [11], nephropathy, and retinopathy
[12]. However, other studies found no association between vita-
min D deficiency and diabetic polyneuropathy [13] or retinopa-
thy [14]. While vitamin D deficiency was reportedly associated
with a lower low-density lipoprotein cholesterol (LDL-C) level
and a higher triglyceride level and diastolic blood pressure than
those in T2DM patients with sufficient vitamin D level [15],
other studies reported no relationship [16].

The present study investigated the prevalence of vitamin D
deficiency in Korean patients with T2DM and identified the re-
lationship between vitamin D status and diabetes-related param-
eters such as glycemic control, macro- and microvascular com-
plications, and cardiovascular risk factors.

METHODS

Study population
This cross-sectional study included 1,564 T2DM patients who
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visited Eulji Diabetes Center and Ewha Womans University
Mokdong Hospital between January 2011 and August 2016.
T2DM was diagnosed according to the American Diabetes As-
sociation criteria [17]. We excluded patients who took calcium
or vitamin D supplements, and patients with diagnosed osteopo-
rosis, chronic kidney stage 5 (estimated glomerular filtration
rate [eGFR] <15 mL/min/1.73 m?), liver cirrhosis, or refractory
malignancy. Finally, 1,392 patients were included in the analy-
sis. The Institutional Review Boards of the hospitals approved
the study (EMCIRB 09-007 and EUMC 2016-07-013-002), and
due to a retrospective nature of the study, informed consent was
waived.

Anthropometric and biochemical measurements

We collected information on age, sex, smoking status, alcohol
consumption, duration of diabetes, and types of diabetic medi-
cation used from patient medical records. Height and weight
were measured, and body mass index (BMI) was calculated by
dividing the weight in kilograms by the height squared in me-
ters. The blood pressure was calculated as the mean of two
manual sphygmomanometer readings with the patient in a seat-
ed position.

A venous blood sample was collected after an overnight fast
for at least 8 hours. 250HD levels were measured using a che-
miluminescent immunoassay (Roche ELECSYS®, Total Vita-
min D, Roche Diagnostics, Mannheim, Germany; and Liaison®™
25-OH Vitamin D Total, DiaSorin, Saluggia, Italy). According
to the World Health Organization definitions, vitamin D status
was defined as following: severely deficient for 2SOHD <10
ng/mL, deficient for 10 ng/mL< 250HD <20 ng/mL, insuffi-
cient for 20 ng/mL < 250HD <30 ng/mL, and sufficient for
250HD =30 ng/mL [18].

Glycated hemoglobin (HbA 1c) was measured by high-perfor-
mance liquid chromatography using HLC-723G7 and G8 in-
struments (Tosoh, Tokyo, Japan). Total cholesterol, LDL-C,
high-density lipoprotein cholesterol (HDL-C), triglyceride, and
creatinine levels were measured using enzymatic colorimetric
procedures with an automated analyzer (Hitachi-747, Hitachi,
Tokyo, Japan). Total calcium and phosphorus were measured
using CA-HR2 and P-HR2 (Wako Pure Chemical Industries,
Osaka, Japan), respectively. The eGFR was calculated using the
following Modification of Diet in Renal Disease equation:
186X (serum creatinine) 3 X (age) "2 X (0.742 if female) [19].
The urinary albumin-to-creatinine ratio (UACR) was assessed
on a random spot urine sample and measured using radioimmu-
noassay (Immunotech, Prague, Czech Republic).
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Assessment of diabetic complications

The presence of diabetic retinopathy, nephropathy, neuropathy,
and cardio and cerebrovascular diseases (CVDs) were investi-
gated through medical record reviews. Diabetic retinopathy was
defined as either a non-proliferative or proliferative diabetic ret-
inopathy or previous laser photocoagulation therapy. Diabetic
nephropathy was defined as microalbuminuria (UACR 30 to
299 mg/g) or macroalbuminuria (UACR =300 mg/g). Diabetic
neuropathy was identified in patients by the current perception
threshold test (CPT) using a Neurometer (Neurotron Inc., Balti-
more, MD, USA) or reported pain, burning, tingling, or numb
sensation on the feet or hands. CVD included myocardial in-
farction, unstable angina, or stroke.

Statistical analysis

The statistical analysis was performed using IBM SPSS Statis-
tics for Windows version 20.0 (IBM Corp., Armonk, NY, USA).
Quantitative variables were reported as means and standard de-
viations and categorical parameters were reported as numbers
and percentages. Student’s ¢ test and chi-square test were used
for comparisons between groups with continuous and categori-
cal variables, respectively.

The 250HD levels showed significant seasonal variance, with
a significantly lower level during the winter season compared to
those in the spring, summer, and autumn after Bonferroni cor-
rection (14.4+9.5,18.2+10.8, 17.1+8.8, and 17.7+9.1 ng/mL,
respectively, P for trend <0.01). Therefore, we also adjusted for
seasonal variation to winter (from December to February) ver-
sus non-winter (from March to November).

Pearson’s correlation tests were used to evaluate the relation-
ships between 250HD level and diabetes-related clinical and
biochemical parameters. Multiple linear regression analysis was
performed using the 250HD levels as independent variables
and HbAlc, eGFR, total, LDL-C, and HDL-C, triglycerides,
and UACR as dependent variables to determine the relation-
ships between 250HD levels and diabetes-related factors. Mul-
tiple logistic regression was performed to identify the indepen-
dent association between vitamin D deficiency and macro- and
microvascular complications. Two-tailed P values <0.05 were
considered statistically significant.

RESULTS

Basal characteristics
The mean age of the participants was 61.61£10.9 years, 57.9%
were men, and the mean BMI was 25.843.6 kg/m*. The mean
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HbAlc was 7.4%=1.3%, the mean duration of diabetes was
13.0£8.0 years, and 18.5% of patients used insulin. Retinopa-
thy, nephropathy, neuropathy, and CVD were present in 30.3%,
31.2%, 17.2%, and 15.6% of patients, respectively (Supplemen-
tal Table S1).

The mean 250HD level was 16.8+9.6 ng/mL. Overall, only
144 patients (10.3%) showed sufficient 2SOHD levels; 351 pa-
tients (25.2%) had severe deficiency (<10 ng/mL), 639 patients
(45.9%) had 250HD Ilevels of 10=< and <20 ng/mL, and 258
patients (18.5%) had values of 20< and <30 ng/mL (Supple-
mental Table S2).

The clinical and metabolic characteristics of the participants
stratified by vitamin D deficiency status are presented in Table
1. Among patients with T2DM, those with vitamin D deficiency
were younger (60.9 years vs. 63.3 years, P<0.01) and had high-
er HbAlc (7.5% vs. 7.2%, P<0.01), lower HDL-C (47.3 mg/dL
vs. 50.7 mg/dL, P<0.01), and higher triglyceride (164.2 mg/dL
vs. 148.7 mg/dL, P=0.01) levels as well as higher UACR (129.1
mg/g vs. 50.6 mg/g, P<0.01) compared to those in participants
without vitamin D deficiency. While a higher percentage of vi-
tamin D-deficient participants used insulin (20.4% vs. 13.7%,
P<0.01), the duration of diabetes did not differ between the two
groups. Additionally, nephropathy was more prevalent in pa-
tients with a vitamin D deficiency than in in patients without a
vitamin D deficiency (34.0% vs. 24.3%, P<0.01). Other com-
plications did not differ between the two groups.

Correlations between 250HD levels and clinical and
biochemical variables

We observed a significant positive correlation between 250HD
level and age (»=0.05, P=0.045) and HDL-C (=0.12, P<0.01)
and negative associations between 250HD and HbAlc (r=
—0.09, P<0.01), triglycerides (r=—0.08, P<0.01), and UACR
(r=-0.13, P<0.01) (Table 2).

Association between 25SOHD and diabetes-related clinical
and biochemical variables

Correlation analysis through multiple linear regression was per-
formed to identify biochemical variables associated with
250HD levels. The 250HD level was positively associated
with HDL-C (=5.56; 95% confidence interval [CI], 1.32 to
9.81; P=0.01) and negatively associated with UACR (B=-194;
95% CI, 290 to —98.0; P<0.01) after adjusting for age, sex,
systolic blood pressure, HbAlc, total calcium, phosphorus, du-
ration of diabetes, type of medication, and season (Table 3).
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Table 1. Baseline Characteristics According to Vitamin D Defi-
ciency Status
250HD 250HD
Characteristic <20 ng/mL =20ng/mL P value
(n=990) (n=402)
Age, yr 60.9+11.1 63.3+102  <0.01
Male, sex 566 (57.2) 240 (59.7) 0.40
BMI, kg/m* 25943.6 25.6£3.6 0.17
SBP, mm Hg 133+16 132+15 0.17
DBP, mm Hg 78+11 77£10 0.10
Smoking status (n=1,246) 355 (39.7) 153 (43.5) 0.23
(former or current)
Alcohol status (n=1,248) 355(39.7) 178 (50.4)  <0.01
(ves)
HbAlc, % 75t14 72+1.1 <0.01
Total cholesterol, mg/dL 16637 168135 0.45
LDL-C, mg/dL 9224292 92.8429.1 0.71
HDL-C, mg/dL 473£12.0 50.7+£11.8  <0.01
Triglycerides, mg/dL 164.2+£109.5 148.7£86.4 0.01
AST, IU/L 257+144 27.2+23.1 0.15
ALT, IU/L 27.0£194 26.6t£21.4 0.71
Creatinine, mg/dL 1.03£0.29 1.01+0.21 0.23
¢GFR (MDRD), mL/ 69.8+£17.8 69.4+15.1 0.68
min/1.73 m?
UACR, mg/g 129.1+£481.0  50.6+148.9 <0.01
Total calcium, mg/dL 9.0+0.5 8.94+0.6 0.02
Phosphorus, mg/dL 35408 3.610.8 0.32
Duration of diabetes, yr 12.8£8.1 13.6£7.9 0.10
Medication (any insulin) 201 (20.4) 55(13.7)  <0.01
Complication
Retinopathy (n=931) 214/690 (31.0) 68/241 (28.2) 0.46
Neuropathy (n=1,367)  173/974 (17.8) 62/393 (28.7) 0.43
Nephropathy (n=1,354)  329/967 (34.0) 94/387 (24.3) <0.01
Cardiovascular disease 158 (16.0) 59 (14.7) 0.57
Values are expressed as mean=standard deviation or number (%).
250HD, 25-hydroxyvitamin D; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HbAlc, glycated hemo-
globin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-den-
sity lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, ala-
nine transaminase; eGFR, estimated glomerular filtration rate; MDRD,
Modification of Diet in Renal Disease; UACR, urinary albumin-to-cre-
atinine ratio.

Association between vitamin D deficiency and macro- and
microvascular complications

Using the vitamin D insufficiency and sufficiency groups as a
reference, the vitamin D deficiency group showed an increased
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Table 2. Correlation Analysis of 250HD with Clinical and Bio-
chemical Factors

Variable r Pvalue

Age 0.05 0.045

BMI -0.04 0.13

SBP -0.04 0.15

DBP -0.05 0.06

HbAlc -0.09 <0.01

Total cholesterol —0.02 0.53

LDL-C -0.02 0.49
HDL-C 0.12 <0.01
Triglycerides —0.08 <0.01

AST 0.03 0.29

ALT 0.01 0.66

¢GFR (MDRD) 0.05 0.09

UACR —0.13 <0.01

Total calcium -0.23 0.40
Phosphorus —0.02 0.48
Duration of diabetes 0.05 0.07
250HD and triglyceride levels were computed from log-scale.

250HD, 25-hydroxyvitamin D; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HbAlc, glycated hemo-
globin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-den-
sity lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, ala-
nine transaminase; eGFR, estimated glomerular filtration rate; MDRD,
Modification of Diet in Renal Disease; UACR, urinary albumin-to-cre-
atinine ratio.

risk of nephropathy after adjusting for age, sex, systolic blood
pressure, HbA lc, total calcium, phosphorus, duration of diabe-
tes, type of medication, and season (odds ratio, 1.62; 95% CI,
1.21 to 2.16; P<0.01) (Table 4). Retinopathy, neuropathy, and
CVD were not related to vitamin D deficiency.

DISCUSSION

In this study, the 25SOHD levels in T2DM patients were corre-
lated with several clinical parameters of diabetes, including
HbA1c, albuminuria, triglyceride, and HDL. Among diabetic
macro- and microvascular complications, diabetic nephropathy
was correlated with the 2SOHD level. In particular, the 25OHD
level remained an independent risk factor for diabetic nephropa-
thy after adjusting for the other risk factors.

In our study, the rate of vitamin D deficiency (defined as less
than 20 ng/mL) was 71.1%, while that for severe deficiency
(less than 10 ng/mL) was 25.2%. This prevalence was higher
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Table 3. Multiple Linear Regression Analysis of the Associations between 250HD Concentration and Clinical and Biochemical Vari-
ables of Diabetes
Model 1 Model 2

Variable

B 95% CI P value B 95% CI Pvalue
HbAlc -0.48 —0.76 to —0.19 <0.01
Total cholesterol —-0.97 -8.51t06.57 0.80 5.56 —2.31t013.43 0.17
LDL-C -1.16 ~7.43t05.12 0.72 0.01 —6.63 t0 6.66 0.99
HDL-C 5.88 2.17 t0 9.60 <0.01 5.56 1.32t09.81 0.01
Triglycerides -0.09 —0.15t0-0.04 <0.01 -0.04 —0.09 t0 0.01 0.12
eGFR 4.48 1.11t0 7.85 0.01 1.82 —-1.27 to 4.90 0.25
UACR 225 -314t0-136 <0.01 —194 —290t0-98.0 <0.01
Model 1: Adjusted for age; Model 2: Adjusted for age, sex, body mass index, systolic blood pressure, HbA Ic, total calcium, phosphorus, duration of dia-
betes, type of medication, and season. 250HD and triglyceride levels were computed from log-scale.
250HD, 25-hydroxyvitamin D; CI, confidence interval; HbA lc, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-densi-
ty lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio.

Table 4. Logistic Regression Analysis of the Association between Vitamin D Deficiency and Diabetic Complications

Model 1 Model 2
Variable
OR 95% CI P value OR 95% CI P value
Retinopathy 1.17 0.85-1.62 0.34 1.30 0.90-1.88 0.16
Nephropathy 1.72 1.31-2.26 <0.01 1.62 1.21-2.16 <0.01
Neuropathy 1.21 0.88-1.67 0.24 1.31 0.93-1.84 0.12
Cardiovascular disease 1.20 0.86-1.66 0.28 1.22 0.87-1.72 0.26

Model 1: Adjusted for age; Model 2: Adjusted for age, sex, body mass index, systolic blood pressure, glycated hemoglobin, total calcium, phosphorus,

duration of diabetes, type of medication, and season.
OR, odds ratio; CI, confidence interval.

than that in the 2006 to 2008 KNHANES, in which 47.3% and
64.5% of the included adult male and female patients aged 19
years, respectively, were vitamin D-deficient [9]. Vitamin D
level was affected by age, obesity, sun exposure, and even dia-
betes itself; in comparison to that in the KNHANES, our study
population was older and more obese and had a longer duration
of diabetes. A previous study including 9,524 patients with
T2DM aged 50 to 75 years in Australia, New Zealand, and Fin-
land reported vitamin D deficiency in 47.9% of the population
[20]. In Asia, two Korean studies reported rates of 18.9% to
54% [13,21], a Japanese study reported a rate of 70.6% [22],
and a Chinese study reported a rate of 34.3% [23]. Additionally,
another study on Asians living in the UK reported an 83% prev-
alence of vitamin D deficiency among T2DM patients [24]. The
broad ranges of vitamin D status among the studies may be at-
tributed to differences in ethnicity, geography, season, sun expo-
sure, physical activity, age, and glycemic control status.
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In the present study, 2SOHD level was negatively associated
with UACR, and vitamin D deficiency was significantly associ-
ated with diabetic nephropathy after adjusting for multidirec-
tional variable parameters including age, sex, systolic blood
pressure, duration of diabetes, type of medication, total calcium,
phosphorus, HbAlc, and season comparable to the findings of a
previous study reporting that vitamin D deficiency increased the
risk of diabetic nephropathy progression [25]. An in vitro study
showed that vitamin D has a protective effect in the kidneys by
reducing levels of transforming growth factor- and SMAD3
proteins, which are involved in renal fibrosis and oxidative
stress [26]. In an animal study, diabetic vitamin D receptor
knockout mice developed severe albuminuria compared to dia-
betic wild-type mice [27]. A clinical study reported that 2 pg/day
supplementation of paricalcitol reduced microalbuminuria in
patients with diabetic nephropathy [28]. Taken together, these
findings demonstrate the negative effects of vitamin D deficien-
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cy on albuminuria and diabetic nephropathy. However, we
found no association between the 250HD level and retinopathy
or neuropathy in the present study. Several studies have demon-
strated the association between vitamin D deficiency and dia-
betic retinopathy [29,30], while others found no relationship
[14,31]. In the case of neuropathy, the data suggest that vitamin
D deficiency was associated with neuropathy [32-34]. We did
not perform identical methods or use the same diagnostic tools
to detect diabetic neuropathy in all patients, which might have
increased the false-negative rates; i.e., patients with diabetic
neuropathy who did not undergo vibration perception threshold
examination nor report abnormal sensations in their feet or
hands who could have been considered non-neuropathic pa-
tients.

We found that vitamin D deficiency was associated with hy-
pertriglyceridemia and low HDL level and that HDL remained
statistically significant after adjusting for other variables. These
results are in line with those of previous large-scale general
population studies reporting an association between lower vita-
min D levels and higher triglyceride and lower HDL levels
[35,36]. Another study reported that vitamin D level was posi-
tively associated with lipoprotein lipase activity, which acted as
a triglyceride hydrolase and bridging factor for receptor-mediat-
ed lipoprotein uptake [37]. A study on macrophages extracted
from obese, hypertensive T2DM patients showed that activated
vitamin D signaling prevented foam cell formation in the mac-
rophages, which is an early sign of atherosclerosis [38]. Togeth-
er, these observations indicate an association between a lower
vitamin D level and unfavorable lipid profiles. However, a pre-
vious study of T2DM patients reported insignificant results; the
relationship between vitamin D concentration and triglycerides
and/or HDL levels disappeared after adjusting for BMI or waist
circumference [16]. One possible explanation is that patients
with T2DM have ameliorated lipid metabolism compared to
that in the general population, which overwhelms the effect of
vitamin D on lipid profiles. Another possibility is that even
though we did not consider the number of patients taking statins
or fibrates, most patients are prescribed individualized doses or
types of lipid-lowering agents to reach lipid targets. The average
triglyceride and LDL-C levels in the present study were 160 and
92.4 mg/dL, respectively, indicating that these levels nearly op-
timal.

The strengths of our study include the large study population
and the statistically adjustment for seasonal variations. Although
we did not measure parathyroid hormone levels, we did adjust
for both calcium and phosphorus levels, which are closely relat-
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ed to vitamin D and the parathyroid hormone. The limitations
were that we were unable to determine the physical activity and
medications status other than that for diabetes, such as renin-an-
giotensin blocker of the patients. Furthermore, we could not ful-
ly account for neuropathy since we relied on medical records
for patients’ subjective reports and CPTs conducted before study
initiation. Lastly, the cross-sectional design makes it difficult to
establish causality.

In conclusion, vitamin D deficiency was highly prevalent
among Korean patients with T2DM and was independently as-
sociated with increased diabetic nephropathy. Additionally, low
vitamin D levels were related to higher triglyceride and lower
HDL-C levels in T2DM patients. Additional prospective studies
are needed to evaluate the effect of vitamin D on lipid metabo-
lism and diabetic complications.
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