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25-hydroxyvitamin D deficiency is associated
with an increased risk of metabolic syndrome
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Abstract. Background: Patients with
chronic kidney disease (CKD) not requiring
dialysis have a high prevalence of 25-hy-
droxyvitamin D (25(OH)D) deficiency but
the relationship between 25(OH)D levels
and metabolic syndrome is unknown in this
population. Methods: This study analyzed
stored plasma samples from 495 non-dia-
betic subjects with severe kidney disease,
not yet on dialysis, who participated in the
homocysteine in kidney and end stage renal
disease study. Metabolic syndrome was de-
fined as the presence of all three of the fol-
lowing: (1) Serum triglycerides > 150 mg/dl
or drug treatment for hypertriglyceridemia;
(2) serum high density lipoprotein-cholester-
ol (HDL-C) < 50 mg/dl for women or < 40
mg/dl for men or drug treatment for dyslipid-
emia; and (3) blood pressure > 130/85 mmHg
or drug treatment for hypertension. Multi-
variate logistic regression models were used
to evaluate the cross-sectional association
between plasma 25(OH)D levels and meta-
bolic syndrome. Results: The prevalence of
metabolic syndrome increased as 25(OH)D
levels declined, with the highest prevalence
in participants with 25(OH)D levels < 20 ng/
ml. Participants with 25(OH)D levels < 20
ng/ml had a significantly increased risk of
metabolic syndrome compared to subjects
with levels > 30 ng/ml after adjustment for
multiple confounders (OR 2.25, 95% CI
1.25 — 4.07). Plasma 25(OH)D levels were
inversely associated with diastolic blood
pressure (R = —0.10, p = 0.029) and serum
triglyceride levels (R = —0.14, p = 0.002).
Conclusion: 25(OH)D deficiency is strongly

associated with an increased risk of meta-
bolic syndrome in non-diabetic patients with
severe CKD not yet on dialysis, independent
of cardiometabolic risk factors and other im-
portant regulators of mineral metabolism.

Introduction

Chronic kidney disease (CKD) is a grow-
ing public health concern, as it is a major
risk factor for progression to end stage renal
disease, cardiovascular events, and all-cause
mortality [1]. Risk-factor modification strat-
egies proven to attenuate risk in the general
population are often shown to be non-effi-
cacious in severe CKD patients [2, 3]. The
identification of other non-traditional, modi-
fiable cardiovascular (CVD) risk factors in
this patient population is critical.

The metabolic syndrome (MetS), a con-
currence of multiple metabolic abnormalities
including insulin resistance, hyperglycemia,
hypertension, abdominal obesity, elevated
serum triglyceride levels and decreased se-
rum high-density lipoprotein cholesterol
(HDL-C) levels, is associated with the de-
velopment of Type 2 diabetes and cardiovas-
cular disease [5]. Concomitant with the epi-
demic of obesity in the United States (US),
the prevalence of MetS is also increasing. In
the general adult population, the prevalence
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is estimated to be 23.7% [5]. Interestingly,
the prevalence of MetS increases as kid-
ney function declines [6]. In a study of US
adults, the prevalence of MetS was 18% in
those with an estimated glomerular filtration
rate (¢GFR) of > 90 ml/min/1.73 m? and in-
creased to 36.5% in those with an eGFR <45
ml/min/1.73 m? [6]. Several studies have
demonstrated that MetS is a risk factor for
death, cardiovascular disease, and incident
CKD in the general population [7, 8, 9, 10,
11, 12]. In the CKD population, MetS is also
an independent risk factor for cardiovascular
events [3, 6, 7]. Modification of traditional
risk factors does not ameliorate the risk of
cardiovascular disease in CKD patients with
MetS [3]. Hence, the identification of other
risk factors is paramount.

25-hydroxyvitamin D (25(OH)D) defi-
ciency has been identified as a nontraditional
risk factor for cardiovascular disease in both
the general and CKD populations [13, 14].
Vitamin D deficiency is also associated with
the development of diabetes [15], insulin
resistance [16, 17, 18] and the MetS [19] in
the general population. In an analysis of the
Third National Health and Nutrition Exami-
nation Survey (NHANES), the odds of de-
veloping MetS decreased across increasing
quintiles of serum 25(OH)D concentrations
[19]. Since low serum 25(OH)D levels and
the MetS are more common in CKD patients
than in the general population, it is reason-
able to speculate that 25(OH)D deficiency
is associated with MetS. However, to our
knowledge, this association has not been
examined in patients with severe CKD not
requiring dialysis.

In the present study, we tested the hy-
pothesis that low plasma 25(OH)D level is
associated with an increased risk of MetS in
patients with severe CKD who participated
in the Homocysteinemia in Kidney and End
Stage Renal Disease (HOST) Study.

Subjects and methods

Homocysteinemia in kidney and
end stage renal disease study
(HOST)

The details of the HOST Study have been
described previously [20]. The HOST Study

was a multicenter, prospective, randomized,
double-blind, placebo-controlled trial exam-
ining the effects of folate, pyridoxine hydro-
chloride (vitamin Bg) and cyanocobalamin
(vitamin Bj,) on death and cardiovascular
events in patients with severe kidney disease
and elevated plasma total homocysteine con-
centrations. Between September 2001 and
October 2003, 2,056 participants from 36
veterans affairs medical centers aged 21 years
or older with end stage renal disease (ESRD)
receiving either maintenance hemodialysis
or peritoneal dialysis (n = 751) or estimated
creatinine clearance (calculated by the Cock-
croft-Gault formula) of less than 30 ml/min
but not on chronic dialysis (n = 1,305) and a
plasma total homocysteine concentration of
15 pmol/l or higher were enrolled. Partici-
pants were excluded if they were pregnant,
had a life expectancy less than 6 months,
end-stage liver disease or metastatic cancer,
taking methotrexate, antifolate medication
or anticonvulsants, expected to receive a
living related kidney donation in the next 6
months, noncompliant with medications, or
unable to give informed consent. All partici-
pants provided informed consent and each
center’s institutional review board approved
the study. Participants were randomized to
receive either a once-daily capsule contain-
ing 40 mg of folic acid, 100 mg of vitamin Bg
and 2 mg of vitamin B, or a daily placebo
capsule. The primary results showed no sig-
nificant difference in all-cause mortality or
cardiovascular outcomes in the treatment vs.
placebo groups [20].

Study population and samples

Participants who had diabetes (n = 602;
46%) or who initiated chronic hemodialysis
within 3 months after randomization (n = 34;
2.6%) or for whom a plasma sample was
not available for 25(OH)D measurement
(n=174; 13.2%) were excluded, resulting in
a final sample of 495 subjects for the present
analysis. The plasma samples were collected
3 months after randomization. The plasma
was separated and stored centrally at —80 °C
until assays were performed. The HOST ex-
ecutive committee and the cooperative stud-
ies program of the department of veterans af-
fairs authorized the use of the stored plasma
samples for the measurement of 25(OH)D,
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1,25- dihydroxyvitamin D (1,25(OH),D), in-
tact parathyroid hormone (iPTH) and fibro-
blast growth factor 23 (FGF-23) concentra-
tions.

Predictor

The plasma 25(OH)D level measured
3 months after randomization was the pri-
mary exposure variable in this analysis. All
laboratory measurements were performed
at ARUP Laboratories at the University of
Utah. 25(OH)D was measured by a com-
mercial competitive chemiluminescent im-
munoassay on a Liaison analyzer from Dia-
Sorin, Stillwater, MN, USA. The analytical
measurement range for the 25(OH)D assay is
7 — 150 ng/ml. The intra-assay coefficients of
variations (CVs) were 5.6% and 4.5% at 11
and 28 ng/ml, respectively. The inter-assay
CVs were 9.1% and 5.6% at 16 and 51 ng/
ml, respectively. Serum total cholesterol,
low-density lipoprotein cholesterol (LDL-
C), HDL-C and triglyceride levels were
measured at each local site using standard
techniques. A modified kinetic Jaffe reaction
at each local site was used to measure serum
creatinine [21].

Outcome

MetS was the primary outcome of interest
and was defined based on the national choles-
terol education program/adult treatment panel
(ATP) III guidelines. MetS was defined as the
presence of all three of the following compo-
nents: 1) serum total triglycerides > 150 mg/dl
or drug treatment for hypertriglyceridemia; 2)
HDL-C <50 mg/dl for women and < 40 mg/dl
for men or drug treatment for dyslipidemia; 3)
blood pressure > 130/85 mm Hg or drug treat-
ment for hypertension. Abdominal obesity
and fasting plasma glucose were not included
in the definition as this information was not
available in the HOST database.

Baseline demographic and
clinical data

Baseline information collected at the time
of randomization included a complete his-

tory and physical examination, demograph-
ics, health status, smoking status, history of
alcohol intake, etiology of kidney disease,
history of hypertension and cardiovascular
disease and use of medications including
antihypertensive agents and lipid-modifying
drugs. Systolic and diastolic blood pressure
was measured in a standard fashion [20].
Although estimated creatinine clearance
(calculated by the Cockcroft-Gault formula)
was used for eligibility of the HOST study,
for the purpose of this analysis, GFR was es-
timated using the 4-variable MDRD predic-
tion equation [22].

Plasma 1,25(OH),D was measured by a
commercial competitive radioimmunoassay
from DiaSorin, Stillwater, MN, USA. The
range of the assay is 5 — 200 pg/ml. The in-
tra-assay CV was 12.6% and 9.7% at 13 and
45 pg/ml, respectively. The inter-assay CVs
were 21.4% and 14.7% at 25 pg/ml and 56
pg/ml, respectively. iPTH was measured by
an electrochemiluminescent immunoassay
with a reference range of 15 — 65 pg/ml. The
intra and interassay CVs were both less than
5%. C-terminal FGF-23 concentrations were
measured using a second-generation two-
site ELISA kit (Immutopics, San Clemente,
CA, USA) with antibodies directed against
two epitopes within the C-terminal region
of the FGF-23 molecule [23]. The analyti-
cal measurement range for the FGF-23 as-
say was 3.0 — 2,300 RU/ml. The intra-assay
coefficients of variations (CVs) were 2.6%
and 1.4% at 32.1 and 299.2 RU/ml, respec-
tively. The inter-assay CVs were 3.4% and
4.4% at 32.1 and 299.2 RU/ml, respectively.
All these laboratory measurements were per-
formed at ARUP Laboratories at the Univer-
sity of Utah. Serum albumin, serum calcium
and serum phosphorus were measured at lo-
cal sites using standard techniques.

Statistical analysis

Demographic and clinical data includ-
ing cardiovascular risk factors were com-
pared across 25(OH)D levels through the use
of the chi-square test for categorical data,
ANOVA for continuous variables that are
approximately normally distributed, and the
Kruskall-Wallis test for skewed continuous
variables.
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Table 1. Baseline characteristics of participants by plasma 25(OH)D levels.

Characteristic Plasma 25(0OH)D p value for
< 20 ng/ml 20 — 30 ng/ml > 30 ng/ml trend
(n =228) (n=162) (n =105)
Age (years) 68 + 12 71+£12 7210 0.0016
Sex (% Male) 98.2 98.8 99.0 0.54
Race (% Black) 39.5 18.2 14.6 < 0.0001
CVD (%) 447 50.6 61.9 0.004
Hypertension (%) 95.6 95.7 93.3 0.43
Current smoking (%) 62.1 42.7 39.1 0.004
Alcoholic drinks per week 1.30 £ 3.6 1.50+5.3 0.73+22 0.34
Treatment arm of HOST (%) 49.6 46.9 52.4 0.76
BMI (kg/m?) 26.8+4.3 26.6 +4.8 26.0+4.0 0.14
SBP (mmHg) 140 + 22 140 + 21 138 + 18 0.53
DBP (mmHg) 75+13 73+13 72+ 11 0.059
MDRD-eGFR (ml/min/1.73 m?) 17.7+£6.6 17.9+6.6 194 £6.7 0.04
Albumin (g/dl) 4104 42+04 42+05 0.0006
Phosphorus (mg/dl) 42+1.2 43+21 41+1.0 0.68
Calcium (mg/dl) 8.9+0.7 8.9%0.7 9.0+0.6 0.27
1,25(0OH),D (pg/ml) 17.7 £ 8.1 242+12.6 27.7+12.4 < 0.0001
iPTH (pg/ml) 225 + 180 158 + 120 144 + 123 < 0.0001
FGF-23 (RU/mlI) 1,212 + 3,050 793 £ 1,024 873 £ 2,252 0.14
Total cholesterol (mg/dl) 181 £ 43 176 + 38 164 + 37 0.0006
Triglycerides (mg/dl) 197 £ 180 169 £ 95 142 £ 71 0.0006
LDL-C (mg/dl) 100 * 33 99 + 33 93 + 31 0.13
HDL-C (mg/dI) 45+ 19 44 £ 16 43+ 11 0.32

Values are expressed as mean + standard deviation unless otherwise specified. CVD = cardiovascular disease; BMI = body mass
index; SBP = systolic blood pressure; DBP = diastolic blood pressure; MDRD-GFR = glomerular filtration rate calculated using the
Modification of Diet in Renal Disease formula; TG = triglyceride; LDL = low density lipoprotein cholesterol; HDL = high density lipopro-
tein cholesterol; Calcium = albumin-adjusted serum calcium; 25(0OH)D = 25-hydroxyvitamin D; 1,25(0OH),D = 1,25-dihydroxyvitamin
D; FGF-23 = fibroblast growth factor 23; iPTH = intact parathyroid hormone.

Plasma 25(OH)D level was evaluated
as a categorical variable. Plasma 25(OH)D
levels were divided into clinically meaning-
ful cutoffs based on previous studies: < 20,
20 — 30 and > 30 ng/ml, with > 30 ng/ml as
the reference group [14, 24, 25]. The cross-
sectional association between 25(OH)D lev-
els and MetS was analyzed using logistic
regression models. We considered a priori
variables that may be associated with vitamin
D concentrations and metabolic syndrome as
potential confounders in multivariate mod-
els, including important clinical variables,
cardiometabolic risk factors, and factors re-
lated to calcium and phosphorus metabolism.
To permit the most useful interpretation of
our results in addition to unadjusted models,
we used the following concentrations of ad-
justment. Model 1 included age, gender, race
and season; Model 2 included covariates in
Model 1 plus BMI, history of cardiovascular
disease, treatment arm, serum albumin levels
and eGFR; Model 3 included covariates in

Model 2 plus smoking status, alcohol intake,
serum calcium, phosphorus, plasma iPTH,
1,25(0OH),D, and FGF-23; Model 4 included
covariates in Model 3 plus history of hyper-
tension. Two-tailed values of p < 0.05 were
considered statistically significant. Pearson
correlation coefficients were used to exam-
ine the relationship between 25(OH)D levels
and components of the MetS including sys-
tolic and diastolic blood pressure, triglycer-
ides and HDL-C. The relationship between
25(OH)D levels and BMI was also exam-
ined. All statistical analyses were performed
with SAS software, version 9.13 (SAS Insti-
tute, Cary, NC, USA).

Results

Table 1 lists the baseline characteristics
of the participants across plasma 25(OH)D
levels. Participants with the lowest vitamin
D levels (< 20 ng/ml) were more likely to be
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Figure 1. Prevalence of metabolic syndrome

across plasma 25-hydroxyvitamin D levels.

Cl) of metabolic syndrome according to plasma

Plasma 25(0OH)D
< 20 ng/ml 20 — 30 ng/ml > 30 ng/ml
Model 1 1.86 (1.11, 3.07) 1.21 (0.73, 2.02) 1.00 (REF)
Model 2 2.11 (1.23, 3.63) 1.33 (0.78, 2.27) 1.00 (REF)
Model 3 2.27 (1.26, 4.10) 1.34 (0.78, 2.31) 1.00 (REF)
Model 4 2.25 (1.25, 4.07) 1.34 (0.78, 2.30) 1.00 (REF)

Model 1: adjusted for age,

gender, race and season; Model 2: adjusted for

covariates in model 1 plus body mass index, treatment arm, history of cardio-
vascular disease, estimated glomerular filtration rate and serum albumin lev-
els; Model 3: adjusted for covariates in model 2 plus smoking status, alcohol
intake, serum calcium, phosphorus, plasma intact parathyroid hormone, fibro-
blast growth factor 23, and 1,25-dihydroxyvitamin D; Model 4: adjusted for co-
variates in model 3 plus hypertension.

younger, Black, to smoke, to have higher to-
tal serum total cholesterol, triglyceride and
plasma iPTH levels and lower serum albu-
min and plasma 1,25(OH),D levels. Partici-
pants with vitamin D levels < 20 ng/ml had
a lower prevalence of cardiovascular disease
than those with levels > 30 ng/ml. There was
no significant relationship between plasma
FGF-23 concentrations and 25(OH)D levels.
The percentage of participants with a BMI
of <25, 25 - 30 and > 30 kg/m? was 38.2%,
41.0% and 20.8%, respectively. No difference
in the concentrations of mineral metabolism
markers (25(OH)D, 1,25(0OH),D, FGF-23 or
iPTH) were observed based on randomiza-
tion to either the intervention or the placebo
group in the original HOST study.

The prevalence of MetS across 25(OH)
D levels is depicted in Figure 1. The preva-
lence of MetS increased as 25(OH)D lev-
els declined, with the highest prevalence in
patients with 25(OH)D levels < 20 ng/ml
(percentage of subjects with MetS: 48.6%,
31.9% and 19.5% for 25(OH)D levels < 20,
20 — 30 and > 30 ng/ml, respectively).

We evaluated the association between
plasma 25(OH)D levels with individual
components of the MetS. We observed
that higher plasma 25(OH)D levels were
inversely correlated with diastolic blood
pressure (r = —0.10, p = 0.02), triglycerides
(r=-0.14, p = 0.001) but not with low-sex
specific cutoff of HDL-C (p > 0.20 for both)
and systolic blood pressure (p = 0.89). Even
though BMI was not included in our defini-
tion of MetS we also examined the correla-
tion between plasma 25(OH)D levels and
BMI given the known relationship between
obesity and 25(OH)D. We found that 25(OH)
D levels were inversely correlated with BMI
(r=-0.10, p=0.03).

The multivariable-adjusted associations
of 25(OH)D levels with MetS are shown
in Table 2. After adjustment for age, gen-
der, race and season (Model 1), participants
with plasma 25(OH)D levels < 20 ng/ml
had an 86% increased odds of MetS com-
pared to participants with levels > 30 ng/
ml (OR 1.86, 95% CI 1.11 — 3.07). After
further adjustment for BMI, treatment arm,
CVD, eGFR and serum albumin levels
(Model 2) participants with plasma 25(OH)
D levels < 20 ng/ml had over a 2-fold in-
creased risk of MetS compared to those
with levels > 30 ng/ml (OR 2.11, 95% CI
1.23-3.63). A plasma 25(OH)D level < 20
ng/ml remained strongly associated with an
increased risk of MetS after adjustment for
the covariates in Models 1 and 2 plus regula-
tors of mineral metabolism including serum
calcium, phosphorus, plasma 1,25(OH),D,
iPTH and FGF-23, smoking status and alco-
hol intake (OR 2.27, 95% CI 1.26 — 4.10).
The results were unchanged when hyperten-
sion was added in Model 4 (OR 2.25, 95%
CI 1.25 — 4.07). Compared to a level > 30
ng/ml, there was no increased risk of MetS
in participants with a plasma 25(OH)D level
between 20 and 30 ng/ml. Notably, when
25(OH)D levels were subdivided by 1 ng/ml
decreases instead of clinically accepted cut-
offs of 25(OH)D deficiency, the risk of met-
abolic syndrome was markedly increased
when the 25(OH)D level was < 20 ng/ml.
We repeated the models using 1,25(OH),D,
iPTH, and FGF-23 concentrations as the
exposure variable and found no significant
association of these variables with MetS (re-
sults not shown).
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Discussion

In non-diabetic patients with severe CKD
not yet on dialysis in the present study, lower
plasma 25(OH)D levels are independently
associated with a higher risk of MetS. These
findings were present even after adjusting for
traditional risk factors for cardiometabolic
disorders and for other important regula-
tors of mineral metabolism (calcium, phos-
phorus, 1,25(0OH),D, iPTH and FGF-23).
Additionally, plasma 25(OH)D levels were
inversely associated with individual compo-
nents of the MetS.

Most of our understanding of the associa-
tion of vitamin D levels and MetS are derived
from the general population. Ford et al. [19],
used a cross-sectional analysis of the THIRD
NATIONAL HEALTH AND NUTRITION
EXAMINATION SURVEY (NHANES) data-
base to show that the odds of having MetS de-
creased across increasing quintiles of 25(OH)
D levels. Several other observational studies
have confirmed an inverse association be-
tween 25(OH)D levels with the risk of MetS
in the general population [26, 27, 28, 29, 30],
while others have found no such association
[31, 32, 33]. The conflicting results in the lit-
erature may be due to differences in the study
populations, baseline 25(OH)D levels and the
inability of some studies to control for adipos-
ity and iPTH. For example, mean 25(OH)D
levels were greater than 40 ng/ml in a study
of community dwelling older adults [32] that
did not find an association between 25(OH)
D and MetS, whereas 25(OH)D levels were
on average 20 ng/ml in studies that did find
such an association [28]. Furthermore, sev-
eral studies that found an association between
lower 25(OH)D levels and MetS did not con-
trol for adiposity, iPTH or kidney function.
All of these factors are associated with MetS
and vitamin D levels and therefore should be
considered important confounders [19, 28,
30]. Thus, our findings are of note as we found
a significant inverse association between
plasma 25(OH)D levels and MetS in patients
with CKD, even after controlling for iPTH
and BMI. BMI is a measure of the degree of
adiposity but may not be a good surrogate
for abdominal obesity. Unfortunately we did
not have information on waist circumference
in our study. Nonetheless, to our knowledge,
this is the first study evaluating the cross-sec-

tional relationship between plasma 25(OH)D
levels and MetS in patients with severe CKD
not yet requiring dialysis. The magnitude of
the association between 25(OH)D levels and
MetS in our study is similar to studies in the
general population. For example, similar to
our findings, in the study by Ford et al. [19],
non-diabetic subjects in the lowest quintile
of 25(OH)D had over a 2-fold increased risk
of MetS compared to subjects in the highest
quintile (adjusted OR 2.17, p <0.001). Anoth-
er study of middle aged and elderly Chinese
subjects found that those in the lowest quintile
of 25(OH)D had a 52% increased risk of MetS
compared to those in the highest quintile (ad-
justed OR 1.52, p = 0.0002) [30]. However,
these findings in the general population may
have been attenuated had they been adjusted
for iPTH and kidney function. Thus, our abil-
ity to adjust for other regulators of mineral
metabolism including iPTH, 1,25(OH),D and
FGF23 is a key strength to our findings.

The incidence and prevalence of MetS
have been shown to increase as kidney func-
tion declines [6, 34]. In patients with CKD,
MetS is important for several reasons. First,
it is a significant independent predictor of
CVD which is the leading cause of death
in patients with CKD. In a study of 200 pa-
tients with advanced CKD, MetS was inde-
pendently associated with over a 2-fold in-
creased risk of CVD [3]. In the Multiethnic
Study of Atherosclerosis (MESA) subjects
with CKD and MetS had an adjusted haz-
ard ratio of 5.56 (95% CI 3.72 — 8.12) for
incident cardiovascular disease compared to
subjects without MetS [35]. Second, MetS
may be a risk factor for progression of CKD.
In a study of patients with CKD Stages 1 — 3,
patients with MetS had a 60% increased risk
of CKD progression compared to those with-
out MetS. However, in patients with more
severe CKD (Stage 4 and 5) MetS did not
predict progression [36]. Whether MetS re-
sults in risk of CKD progression beyond its
individual components is still unclear and re-
quires further study. Data does suggest that
prevention or early treatment of MetS could
potentially improve outcomes in patients
with CKD. Our findings suggest that vitamin
D deficiency may be a modifiable risk factor
for MetS in patients with severe CKD.

The mechanism by which vitamin D de-
ficiency causes MetS in patients with CKD



Seiki, Chonchol, Cheung et al.

438

is likely multifactorial with abnormalities
in glucose and insulin metabolism, obesity,
hypertension and dyslipidemia all playing a
role. Observational studies have noted an as-
sociation between decreased serum 25(OH)
D level and visceral adiposity [37, 38, 39].
25(0OH)D levels progressively decrease as
the percent of total body fat increases [40].
It is thought that because vitamin D is a fat-
soluble vitamin, it is sequestered in fat stores
which represent a barrier for its release into
the circulation [37, 38, 39]. However, Bell et
al. [41] hypothesized that hypovitaminosis D
in obese subjects is the result of secondary
hyperparathyroidism and increased serum
1,25(0H),D levels, which provides nega-
tive feedback inhibition on liver 25(OH)D
synthesis. Thus, adiposity may play a large
role in the association between vitamin D
and MetS. Information on abdominal obesity
was not available in the HOST Study, but we
were able to adjust for BMI, plasma PTH
and 1,25(0OH),D levels and show an associa-
tion between vitamin D and MetS in CKD
patients independent of these important con-
founders.

Dyslipidemia is another important com-
ponent of the MetS. Concordant with studies
done in the general population, we found an
inverse association between plasma 25(OH)
D levels and serum triglyceride levels [6,
27]. The mechanism for this association is
not well understood but it has been postulat-
ed that low 25(OH)D levels decrease intesti-
nal calcium absorption leading to decreased
fecal excretion of cholesterol [42]. Alterna-
tively, 25(OH)D deficiency may result in de-
creased hepatocellular calcium levels which
in turn stimulate hepatic triglyceride forma-
tion [43]. Further studies are needed to eval-
uate the relationship of low 25(OH)D levels
with high triglycerides levels.

Another way 25(OH)D may be contribut-
ing to MetS in patients with CKD is through
the development of hypertension. Several
studies have shown an association between
vitamin D and hypertension in the general
population [6, 44]. In our cohort of CKD
patients, we found an inverse correlation
between low plasma 25(OH)D levels and
higher diastolic blood pressures. The exact
mechanism by which vitamin D deficiency
results in hypertension is unknown but there
are several postulated mechanisms includ-

ing upregulation of the renin-angiotensin
system, decreased production of nitric oxide
by endothelial cells, and an increase in plas-
minogen activator inhibitor-1 [6, 44]. Small
studies in the general population have shown
decreases in blood pressure following sup-
plementation with vitamin D [45]. However,
to date, no randomized trials evaluating the
effect of vitamin D supplementation on hy-
pertension have been performed in the CKD
population.

Although we did not have data on insulin
resistance in the HOST study, abnormalities
in glucose and insulin metabolism likely play
a role in the association between vitamin D
and MetS in patients with CKD. Several
studies in the general population have found
that patients with impaired glucose metabo-
lism or diabetes have lower serum 25(OH)
D levels than subjects with normal glucose
tolerance [48]. Serum 25(OH)D levels have
also been found to be inversely associated
with plasma glucose, insulin resistance and 3
cell function in several observational studies
[15, 17, 28, 49].

Insulin resistance increases as kidney
function declines but the mechanism be-
hind this finding is unclear [17]. Given that
the prevalence of 25(OH)D deficiency also
increases as kidney function declines, it is
tempting to speculate that 25(OH)D defi-
ciency is an important cause of the increased
insulin resistance in patients with CKD. Ran-
domized trials are needed to evaluate wheth-
er supplementation with vitamin D improves
insulin resistance and decreases the risk of
MetS in patients with CKD.

Principal limitations to this study include
those that are inherent in cross-sectional
analysis, such as the inability to establish
a causal or temporal relationship between
25(OH)D and MetS. Second, the patient
population is predominantly male thereby
making these findings less generalizable to
female patients with CKD. Third, data on
abdominal obesity and hyperglycemia, the
other components of metabolic syndrome,
were not available in the HOST database for
our analysis. This exclusion of abdominal
obesity is important because adiposity is as-
sociated with low serum 25(OH)D levels in
the general population. Studies have shown
that in CKD Stage 3 — 4, insulin resistance is
more dependent on BMI than on kidney func-
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tion [52]. Even though we were not able to
control for abdominal obesity, we were able
to adjust for BMI, 1,25(OH),D, and iPTH all
of which are important confounders in the
relationship between vitamin D and MetS.
Fourth, we did not have information on pa-
tient use of nutritional vitamin D supple-
ments or active vitamin D analogs. However,
given the time period the HOST study was
performed (September 2001 through Octo-
ber 2003), active vitamin D analogues and
nutritional vitamin D supplements were not
likely routinely given in patients with CKD
not requiring dialysis as KDOQI guidelines
were not available until the end of 2002. Fur-
ther, regardless of the use of nutritional vita-
min D supplementation, the end result was a
significant association between low plasma
25(0OH)D levels and the presence of MetS.
Additionally, we did not have any informa-
tion on socioeconomic status, diet, or history
of liver disease all of which potentially can
affect 25(OH)D levels. Finally, the definition
of kidney disease was based upon estimated
MDRD-GFR rather than more precise mea-
sures of kidney function such as iothalamate
clearance.

Despite these limitations, our study has
several important strengths. First, to our
knowledge this is the first study examin-
ing the association of 25(OH)D levels with
MetS in patients with severe CKD not re-
quiring dialysis. Second, the HOST study
from which these data were obtained had
a large patient population and a compre-
hensive dataset allowing for adjustment of
important cardiometabolic risk factors and
regulators of mineral metabolism. Third, all
laboratory measurements including 25(OH)
D, 1,25(0OH),D, PTH, FGF-23, triglycerides
and HDL-C were performed in a standard-
ized fashion.

In conclusion, 25(OH)D deficiency is
strongly associated with an increased risk
of MetS in non-diabetic patients with severe
CKD, independent of cardiometabolic dis-
orders, kidney function and other important
regulators of mineral metabolism. These
data suggest that low plasma 25(OH)D lev-
els may be a modifiable risk factor for MetS
in patients with CKD and supplementation
may result in improved morbidity and mor-
tality. A prospective, randomized trial should
be performed examining the effect of nutri-

tional vitamin D supplementation on the de-
velopment of MetS and components of the
MetS in patients with CKD.
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