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Abstract
Background. As research has identified a wide array of
biological functions of vitamin D, the consequences of
vitamin D deficiency in persons with chronic kidney dis-
ease has attracted increased attention. The objective of this
study was to determine the extent of 25-hydroxyvitamin D
(25-OH vitamin D) deficiency and its associations with
self-reported physical activity and health-related quality
of life (HRQoL) among participants of the Comprehensive
Dialysis Study (CDS).
Methods. The nutrition substudy of the CDS enrolled pa-
tients new to dialysis from 68 dialysis units throughout the
USA. Baseline 25-OH vitamin D concentration was meas-
ured using the Direct Enzyme Immunoassay (Immunodiag-
nostic Systems Inc.). Physical activity was measured with
the Human Activity Profile (HAP); the Medical Outcomes
Study Short Form-12 (SF-12) was employed to measure
HRQoL.
Results. Mean age of the participants (n ¼ 192) was
62 years. There were 124 participants (65%) with 25-OH
vitamin D concentrations < 15 ng/mL, indicating deficiency,
and 64 (33%) with 25-OH vitamin D� 15 to <30 ng/mL,
indicating insufficiency. After adjusting for age, sex, race/
ethnicity, diabetes, season and center, lower 25-OH vita-
min D concentrations were independently associated with
lower scores on the HAP and on the Mental Component
Summary of the SF-12 (P < 0.05 for both), but not with the
Physical Component Summary of the SF-12.
Conclusion. In a well-characterized cohort of incident di-
alysis patients, lower 25-OH vitamin D concentrations
were associated with lower self-reported physical activity
and poorer self-reported mental health.
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Introduction

Over the past decade, low 25-hydroxyvitamin D (25-OH
vitamin D) concentrations have been associated with a range
of adverse outcomes beyond those strictly associated with
bone and mineral metabolism. In the general population, 25-
OH vitamin D concentrations < 20 ng/mL are associated
with higher risk of death [1] and poorer physical perform-
ance [2]; concentrations < 15 ng/mL are associated with
musculoskeletal pain [3].

The Kidney Disease Outcomes Quality Initiative
(K/DOQI) clinical practice guidelines recommend annual
testing for 25-OH vitamin D deficiency in individuals
with chronic kidney disease (CKD). Supplementation with
25-OH vitamin D is recommended for patients with a con-
centration < 30 ng/mL, primarily to prevent or attenuate
secondary hyperparathyroidism and osteomalacia [4]. The
role of regular testing for and treatment of 25-OH vitamin
D deficiency in patients on dialysis is undefined, as patients
on dialysis are presumed to lack the ability to convert 25-OH
vitamin D to the active 1,25-(OH)2 vitamin D form of the
molecule [4, 5]. However, preliminary studies report a higher
risk of death among hemodialysis patients with 25-OH vita-
min D deficiency [6, 7], similar to the general population.

One potential mechanism for the deleterious effect of
25-OH vitamin D deficiency in the dialysis population is
reduction or absence of its autocrine activity, important in
the regulation of cellular proliferation and apoptosis [8].
In particular, 25-OH vitamin D promotes skeletal muscle
growth and differentiation. Deficiency is associated with
muscle atrophy, musculoskeletal pain and poorer physical
function in the general population [2, 9, 10]. Several
randomized clinical trials and meta-analyses have demon-
strated that supplementation of 25-OH vitamin D decreases
the risk for falls and fractures in the elderly [11–14]; one
trial also demonstrated improved muscle strength among
persons receiving 25-OH vitamin D supplementation [13].
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Using data on individuals new to dialysis from the Com-
prehensive Dialysis Study (CDS), we evaluated the preva-
lence of 25-OH vitamin D deficiency and the associations
among 25-OH vitamin D concentrations, self-reported
physical activity and health-related quality of life (HRQoL).
We hypothesized that a large fraction of the CDS population
would be 25-OH vitamin D deficient and that 25-OH vita-
min D concentrations would be inversely correlated with
self-reported physical activity and HRQoL, independent
of age and other confounders.

Materials and methods

The primary aim of the CDS was to determine the relations among nutri-
tional status, inflammatory response, physical activity, rehabilitation and
HRQoL in patients new to dialysis. The study was carried out through the
United States Renal Data System Center and the Special Studies Centers in
Nutrition and Rehabilitation/Quality of Life at 296 dialysis units through-
out the USA. Institutional review boards at University of California San
Francisco and Davis, Emory University and University of Minnesota ap-
proved the study. All participants provided informed consent.

The study design and methods have been previously described in detail
[15]. Patients starting dialysis between June 2005 and January 2007 at the
selected units were invited to participate. A participant was excluded if he
or she had a speech, hearing or cognitive impairment, prior or imminent
transplantation or plans to move out of the area. In addition, since partic-
ipants had to complete the patient questionnaire via a telephone interview,
individuals who did not have phones or did not speak English or Spanish
were not eligible to participate. The average length of time that CDS
participants had been on dialysis at their baseline interview was ~4 months
(median 122 days; range 78–357 days).

As part of a nutrition substudy of CDS, 266 patients recruited from 68
dialysis units also provided serum samples. One individual had a 25-OH
vitamin D concentration greater than the assay limit and was excluded
from further analysis. Of the remaining participants, 192 (72%) completed
the physical activity and HRQoL questionnaires within 120 days of base-
line serum sample collection. These participants comprise the analytic
cohort.

Self-reported physical activity and HRQoL

Baseline physical activity was assessed using the Human Activity Profile
(HAP) questionnaire [16], in which participants report whether they are still
doing, have stopped doing or have never done 94 activities of increasing
intensity. The activities range from 1 to 10 Metabolic Equivalent of Task,
from transferring out of bed (Ranked 1) to running 3 miles in �30 min
(Ranked 94). Other examples of the kinds of everyday activities captured in
the HAP include: dressing and undressing (Ranked 18), carrying a light
load of groceries (Ranked 36) and walking 1 mile (Ranked 63).

Two scores are available from the HAP: a maximum activity score
(MAS), reflective of the most taxing activity a respondent is still perform-
ing and an adjusted activity score (AAS), reflective of the respondent’s
daily activity level. The MAS is the number of the highest ranked activity
the respondent is still performing. The AAS is calculated by subtracting
from the MAS the number of activities that the respondent has stopped
performing that rank below his or her most metabolically intense activity.
The HAP has been validated in a range of healthy and diseased groups of
patients [17]. In the dialysis population, it has been shown to have a high
degree of reproducibility [18]; it also correlated closely with physical
accelerometry and tests of physical function, such as gait speed and chair
rising time [19]

The 12-item Medical Outcomes Study Short Form survey (SF-12) was
used to assess HRQoL [20]. The SF-12 evaluates eight domains: physical
functioning, physical role limitation, bodily pain, general health, vitality,
social functioning, emotional role limitation and mental health. Two sum-
mary scores, Physical Component Summary (PCS) and Mental Compo-
nent Summary (MCS), are then created. A higher score indicates better
quality of life in each of the domains.

25-OH vitamin D and other covariates

Baseline serum samples were collected from participants in the nutrition
substudy at the time of their routine laboratory studies and shipped over-

night to University of California Davis. Specimens were received as serum.
They were shipped on ice via overnight delivery the day they were drawn
following centrifugation at the dialysis unit. They were aliquoted and stored
over liquid nitrogen until assay. Concentrations of 25-OH vitamin D were
measured via the Direct Enzyme Immunoassay (Immunodiagnostic Sys-
tems Inc.). The assay has a mean intra-assay coefficient of variation of 5.5%
and a mean inter-assay coefficient of variation of 6.6%. The range of the
assay is 2.4–144 ng/mL. All measurements were made in duplicate and the
mean employed in the analyses. According to K/DOQI guidelines, 25-OH
vitamin D deficiency was defined as concentration < 15 ng/mL and insuf-
ficiency was defined as concentration 15 to <30 ng/mL.

Information about participants’ demographic characteristics, comorbid-
ities and dialysis treatment characteristics were obtained from a patient
questionnaire administered by DataBanque Research Services (Pittsburgh,
PA) and from the Centers for Medicare and Medicaid Services Medical
Evidence Report (form 2728). Comorbidities utilized in the analysis in-
cluded: diabetes, congestive heart failure and atherosclerotic disease (de-
fined as atherosclerotic heart disease, cerebrovascular disease, peripheral
vascular disease or amputation). Based on a previous National Health and
Nutrition Examination Survey analysis, participants’ state of residence
was categorized as a state of low sunlight exposure versus medium or
high sunlight exposure [21]. Low sunshine state was defined as residence
in Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode
Island, New York, Pennsylvania, Ohio, Michigan, Minnesota and Wash-
ington. Concentrations of 25-OH vitamin D concentrations drawn between
May and August were classified as summer and compared to the rest of the
year.

Statistical analysis

Continuous data are presented using means (� SD) and compared using
Student’s t-test. Categorical data are presented as proportions and com-
pared using chi-square. Since 25-OH vitamin D concentrations were
skewed, we log transformed them prior to inference testing.

We used linear regression to determine the unadjusted associations
among 25-OH vitamin D concentrations and patient characteristics. The
multivariable analyses adjusted for age, sex, race, diabetes, season (sum-
mer versus other season) and characteristics significantly associated with
25-OH vitamin D concentrations in unadjusted analyses (at a P-value
<0.1). A random effects model was utilized in the multivariable analyses,
which included sample weights to account for the probability of dialysis
facility inclusion in the nutrition substudy as well as clustering of partic-
ipants within dialysis facilities.

A similar procedure was utilized to determine the unadjusted associa-
tion of 25-OH vitamin D concentrations with scores on the HAP and the
SF-12 scales. For the multivariable analyses, we constructed a parsimo-
nious model that adjusted for age, sex, race, diabetes, season and center
using a random effects model. We then substituted the dichotomous var-
iable 25-OH vitamin D deficiency, defined as a 25-OH vitamin D concen-
tration < 15 ng/mL, to assess the consistency of our results.

All analyses were performed using SAS v9.1.3 (SAS Institute Inc.,
Cary, NC).

Results

Clinical characteristics of the analytic cohort are pre-
sented in Table 1. Compared to CDS participants miss-
ing 25-OH vitamin D measurements or complete
questionnaire data, participants in the analytic cohort
had generally similar demographic characteristics and
modestly higher serum albumin concentrations. The
mean age of participants in the analytic cohort was 62
� 14 years; approximately half were male, and approx-
imately half were college educated.

Median 25-OH vitamin D concentration was 12.6 (10th
percentile 7.3, 90th percentile 20.7) ng/mL (Figure 1,
panel A). The majority of patients [124 (65%)] had frank
25-OH vitamin D deficiency and the vast majority of
participants [188 (98%)] had 25-OH vitamin D insuffi-
ciency or deficiency. Forty-two (22%) of our samples
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were collected in the summer season (Figure 1, panel B).
Most participants [172 (90%)] were on hemodialysis
(Figure 1, panel C). Of the patients on hemodialysis, a

majority [170 (99%)] were receiving hemodialysis three
times a week for a median of 3.5 h (range 2.3–4.5 h).

Correlates of 25-OH vitamin D concentration

In unadjusted analyses, female sex, current smoking,
higher body mass index and peritoneal dialysis (versus
hemodialysis) were associated with lower 25-OH vitamin
D concentrations (Table 2). Older age, summer season and
higher serum creatinine and serum albumin concentrations
were associated with ‘higher’ 25-OH vitamin D concentra-
tions (Table 2). With the exception of smoking (P ¼ 0.08)
and serum creatinine (P ¼ 0.08) these associations
remained significant in multivariable analysis.

25-OH vitamin D concentration, self-reported physical
activity and HRQoL

In analyses adjusted for age, sex, race, diabetes, season and
center, a 25% higher 25-OH vitamin D concentration was
associated with a 1.7 � 0.7 point higher score on the AAS
(P ¼ 0.03) and a 1.3 � 0.6 point higher score on the MAS
(P ¼ 0.03) (Table 3). In addition, a 25% higher 25-OH
vitamin D concentration was associated with a 1.0 � 0.4
point higher score on the MCS (P ¼ 0.03). There was no
significant association between 25-OH vitamin D concen-
trations and PCS scores.

Table 1. Characteristics of participants in the CDSa

Characteristics
Participants
(N ¼ 1432)

Analytic cohort
(n ¼ 192) P-value

Age (years) 60.3 6 14.2 61.6 6 13.9 0.21
Female 640 (44.7%) 93 (48.4%) 0.32
Race, non-white 457 (31.9%) 51 (26.6%) 0.13
Low sunshine state 368 (25.7%) 30 (15.6%) <0.01
College education or more 629 (43.9%) 94 (49.0%) 0.20
Body mass index (kg/m2) 29.7 6 8.1 30.1 6 7.8 0.52
Current smoker 222 (15.5%) 26 (13.5%) 0.48
Peritoneal dialysis 148 (10.3%) 20 (10.4%) 0.97
Hemodialysis access
via catheterb

722 (56.6%) 85 (50.0%) 0.25

Diabetes 823 (57.5%) 116 (60.4%) 0.44
Atherosclerotic disease 485 (33.9%) 69 (35.9%) 0.57
Congestive heart failure 430 (30.0%) 67 (34.9%) 0.17
Creatinine (mg/dL) 6.9 6 3.5 6.8 6 3.53 0.78
Albumin (g/dL)c 3.2 6 0.7 3.4 6 0.5 <0.01

aData are expressed as mean 6 SD or as N (%) where appropriate.
bProportions presented in this row are for patients on hemodialysis only.
cAlbumin values for the analytic cohort (n ¼ 192) were measured in the
CDS, and values for the excluded cohort (n ¼ 1083) were taken from the
Centers for Medicare and Medicaid Services Medical Evidence Report
(form 2728).

Fig. 1. Distribution of 25-OH vitamin D concentrations in (A) the CDS cohort. (B) Distribution according to season of serum draw. Summer was
defined as May–August. (C) Distribution according to dialysis modality.
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In sensitivity analyses, 25-OH vitamin D deficiency, de-
fined as 25-OH vitamin D concentration < 15 ng/mL, was
independently associated with lower scores on the AAS (b
coefficient � SE: �5.5 � 2.5, P ¼ 0.03), MAS (b coeffi-
cient � SE: �4.4 � 2.1, P ¼ 0.04) and PCS (b coefficient �
SE: �4.2 � 1.7 P ¼ 0.01), but not with scores on the MCS
(b coefficient � SE: �2.5 � 1.8, P ¼ 0.18).

Discussion

In this diverse sample of incident dialysis patients, two-
thirds were 25-OH vitamin D deficient and >95% were
25-OH vitamin D insufficient or deficient based on Na-
tional Kidney Foundation K/DOQI guidelines. Further-
more, lower 25-OH vitamin D concentrations were
significantly, albeit modestly, associated with lower levels
of self-reported physical activity and poorer HRQoL.

The prevalence of 25-OH vitamin D deficiency seen in
our study was more pronounced than in prior reports. In a

study of 908 incident hemodialysis patients from the USA,
Bhan et al. [22] found that ~37% of participants were
25-OH vitamin D deficient. Another study of 84 hemodial-
ysis patients from Argentina reported that 23% of partici-
pants were 25-OH vitamin D deficient [23]. The difference
in prevalence among the three studies may be explained, in
part, by differences in latitude, the season 25-OH vitamin D
was assayed and/or patient characteristics. For example, in
contrast to the earlier studies involving only hemodialysis
patients, 10% of our study sample was receiving peritoneal
dialysis, and these patients had significantly lower 25-OH
vitamin D concentrations. A majority (78%) of our samples
were collected in the winter season, another significant
correlate of lower 25-OH vitamin D concentration.

The serum concentration of 25-OH vitamin D that can be
considered ‘sufficient’ remains a matter of debate. K/DOQI
guidelines, which recommend 25-OH vitamin D concen-
trations > 30 ng/mL are largely opinion based and apply
only to patients with CKD Stages III and IV [4]. The In-
stitute of Medicine has recently recommended that concen-
trations > 20 ng/mL are sufficient for maintaining bone
health in the general population [24]. Using this cut off,
~171 (89%) patients in our study would be considered 25-
OH vitamin D deficient. However, whether this threshold is
appropriate for attenuation of other adverse outcomes as-
sociated with vitamin D deficiency such as falls, cancer and
cardiovascular mortality is uncertain.

The clinical correlates of 25-OH vitamin D concentra-
tion noted in our analysis, such as sex, season and serum
albumin concentration, are consistent with the findings of
Bhan et al. [22]. We also identified body mass index and
peritoneal dialysis as significant correlates of 25-OH vita-
min D concentration. An inverse correlation between body
mass index and 25-OH vitamin D concentrations has been
previously reported in the general population [25–28]. Po-
tential reasons include reduced nutritional intake of 25-OH
vitamin D [28], reduced sunlight exposure [25] or an in-
creased volume of distribution of 25-OH vitamin D in
obese patients [26, 27]. Peritoneal dialysis was associated
with a 20% lower 25-OH vitamin D concentration in com-
parison to hemodialysis in our study. Shah et al. [29] have
also reported strikingly low 25-OH vitamin D concentra-
tions in patients on peritoneal dialysis in their center; all 29
participants in their study were 25-OH vitamin D insuffi-
cient (concentration < 30 ng/mL) and ~80% had undetect-
able concentrations. Older participants had significantly
higher 25-OH vitamin D concentrations in our study. Po-
tential explanations for this finding include an increased
intake of 25-OH vitamin D rich foods and supplements
among older adults [28] or the possibility that over time
younger individuals may be spending relatively more time
indoors [30].

Our study expands on current understanding of the im-
portance of 25-OH vitamin D to examine its relation to
physical activity and quality of life. We found that each
25% decrease in 25-OH vitamin D concentration was as-
sociated with about a 1.5-point lower score on the MAS
and AAS of the HAP profile. The magnitude of this differ-
ence is approximately equivalent to the difference in phys-
ical activity between climbing 12 steps versus 9 steps. The
clinical significance of this difference is not clear, though

Table 2. Demographic and clinical correlates of 25-OH vitamin D
concentrationsa

Characteristics

Unadjusted percent
change in 25-OH
vitamin D
concentration

Adjusted percent
change in 25-OH
vitamin D
concentration

bb 6 SE P-value bb 6 SE P-value

Age (per 10 years) 5.6 6 2.2 0.01 5.3 6 1.8 0.003
Female sex �16.2 6 6.1 0.003 �11.5 6 6.1 0.04
Race, non-white �7.5 6 7.1 0.26 6.3 6 6.3 0.30
Low sunshine state �1.8 6 8.7 0.83 NA NA
Summer
(versus other season)

33.3 6 7.3 <0.0001 35.3 6 5.7<0.0001

Current smoker �16.1 6 9.2 0.05 �12.3 6 7.8 0.08
College education or more �2.4 6 6.2 0.69 NA NA
Body mass index �1.1 6 0.4 0.003 �1.2 6 0.3 0.0007
Peritoneal dialysis �15.6 6 10.3 0.09 �19.6 6 7.2 0.002
Diabetes �8.4 6 6.4 0.16 �4.2 6 4.8 0.36
Atherosclerotic disease �1.4 6 6.1 0.82 NA NA
Congestive Heart Failure �8.2 6 6.5 0.18 NA NA
Creatinine 1.8 6 0.9 0.04 0.8 6 0.5 0.08
Albumin 29.7 6 6.6 <0.0001 24.9 6 6.2 0.0003

aNA, Not applicable.
bb coefficient can be interpreted as the percent change expected in 25-OH
vitamin D for each unit change in the independent variable.

Table 3. Association of 25-OH vitamin D concentrations with physical
activity and HRQoL

Model

Unadjusted

Adjusted for age, sex,
race, diabetes status,
season and center

ba 6 SE P-value ba 6 SE P-value

AAS 1.34 6 0.66 0.04 1.68 6 0.74 0.03
MAS 1.00 6 0.53 0.06 1.29 6 0.60 0.03
SF-12 PCS 0.22 6 0.41 0.60 0.60 6 0.41 0.15
SF-12 MCS 0.81 6 0.43 0.06 0.95 6 0.44 0.03

ab coefficient and SE values can be interpreted as: for a 25% change in 25-
OH vitamin D concentration, the predicted variable (adjusted or maximum
activity score, SF-12 scores) would change by b 6 SE.
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previous studies have indicated that larger differences in
physical activity are associated with higher mortality risk
among incident hemodialysis patients [31].

Our findings appear similar to reports in the general
elderly population. For example, the CHIANTI study of
976 elderly Italians reported significantly worse physical
performance in participants with 25-OH vitamin D < 10
ng/mL [9]. A recent study of 4100 ambulatory elderly par-
ticipants in the National Health and Nutrition Examination
Survey also found a positive association between 25-OH
vitamin D concentrations and performance on the sit-to-
stand test as well as the eight-foot walk test [32].

Skeletal muscle fibers carry vitamin D receptors; activa-
tion of these receptors is proposed to cause muscle growth
and proliferation [5, 8, 14, 33, 34]. Biopsy and imaging
findings consistent with muscular atrophy have been asso-
ciated with 25-OH vitamin D deficiency [34, 35]. Further-
more, supplementation with calcium and vitamin D
improves the number and size of muscle fibers [13] as well
as lower extremity function [36]. Alternatively, 25-OH
vitamin D deficiency may be a marker of poor health and
nutritional status, but not a direct cause for lower physical
activity. It is also possible that lower physical activity led to
poor nutritional intake and reduced sun exposure, so that
the association could be bidirectional.

There are limited data regarding the association between
25-OH vitamin D concentrations and HRQoL in the gen-
eral population [37, 38], and none to our knowledge in the
dialysis population. We found that each 25% decrease in
25-OH vitamin D concentration was associated with a
1-point lower score on the SF-12 MCS, but not the PCS.
In patients on maintenance dialysis, there is a 1.2% reduc-
tion in the risk of death and 0.6% reduction in the risk of
first hospitalization per 1-point increase in the MCS [39].

The study has several strengths. First, we used a diverse
sample of incident dialysis patients drawn from multiple
dialysis facilities, including a substantial number of pa-
tients receiving peritoneal dialysis, a group underrepre-
sented in previous studies. The sample size of the
analytic cohort was relatively large and characteristics of
participants were similar to those of the overall CDS co-
hort. Second, we used validated instruments to assess phys-
ical activity and HRQoL.

Several limitations of this study should also be noted.
Since 25-OH vitamin D levels are variable within individ-
uals depending on season, nutrition and time spent out-
doors, a mean value based on repeated measures at
different time points for each participant would have served
as a better indicator of his or her time-averaged 25-OH
vitamin D serum concentration. We also did not collect
data on whether our participants were taking 25-OH vita-
min D supplements. While the HAP has been validated in
the general population and in patients on dialysis, the study
findings may have been strengthened with direct measure-
ment of physical function and/or physical performance,
especially measures of muscle strength, which are not cap-
tured by the HAP. Furthermore, because of the cross-
sectional nature of our study, we cannot determine causality.
Finally, other factors, such as baseline hemoglobin concen-
trations, residual renal function or dialysis dose could im-
pact serum 25-OH vitamin D concentrations and/or physical

activity and HRQoL, but these data were not collected in
CDS.

In summary, in a well-characterized cohort of patients
new to dialysis, 25-OH vitamin D deficiency was present in
almost two-thirds of patients, while 25-OH vitamin D insuf-
ficiency was nearly universal. Lower 25-OH vitamin D con-
centrations were associated with lower self-reported physical
activity and poorer self-reported mental health, suggesting
that this common finding may have far reaching and impor-
tant consequences. Further research is required to determine
whether hypovitaminosis D is causally linked to reduced
activity, and whether supplementation can improve physical
activity and HRQoL in the dialysis population.

Supplementary data

Supplementary data is available online at http://ndt.
oxfordjournals.org.
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