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Abstract

Background: The purpose of this study was to test the hypothesis that decreased dietary intake of Vitamin D
contributes to Vitamin D deficiency in end-stage renal disease (ESRD) patients on hemodialysis (HD).

Methods: We performed a cross-sectional study of 58 hemodialysis outpatients from two Mount Sinai Medical
Center (MSMC)-affiliated outpatient HD units in New York City and 648 outpatients at MSMC with CKD stages I-IV.
Serum 25(OH)D concentrations were measured from August 2010 to July of 2011 in recruited hemodialysis patients
(n=58) and linked with results of dietary and lifestyle surveys. The Mount Sinai Data Warehouse (electronic medical
record) was used to capture 25(OH) Vitamin D levels for outpatients with CKD stages I-IV who had Vitamin D testing
during the same time period.

Results: The prevalence of Vitamin D insufficiency/deficiency in the HD cohort was 96.6%. Mean (SD) and
median (IQR) 25(OH)D concentrations were 15.65 (6.82) and 13.55 (10.15) ng/mL, respectively. Dietary surveys
showed a median weekly Vitamin D intake of 1044 1U (IQR=808, vs. a recommended weekly allowance of 4200 IU)
and specific avoidance of foods containing both Vitamin D and phosphorus. In contrast, mean and median 25(0OH)D
concentrations in patients with CKD stages I-IV were 25.66 (13.44) and 23.60 (15.48) ng/mL (p<0.001 vs. HD
patients).

Conclusions: Vitamin D deficiency is more prevalent in HD patients than in pre-dialysis patients with CKD and is
associated with decreased dietary intake of Vitamin D. Dialysis restrictions imposed to reduce dietary phosphorus

intake likely contributes to the development of hypovitaminosis D in ESRD patients.
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Introduction

Vitamin D deficiency (serum 25(OH)D levels <20 ng/mL), and
insufficiency (serum 25(OH)D levels <30 ng/mL), [1] are common in
patients with chronic kidney disease (CKD), [2] including patients
with end-stage renal disease (ESRD) on maintenance hemodialysis
(HD) despite treatment with 1,25(OH)2D (or its equivalent) to
prevent/reverse osteopenia [3-5]. Vitamin D deficiency is associated
with increased morbidity and decreased survival in patients with CKD
and ESRD [3,6]. The etiologies of hypovitaminosis D in the ESRD
population are not clear, but include limited sunlight exposure,
reduced UVB-induced Vitamin D synthesis in the skin, and disturbed
Vitamin D metabolism [2,7-9]. In the United States, a significant
source of Vitamin D is the consumption of Vitamin D fortified foods,
in particular dairy products [10]. Whether the physician/nutritionist
imposed, phosphorus-restricted, “renal diet” impacts serum Vitamin
D levels HD patients has not been studied.

To understand this issue, we undertook a cross-sectional study of
HD patients at two outpatient dialysis units in New York City,
examining Vitamin D status (serum 25(OH)D), sun exposure, and
dietary Vitamin D intake using a dietary and lifestyle survey tool. We
compared Vitamin D status to that of a cohort of pre-dialysis

outpatients with CKD to address the impact of HD on Vitamin D
levels.

Subjects and Methods

Study design and data collection

The study was approved by the Institutional Review Board (IRB) of
the Mount Sinai School of Medicine and in adherence with the
Declaration of Helsinki. Patients from two outpatient hemodialysis
units in New York City (Mount Sinai Medical Center and Terrence
Cardinal Cooke) were recruited over the course of one year (from
August 2010 to July of 2011) and enrolled into the study after
providing written informed consent. Patients must have been
receiving hemodialysis for at least two months prior to enrollment to
be included in the study. Clinical and demographic characteristics of
the patients (including self-reported race and ethnicity, past medical
history, anthropometric parameters, medications, and clinically-
indicated laboratory tests) were collected at the time of enrollment,
and peripheral blood samples were obtained for 25(OH)D testing
during the hemodialysis procedure. Serum 25(OH)D levels were
determined commercially by the DiaSorin 25(OH)D competitive
chemiluminescent immunoassay (CLIA) [11] in a CLIA-certified
laboratory (Nationwide Laboratories, Ft. Lauderdale, FL, USA).
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A dietary and lifestyle survey was performed in each study subject
after enrollment describing sun exposure and dietary intake of
Vitamin D-rich foods (attached as Supplemental Appendix A).

The Mount Sinai Data Warehouse was used to obtain de-identified
Vitamin D data for a comparison group consisting of all outpatients
with CKD stages I-IV (ICD-9 codes: 585.0, 585.1, 585.2, 585.3, 585.4).
Patients with the above ICD-9 diagnoses and a 25(OH)D level
measured between August 2010 and July 2011 were included in the
query. For patients with multiple 25(OH)D levels during that time
period, only the first level was included in the analysis. Any patients
with a concomitant ICD-9 diagnosis of 585.5 and 585.6 were excluded
to exclude any patients with ESRD on dialysis.

Statistical methods

Continuous data are reported as means (+/- SD) for normally
distributed variables or medians (IQR) for non-normally distributed
variables. Categorical data are reported as percentages of total. The
Kolmogorov-Smirnov test was used to determine the distribution of
continuous variables. Correlations between continuous variables (i.e.
age and 25(OH)D level) were determined using a Spearman’s
correlation coefficient. Comparison of continuous variables between
groups was done using Mann-Whitney or Student’s t-test, as
appropriate. Comparison of categorical variables was done using a
Chi-square test or Fisher’s Exact test, as appropriate. Two-sided
p<0.05 was considered to be statistically significant. All analyses were
performed using SPSS version 19.0 (SPSS, Chicago, IL, USA).

Results

We performed serum 25(OH)D testing and dietary and lifestyle
surveys in 58 patients with ESRD (Table 1). The majority of patients
were male and of African ancestry, the average age of study
participants was 59 years, the median time on dialysis was 4 years, and
most patients developed ESRD as a result of diabetes and/or
hypertension. Twenty-one (36.2%) patients reported taking a daily
multivitamin and 41 (70.7%) patients reported taking phosphorus
binders (calcium carbonate, calcium acetate, or sevelamer). Thirty-
seven (63.8%) patients were receiving activated Vitamin D
(1,25(OH)2D) in the form of intravenous doxercalciferol or
paricalcitol during hemodialysis.

Glomerulonephritis (%) 5 (8.6%)

Polycystic Kidney Disease (%) 3(5.2%)

Other (%) 18 (31.0%)
Comorbidities: Diabetes (%) 23 (39.7%)
Peripheral vascular disease (%) 13 (22.4%)
Coronary artery disease (%) 12 (20.7%)
Hepatitis C (%) 10 (17.2%)
Failed kidney transplant (%) 9 (15.5%)

Dialysis Access: Arteriovenous Fistula (%)
Arteriovenous Graft (%)

Tunneled Catheter (%)

37 (63.8%)

9 (15.5%)
12 (20.6%)

Table 1: Population Demographics (N=58)

The prevalence of Vitamin D insufficiency (25(OH)D<30ng/mL)
was 96.6%. Over seventy percent (70.7%) of patients met criteria for
Vitamin D deficiency (25(0OH)D<20ng/mL), with 20.7% of patients
severely deficient (25(0OH)D<10ng/mL, Figure 1). Mean (SD) and
median (IQR) 25(OH)D were 15.65 (6.82) and 13.55 (10.15) ng/mL,
respectively. The distribution of 25(OH)D concentrations was similar
regardless of the month of testing (Table S1), and patient
characteristics did not vary between the deficient and insufficient/
normal groups (Table 2).

Deficient Non-Deficient P-value
(n=41) (n=17)
Age, years (mean +/- SD) | 60 +/- 16 58 +/- 13 0.731
Gender: Male (%) 25 (61.0%) 9 (52.9%) 0.572
Race: Black (%) 30 (73.2%) 9 (52.9%) 0.208
White (%) 10 (24.4%) 8 (47.1%)
Other (%) 1(2.4%) 0 (0.0%)
Dialysis Vintage, years| 4 +/-6 3.5+4/-6 0.644
(median, IQR)
Body Mass Index (BMI)| 27.8 (6.4) 26.7 (12.5) 0.718
(median, IQR)

Age, years (mean +/- SD) 59 +/- 15

Gender: Male (%) 34 (58.6%)

Race: Black (%)
White (%)
Other (%)

39 (67.2%)
18 (31.0%)
1(1.7%)

Ethnicity: Hispanic (%) 19 (32.8%)

Non-Hispanic (%) 39 (67.2%)

Dialysis Vintage, years (median, IQR) 4 (6)

Smoking Status: Nonsmoker (%) 33 (56.9%)
7 (12.1%)

18 (31.0%)

Current Smoker (%)

Former Smoker (%)

Body Mass Index (BMI) (median, IQR) 26.95 (8.3)

Cause of ESRD: Hypertension (%)
Diabetes (%)

16 (27.6%)
16 (27.6%)

Table 2: Patient Characteristics of Deficient (25(0H)D<20ng/mL)
versus Non-deficient Study Subjects

We found no statistically significant associations between 25(OH)D
concentration and age, gender, race, ethnicity, dialysis vintage,
smoking status, or body mass index (BMI). There were also no
significant associations between 25(OH)D and other laboratory
parameters of mineral metabolism, nutrition, and inflammation,
including serum calcium, phosphorus, intact parathyroid hormone
(PTH), albumin, and ferritin (Table 3).

Lifestyle surveys revealed that in the summer, patients spent a
median number of 7 days/week outside for more than 15 minutes; in
the winter, they spent a median number of 3 days/week outside for
more than 15 minutes. Thirteen (22.4%) patients reported regular
sunscreen use.
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Figure 1: Serum 25(OH)D (ng/mL) of the HD cohort (n=58)

Value Spearman’s P-value

correlation

coefficient (rho)
Calcium, mg/dL, | 9,2 (1.0) -0.242 0.067
median (IQR)
Phosphorus, mg/dL,| 5.8 +/- 1.4 -0.018 0.895
mean +/- SD
Intact Parathyroid | 373 (413) -0.047 0.725
Hormone, pg/mL,
median (IQR)
Albumin, g/dL, median| 3.9 (0.4) -0.095 0.479
(IQR)
Ferritin, ng/mL, median | 454 (321) -0.080 0.551
(IQR)

Table 3: Laboratory Markers of Mineral Metabolism, Nutrition, and
Inflammation and Correlation with serum 25(OH)D

Dietary surveys showed a median weekly vitamin D intake of 1044
IU (IQR=808), well below the Institute of Medicine’s (IOM)
recommended dietary allowance (RDA) of Vitamin D of 600 IU/day,
or 4200 IU/week [12]. The median number of servings/week of
specific Vitamin D-rich foods consumed is given in Table 4. The
avoidance of dairy products (milk, yogurt, and cheese) was as per the
dialysis unit dietician recommendations, as these foods are also high in
phosphorus.

The high prevalence of Vitamin D deficiency in HD patients and
low intake of Vitamin D containing foods (which are also high in
phosphates) suggested the possibility that initiating HD results in
lower serum Vitamin D, in part because of imposed dietary
restrictions to limit phosphate intake. In an effort to address this
possibility, we compared serum 25(OH)D concentrations in the HD
cohort with those of a cohort of 648 outpatients followed over the
same time period at Mount Sinai Medical Center carrying diagnoses of
chronic kidney disease stages (CKD) I-IV. This analysis revealed mean
(SD) and median (IQR) 25(OH)D concentrations of 25.66 (13.44) and
23.60 (15.48) ng/mL, respectively in the CKD cohort, significantly
higher than the serum concentrations in the HD patients (Figure 2 and
3, p<0.001).

Page 3 of 5
Item Vit D (IlU) per| Amount per| Median Total vit D/week
serving serving number (V)
servings/week
(IQR)
Fish 100-654 30z 2(2) 200-1308
Milk 100 8oz 0.5(2) 50
Yogurt | 80 60z 0(0.75) 0
Cheese | 6-12 1oz 6 (5) 36-72
Cereal | 40 1cup 2(4) 80
Eggs 20-25 1egg 5(5) 100-125
Total 520-1689
IU/week

Table 4: Median Intake of Vitamin D Rich Foods
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Figure 2: Serum 25(OH)D (ng/mL) of the CKD cohort (n=648)

150

1004

50

25(0H) vitamin D ng/dL

===~

CKD (pre-dialysis) HD

Figure 3: Serum 25(OH)D (ng/mL) of the CKD cohort (n=648) vs
HD cohort (n=58)* *p < 0.001

Discussion

Our results extend previously published studies indicating a high
prevalence of Vitamin D deficiency/insufficiency among HD
outpatients by providing new insight into the etiology of this
observation [3-5]. While others have suggested that patient race, time
of year of testing (due to limited sunlight exposure), and rates of
sunscreen use can impact serum Vitamin D levels [13], our data
indicate that these factors are largely inconsequential in our patient
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population, as all HD patients appeared to be at risk. In contrast, as we
found a) avoidance of phosphate rich, Vitamin D containing foods by
the HD patients and b) that patients with CKD (not on dialysis) have
higher serum 25(OH)D concentrations than HD patients, our data
suggest that dialysis-imposed dietary restrictions contribute to the
hypovitaminosis D. Since many patients struggle to adhere to
phosphate binder regimens, they are often counseled against dairy
product consumption by their nephrologists and renal dieticians.
Nutritional guidelines for dialysis patients are consistent with this
conclusion as they recommend limited intake of Vitamin D-
containing dairy products [14]. Serial measurements of Vitamin D
levels in prospectively followed cohorts of CKD patients as they
initiate dialysis are needed to formally prove this hypothesis.

We acknowledge that other factors may influence Vitamin D status
in HD patients, including physiological effects of progression of renal
disease that impair Vitamin D metabolism (i.e. elevated fibroblast
growth factor-23 levels) [15], and limited ultraviolet-B (UVB)
exposure. The majority of patients surveyed in our study had enough
sun exposure (at least during the summer) to achieve maximal
cutaneous Vitamin D synthesis [16]. 22.4% of patients in our study
reported regular sunscreen use. Sunscreen, when used appropriately,
reduces the capacity of the skin to produce vitamin D3 by 95% [17].
Regardless, physiological or environmental circumstances that hinder
the production of D3 in the skin are generally compensated for by
increased dietary intake of vitamin D [18], which did not occur in our
cohort. HD patients in our study consumed well below the Institute of
Medicine’s (IOM) recommended dietary allowance (RDA) of Vitamin
D of 600 IU/day, or 4200 IU/week [12], and essentially none were
being treated with Vitamin D supplements. It is also possible that oral
Vitamin D supplementation, which can be administered to CKD
patients, was discontinued as the patients initiated dialysis,
contributing to lower serum Vitamin D levels over time, although this
is purely speculative.

Despite the high prevalence of 25(OH)D deficiency among dialysis
patients, screening for Vitamin D deficiency is not standard of care in
many dialysis units. Perhaps this is due to a perception that treatment
with activated Vitamin D(1,25(OH)2D) bypasses any need for its
precursor (25(OH)D). Most chronic hemodialysis patients are treated
for secondary hyperparathyroidism with intravenous activated
Vitamin D or its analogs (i.e. doxercalciferol or paricalcitol), as renal
1-alpha hydroxylase is decreased or absent in these patients, and intact
parathyroid hormone levels are used to guide therapy. The impact of
25(0H)D  deficiency and its treatment on  secondary
hyperparathyroidism and renal bone disease in dialysis patients is not
known, and no guidelines for therapy in this population exist.

Vitamin D (25(OH)D) has many biological effects beyond those
affecting bone metabolism, including potent immunomodulatory and
anti-inflammatory effects [19,20]. Up to two-thirds of dialysis patients
are characterized by a malnutrition-inflammation syndrome [21], and
many display disturbances in both innate and adaptive immunity
[22-32]. This raises the intriguing hypothesis that Vitamin D
deficiency could contribute to the inflammation and immune
abnormalities found in this patient population, making it imperative
that we understand the etiology of this problem and pursue solutions.
Larger prospective studies of cohorts of patients with CKD progressing
to ESRD are necessary to achieve this goal, as our study is limited by
its single-center nature, small sample size, and reliance on patient
recall for dietary history.

In conclusion, our data build upon previous work by providing
evidence that the high prevalence (>90%) of Vitamin D deficiency and
insufficiency among hemodialysis outpatients accompanies decreased
consumption of Vitamin D-rich foods, a phenomenon which may be
inadvertently caused by dialysis-imposed dietary restrictions. As
evidence suggests that Vitamin D deficiency has negative health
consequences and that oral Vitamin D repletion can be administered
safely to dialysis patients, [20,33,34] our findings support the need for
controlled studies to address the impact of Vitamin D repletion (via
supplements and/or dietary modifications) on dialysis patient health.
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