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Objective: Low levels of serum 25-hydroxyvitamin D
[25(0H)D] are commonly found in type 2 diabetes. We
examined whether there is an association between
circulating 25(0H)D concentrations and the presence
of microvascular complications in people with type 2
diabetes.

Research design and methods: We studied 715
outpatients with type 2 diabetes who regularly attended
our clinic. Participants were evaluated for the presence
of microvascular complications (namely retinopathy
and/or nephropathy) by clinical evaluation, fundus
examination, urine examination and biochemical tests.
Serum 25(0H)D levels were also measured for each
participant.

Results: Hypovitaminosis D (ie, a serum 25(0H)D
level <30 ng/mL) was found in 75.4%, while deficiency
(ie, a 25(0H)D level <20 ng/mL) was found in 36.6%
of these patients. Serum 25(0H)D levels decreased
significantly in relation to the severity of either
retinopathy or nephropathy or both. In multivariate
logistic regression analysis, lower 25(0OH)D levels were
independently associated with the presence of
microvascular complications (considered as a
composite end point; OR 0.758; 95% CI 0.607 to
0.947, p=0.015). Notably, this association remained
significant even after excluding those with an estimated
glomerular filtration rate <60 mL/min/1.73 m2.
Conclusions: We found an inverse and independent
relationship between circulating 25(0H)D levels and the
prevalence of microvascular complications in patients
with type 2 diabetes. However, vitamin D may be
simply a marker and causality cannot be implied from
our cross-sectional study. Whether vitamin D
supplementation in patients with type 2 diabetes may
have beneficial effects on the risk of microvascular
complications remains to be investigated.

Low levels of 25-hydroxyvitamin D [25(OH)
D] are commonly found in people with type
2 diabetes.! ? A significant association
between lower serum 25(OH)D levels and
risk of all-cause and cardiovascular mortality

Low levels of 25-hydroxyvitamin D are com-
monly found in patients with type 2 diabetes.
Lower levels of 25-hydroxyvitamin D are strongly
associated with a greater prevalence of micro-
vascular complications  (retinopathy and/or
nephropathy) in patients with type 2 diabetes.
Lower levels of 25-hydroxyvitamin D are signifi-
cantly associated with the presence of diabetic
retinopathy and/or abnormal albuminuria even
after excluding those with an estimated glomeru-
lar filtration rate <60 mL/min/1.73 m?.

has been reported in different patient popu-
lations, including individuals with type 2 dia-
betes.” * The presence of microvascular
complications may predict an increased risk
of all-cause and cardiovascular mortality in
patients with both type 1 and type 2 dia-
betes.” ° Tt is well established that poor gly-
cemic control, hypertension, and longer
duration of diabetes are among the strongest
risk factors for the development and progres-
sion of microvascular complications, espe-
cially retinopathy and nephropathy.7 Some
recent epidemiological studies suggested a
significant association between low vitamin D
status and increased prevalence of diabetic
microangiopathy.” '’ However, an observa-
tional prospective study in 227 patients with
type 1 diabetes showed that severe vitamin D
deficiency independently predicted all-cause
mortality, but not development of diabetic
retinopathy or nephropathy.'' Currently,
there are limited data on the relationship
between vitamin D status and microvascular
complications in large samples of patients
with type 2 diabetes. An observational study
in 581 Japanese patients with type 2 diabetes
reported a significant inverse association
between serum 25(OH)D levels and the
number of microvascular complications.'®
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However, in this study, the independence of this associ-
ation was not examined in a multivariable regression
model.

Therefore, in this study, we examined whether there is
a significant relationship between serum 25(OH)D
levels and prevalence of diabetic retinopathy and/or
nephropathy in a large cohort of well-characterized
patients with type 2 diabetes. In particular, we assessed
whether serum 25(OH)D levels are independent predic-
tors of the presence of these microvascular complica-
tions in a multivariable regression model.

For this analysis, we recruited 715 outpatients with type
2 diabetes, who regularly attended our clinic and had a
serum 25(OH)D measurement available during the
years 2011-2012. The mean age of these patients was 68
12 years (range 26-94years) with 61% of women.
Patients were classified as having type 2 diabetes if the
diagnosis was made after age 35 years irrespective of
treatment, or irrespective of age of diagnosis if they were
treated with diet and/or hypoglycemic drugs. No
patients had overt cirrhosis or chronic renal failure. The
study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki. Informed consent for this
study was not obtained (and was exempted by the local
ethics committee) because de-identified data were
analyzed.

Body mass index (BMI) was calculated by dividing
weight in kilograms by the square of height in meters.
Blood pressure was measured with a standard mercury
manometer. Venous blood was drawn in the morning
after an overnight fast in all patients. Serum creatinine
(measured using a Jaffé rate-blanked and compensated
assay), lipids, calcium, and other biochemical blood
measurements were determined by standard laboratory
procedures (DAX 96; Bayer Diagnostics, Milan, Italy).
Glycated hemoglobin (HbAlc) was measured according
to the Standard Operating Procedure of the IFCC
Reference, by an automated high-performance liquid
chromatography analyzer (Bio-Rad Diamat, Milan, Italy);
the upper limit of normality for our laboratory was
5.8%. Serum 25(OH)D concentrations were measured
using a chemiluminescent immunoassay (CLIA,
DiaSorin Liaison, Stillwater, USA) with a coefficient of
variation of 8.6%. The season for vitamin D measure-
ments was coded as 0 from April to September and as 1
from October to March. Serum parathyroid hormone
(PTH) levels were measured on Elecsys 2010 by an elec-
trochemiluminescence immunoassay (Roche Diagnostics
GmbH).

Patients were considered to have arterial hypertension
if their blood pressure values were >140/90 mm Hg or
they were taking any antihypertensive drugs. Estimated
glomerular filtration rate (e-GFR) was estimated from
the four-variable Modification of Diet in Renal Disease
(MDRD) study equation.'"” The urinary albumin

excretion rate was measured from a 24 h urine sample
by an immunonephelometric method. The presence of
abnormal albuminuria (defined as urinary albumin
excretion rate >30 mg/day) was confirmed in at least
two of three consecutive samples. Nephropathy was
defined as the presence of abnormal albuminuria
(microalbuminuria and macroalbuminuria) and/or
e-GFRyprp <60 mL/min/1.73 m% The presence of dia-
betic retinopathy was diagnosed with indirect ophthal-
moscopy after pupillary dilation by a single
ophthalmologist. Diabetes treatment was categorized in
the diet, oral agents or insulin alone or associated with
oral agents.

Data are presented as means+SD or proportions. Skewed
variables (ie, diabetes duration, triglycerides, and 25
(OH)D level) were logarithmically transformed to
improve normality prior to analysis. The unpaired
Student t test, one-way analysis of variance, and the y*
test with Yates correction for continuity were used to
analyze the differences among the clinical and biochem-
ical characteristics of participants. Multivariate logistic
regression analysis was also performed to test the inde-
pendent association of the serum 25(OH)D level with
the presence of microvascular complications (ie, the
dependent variable). Two forced-entry multivariate
regression models were performed. The dependent vari-
able was included as a composite end point: patients
with neither retinopathy nor nephropathy (coded as 0)
and patients with both complications or with one or the
other (coded as 1). Covariates were chosen as potential
confounding factors on the basis of their significance in
univariate analysis or on the basis of their biological
plausibility. Results are presented as ORs with 95% Cls.
ORs for all continuous variables were computed for
each SD increase. Statistical analysis was performed with
SPSS V.19.0 statistical package software. p Values <0.05
were considered statistically significant.

The median serum 25(OH)D level was 19.6 ng/mL
(IQR 12.0-29.6 ng/mL) among the study participants.
Hypovitaminosis D (defined as a serum 25(OH)D level
<30 ng/mL) was present in 539 patients (75.4%),
whereas 262 patients (36.6%) had a serum 25(OH)D
level <20 ng/ml, configuring a state of vitamin D
deficiency.

As shown in table 1, patients with diabetes with hypovi-
taminosis D were younger and had lower low density-
lipoprotein cholesterol and higher values of BMI,
diastolic blood pressure, triglycerides and triglycerides-
to-high-density lipoprotein cholesterol ratio, and serum
PTH than their vitamin D-sufficient counterparts.
Notably, patients with hypovitaminosis D also had signifi-
cantly greater frequencies of diabetic retinopathy (any
degree) and nephropathy, principally abnormal
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Main clinical and biochemical characteristics of patients with type 2 diabetes grouped by vitamin D status

25(OH)D <30 ng/mL 25(0OH)D >30 ng/mL p Value

N 539 176 -

Sex (M/F) 212/327 63/113 0.228
Age (years) 67+13 73+9 <0.001
BMI (kg/m?) 32.1+8.1 28.7+5.9 <0.001
Duration of diabetes (years) 10+10 11+10 0.185
Systolic pressure (mm Hg) 138.4+19.1 137.7+18.1 0.683
Diastolic pressure (mm Hg) 81.1+11.1 78.6+9.5 0.005
HbA1c (%) 7.6+1.8 7.4+1.3 0.114
e-GFR (mL/min/1.73 m?) 75.6+24 1 73.3+17.6 0.220
Uric acid (mmol/L) 0.43+0.7 0.45+0.8 0.845
HDL-C (mmol/L) 1.3+0.5 1.4+0.5 0.097
LDL-cholesterol (mmol/L) 2.6+£0.8 2.8+0.8 0.043
TG (mmol/L) 1.7+0.9 1.5+0.8 0.010
TG/HDL-C ratio 1.5+1.2 1.2+0.9 0.010
Parathyroid hormone (pg/mL) 63.2+53.5 42.2+41.0 0.002
Serum calcium (mg/dL) 9.3+0.5 9.3+0.8 0.781
Retinopathy, any degree (%) 34% 24% 0.018
Nephropathy (%) 64% 53% 0.020
Abnormal albuminuria (%) 27% 15% 0.048
e-GFR <60 mL/min/1.73 m? (%) 25% 22% 0.287

Continuous variables are reported as means+SD, and categorical variables as absolute or relative frequencies. Two tails Student t test or >
test have been employed to compare continuous and categorical variables, respectively.

25(0OH)D, 25-hydroxyvitamin D; BMI, body mass index; e-GFR, estimated glomerular filtration rate; F, female; HbA1c, glycated hemoglobin;
HDL-C, high-density lipoprotein cholesterol; LDL, low-density lipoprotein; M, male; TG, triglycerides.

albuminuria. No significant differences were observed in
sex distribution, duration of diabetes, HbAlc, calcium,
uric acid level, and e-GFR level between the groups.

As shown in figure 1, there was an inverse graded rela-

tionship between serum 25

(OH)D levels and the severity

of diabetic retinopathy (data were adjusted for age).
A similar trend (figure 2) was also observed when

patients were grouped by
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Serum 25-hydroxyvitamin D [25(OH)D] levels
stratified by clinical grades of diabetic retinopathy. Data are
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as means+SD.

with diabetes with nephropathy (defined as abnormal
albuminuria and/or e-GFR <60 mL/min/1.73 m2) had
significantly lower age-adjusted levels of serum 25(OH)
D than those without nephropathy.
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Serum 25(OH)D levels stratified by the presence or
absence of nephropathy. The presence of nephropathy was
defined as abnormal albuminuria (urinary albumin excretion
rate >30 mg/day) and/or e-GFRuprp <60 mL/min/1.73 m2.
Data are adjusted for age and reported as means+SD. 25
(OH)D, 25-hydroxyvitamin D; e-GFR, estimated glomerular
filtration rate; MDRD, Modification of Diet in Renal Disease.
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To further examine the relationship between serum
25(OH)D levels and microvascular complication status,
we performed multivariable logistic regression analyses
in which the presence of microvascular complications,
that is, the dependent variable, was defined as a compos-
ite measure inclusive of retinopathy and/or nephropa-
thy. Results of two forced-entry logistic regression
models are showed in table 2. Higher serum 25(OH)D
levels were independently associated with a reduced risk
of prevalent microvascular complications (OR 0.758;
95% CI 0.607 to 0.947, p=0.015 for each SD increase in
25(OH)D level (ie, 13 ng/mL)). Notably, other inde-
pendent predictors of microvascular complications were
male sex, older age, higher HbAlc, longer duration of
diabetes, and higher systolic blood pressure (table 2).

Lastly, as a sensitivity analysis, we performed the above
logistic regression analyses after excluding those (n=170)
with e-GFR <60 mL/min/1.73 m% Also in this case, the
serum 25(OH)D level was inversely associated with the
presence of microvascular complications (ie, retinopathy
and/or abnormal albuminuria), independently of poten-
tial confounding variables (OR 0.689, CI 95% 0.532 to
0.892; p=0.005 for each SD increase in vitamin D).

In this cross-sectional study, we assessed the association
between circulating 25(OH)D levels and the presence of
diabetic retinopathy and/or nephropathy in a large out-
patient cohort of individuals with type 2 diabetes.

In accord with previous studies,l 2 " we found that
the prevalence of vitamin D insufficiency (75.4%) or
deficiency (36.6%) is very high in people with type 2 dia-
betes. Vitamin D insufficiency/deficiency is a growing
epidemic condition worldwide.'® '° Using the National
Health and Nutrition Examination Survey (NHANES)
1988-1984 and NHANES 2001-2004 databases, Ginde
et al'” showed a significant decreasing trend in serum 25
(OH) levels in the US population. Accordingly, Lippi

et al'® found that low serum 25(OH)D levels are com-
monly found in a large cohort of unselected outpatients,
who lived in the same geographical area of patients
enrolled in our study. In particular, they found that a
serum 25(OH)D level <30 ng/mL was present in
approximately 50% of men and women aged >60 years.
Similar findings have been reported by other investiga-
tors among 6403 unselected medical inpatients and out-
patients, who attended the laboratory Hospital of
Vicenza, a town in Northern Italy.19

The main finding of our study indicates that there was
a significant inverse association between circulating
vitamin D concentrations and the presence of diabetic
retinopathy and/or nephropathy in patients with type 2
diabetes. This association was independent of a broad
number of potential confounders, such as season meas-
urement, age, sex, duration of diabetes, BMI, blood pres-
sure, HbAlc, and plasma lipids. Comprehensively, the
rate of these microvascular complications was reduced
by approximately 25% for each SD increase (ie, 13 ng/
mL) in serum 25(OH)D level. Of interest, this inverse
and independent association was maintained even when
the analysis was restricted only to participants with
e-GFR above 60 mL/min/1.73 m®.

Collectively, our findings confirm and extend the
results of some previous smaller studies showing an
inverse, significant relationship between low vitamin D
status and the presence of diabetic microvascular com-
plications.s_lo 1220 Indeed, we examined a large cohort
of outpatients with well-characterized type 2 diabetes
and were able to adjust for important confounders.
A previous study on 581 Japanese patients with type 2
diabetes found an inverse, significant association
between serum 25(OH)D levels and the number of
microvascular complications.12 Vitamin D deficiency was
also associated with self-reported peripheral neuropathy
symptoms in relatively small samples of patients with
type 2 diabetes.”! % Furthermore, a significant associ-
ation between hypovitaminosis D and albuminuria has

Multiple logistic regression analyses showing the association of serum 25(OH)D levels with the presence of the
composite microvascular end point, inclusive of diabetic retinopathy and/or nephropathy

Regression model 1

Regression model 2

OR 95% ClI p Value OR 95% ClI p Value
25(0OH)D (ng/mL) 0.723 0.599 to 0.871 0.001 0.758 0.607 to 0.947 0.015
Sex (M vs F) 2.430 1.651 to 3.577 <0.001 2.315 1.443 to 3.715 0.001
Age (years) 1.977 1.559 to 2.507 <0.001 2.013 1.473 to 2.750 <0.001
BMI (kg/m?) 1.180 0.927 to 1.502 0.180 1.086 0.788 to 1.497 0.616
Systolic blood pressure (mm Hg) 1.263 1.001 to 1.594 0.049
HbA1c (%) 1.603 1.219 t0 2.108 0.001
TG/HDL-C ratio 1.072 0.842 to 1.364 0.573
Diabetes duration (years) 2.341 1.741 to 3.147 <0.001
Season measurement (winter) 1.474 0.934 to0 2.328 0.096

A composite microvascular complication end point was present in 401 patients. All continuous variables included in the two regression models

were modeled for each SD increase.

25(0OH)D, 25-hydroxyvitamin D; BMI, body mass index; F, female; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol;

M, male; TG, triglyceride.
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also been reported;23 however, in a small randomized
clinical trial, vitamin D supplementation was ineffective
in ameliorating proteinuria in patients with diabetes
with proven nephropathy, who received vitamin D for a
period of 3 months.?* A recent study on 517 young
patients with type 1 diabetes reported a significant
inverse association of serum 25(OH)D levels with retin-
opathy, in accord with our results.”®

Therefore, all these findings suggest that lower 25
(OH)D levels and microvascular complications (princi-
pally diabetic retinopathy and nephropathy) are strictly
inter-related. However, whether low vitamin D status is
the cause or result of the presence of microvascular
complications is presently unknown. Among the putative
biological mechanisms that might underlie this associ-
ation, at least two deserve attention: neoangiogenesis
and chronic inflammation.'® Calcitriol [1,25(OH)sD]
was a powerful inhibitor of angiogenesis both in mouse
models of retinopathy and in in vitro studies on retinal
endothelial cells.?® %7 Calcitriol was also a potent inhibi-
tor of tumor cell-induced angiogenesis.28 The effect of
vitamin D on angiogenesis might be mediated by the
interaction with the vitamin D receptor (VDR). It has
been demonstrated that VDR is present in the human
retina, and VDR polymorphisms are closely related to
retinopathy risk in patients with type 1 diabetes.?® A sig-
nificant inverse association between serum 25(OH)D
levels and plasma C reactive protein was reported in US
adults.* However, studies with vitamin D supplementa-
tion were unable to show any significant changes in
plasma inflammatory biomarkers.”' **

On the other hand, experimental studies have sug-
gested a possible detrimental effect of low levels of
serum 25(OH)D on the progression of nephropathy.
Diabetic VDR knockout mice developed more severe
albuminuria and glomerulosclerosis compared with dia-
betic wild-type mice.”® Some in vitro studies also sug-
gested that calcitriol may protect the kidney by other
potential deleterious mechanisms, such as the reduction
of expression of transforming growth factor-, fibronec-
tin, renin, angiotensinogen, and NF-«B.>* % Of interest,
some small intervention studies in humans have also
reported that, in the short term (4 months), dietary
vitamin D repletion with cholecalciferol had a beneficial
effect in delaying the progression of diabetic nephropa-
thy above that due to the established renin-angiotensin-
aldosterone system inhibition.*® Finally, a recent
meta-analysis suggested that the FokI polymorphism in
the VDR gene might affect individual susceptibility to
diabetic nephropathy in Caucasian individuals.®”
However, it is important to remark that there is currently
insufficient evidence of beneficial effect to recommend
vitamin D supplementation as a means of reducing the
development or delaying the progression of microvascu-
lar complications in patients with diabetes. In addition,
recent systemic reviews and meta-analyses reported that
although several observational studies showed a strong
association of low vitamin D concentrations with

mortality risk and occurrence of osteoporotic fractures,
falls, and various non-skeletal diseases, the results of
myriad recent randomized controlled trials are almost
unanimous in concluding that vitamin D supplementa-
tion provides protection from few, if any, of these out-
comes.”*1° Thus, it looks increasingly likely that low
vitamin D is not a cause but a marker of ill health.

Our study has some important limitations. First, the
cross-sectional design of this study precludes making any
causal inferences about the relationship between low 25
(OH)D levels and microvascular complications of dia-
betes. Second, we did not measure 1,25-di-idroxyvitamin
D levels, and nor did we have any information about the
use of vitamin D supplements among these participants.
Finally, as in all observational studies, we cannot a priori
exclude that hidden biases or the inability to account
for all factors related to vitamin D metabolism might
have limited our multivariate approach. Notwithstanding
these limitations, our study has some important
strengths, such as the large sample size, the availability
of extensive data on multiple covariates, and the com-
pleteness of the data set.

In conclusion, the results of this cross-sectional study
indicate that there is an inverse and independent associ-
ation between circulating 25(OH)D levels and the pres-
ence of diabetic retinopathy and/or nephropathy in
patients with type 2 diabetes. Whether vitamin D supple-
mentation in people with type 2 diabetes may exert any
beneficial effects on the development and progression
of these microvascular complications is still a matter of
intense debate. Future large randomized controlled
trials are needed to improve an understanding of this
issue.
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