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Improvement of fatigue after vitamin D
supplementation in kidney transplant recipients
Bin Han, MDa,∗, Xiao Wu, MDb, Yong Guo, MDc

Abstract
Low serum levels of vitamin D have been associated with fatigue in both healthy and clinical populations. Our aim was to evaluate the
effect of vitamin D supplementation on fatigue in kidney transplant recipients (KTRs). In total, 137 patients after kidney transplant and
119 age- and sex-matched healthy volunteers were recruited. Serum levels of 25-hydroxyvitamin D (25(OH)D) were measured by
competitive protein-binding assay. Fatigue was assessed using the subscale fatigue of the Checklist Individual Strength (CIS). Of all
KTRs, 60 patients without initial vitamin D3 supplementation were started on vitamin D3 supplementation (cholecalciferol) 800 IU/d,
with a follow-up examination after 3.0 to 9.0 months (mean, 6 months). Fatigue was found in 40.1% of KTRs. Serum 25(OH)D levels
were inversely and independently associated with CIS scores in KTRs (P= .002). In the 60 patients who received vitamin D3
supplementation, 25(OH)D was overall increased at follow-up with 18.5% (P= .004) and CIS scores improved with 10.0% (P= .007).
As vitamin D has beneficial effects on fatigue scores in KTRs, we suggest monitoring this parameter in KTRs and supplementation
with vitamin D3 when vitamin D levels are low.

Abbreviations: 25(OH)D = 25-hydroxyvitamin D, BMI = body mass index, CIS = Checklist Individual Strength, KTR = kidney
transplant recipient, PSQI = Pittsburgh Sleep Quality Index, PTH = parathyroid hormone.
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1. Introduction

Fatigue is an extremely common symptom among kidney
transplant recipients (KTRs), with prevalence ranging from
39% to 59%.[1,2] Fatigue can be described as an awareness of
negative balance between available energy and the cost in physical,
cognitive, emotional, or/and functional components. Patients with
fatigue have more functional impairments and poorer quality of
life.[2–4] However, it is often medically unexplained, clinically
underestimated, and usually undertreated.
Vitamin D is a critical fat-soluble hormone maintaining

mineral homeostasis. The formation of active vitamin D requires
2-step hydroxylation; the first step occurring in the liver where
vitamin D is converted into 25-hydroxyvitamin D (25(OH)D),
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and the second step in the kidney where 25(OH)D is transformed
into 1,25-dihydroxyvitamin D. Its synthesis is regulated by serum
parathyroid hormone (PTH), fibroblast growth factor 23, and
calcium and phosphate levels.
Recent evidences sustain a wide range of nonclassical vitamin

D action on maintaining the integrity of structure and function in
muscle cells,[5] the modulation of cell growth, neuromuscular and
immunological functions, and in reducing inflammation.[6] More
recently, an important association between low vitamin D levels
and fatigue has been observed in both healthy and clinical
populations.[7–9] In addition, 1 randomized, double-blind,
placebo-controlled trial with vitamin D supplementation in
patients with juvenile systemic lupus erythematous showed a
positive effect in improving fatigue.[10]

Reduced levels of vitamin D are highly frequent in KTRs, with
an extensive prevalence of insufficiency and deficiency up to 81%
and 30%, respectively.[11] Whether serum vitamin D levels are
associated with fatigue in KTRs is unknown. Low vitamin D
levels have been associated with increased risk of all-cause
mortality and glomerular filtration rate decline in KTRs,[12,13]

suggesting that vitamin D supplementation could be beneficial for
KTRs. Considering the involvement of vitamin D in fatigue and
the high prevalence of low vitamin D levels among KTRs, we
examined whether vitamin D supplementation has positive
effects on fatigue post kidney transplantation.
2. Subjects and methods

Stable KTRs with a functioning graft for greater than 1 year were
invited to the study from the 2 outpatient clinics at First Affiliated
Hospital of Jiaxing University and First Affiliated Hospital of
Wenzhou Medical University during the course of the year,
between February 2013 and February 2015. The donors for all
patients were procured from volunteers participating in the Pilot
Program of Organ Donation after Cardiac Death in China.[14]

No donor organs were derived from executed prisoners.
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Table 1

Difference between fatigued and nonfatigued KTRs in clinical
variables.

Variables
Fatigued KTRs

(N=55)
Nonfatigued
KTRs (N=82) P

Gender (M/F) 33/22 43/39 .383
Age, y 52.7±14.4 50.0±11.5 .230
BMI, kg/m2 .285
<25 20 (36.3) 41 (50.0)
≥25 to >30 25 (45.5) 30 (36.6)
≥30 10 (18.2) 11 (13.4)

Marital status
Widowed 2 (3.6) 5 (6.1) .702

Current smoking 12 (21.8) 32 (39.0) .034
Current drinking 12 (21.8) 39 (47.6) .002
Time after transplantation, y 7.0±4.9 7.2±5.4 .748
Donor type
Living 20 (26.4) 32 (39.0) 0.753

Immunosuppressive medication
Calcineurin inhibitor 50 (90.9) 70 (85.4) 0.335
Adjunctive antiproliferatives 49 (89.1) 71 (86.6) 0.663
Prednisolone 52 (94.5) 74 (90.2) 0.525

HADS
Anxiety score 6 (4–8) 3 (2–4) <0.001
Depression score 4 (3–4) 1 (1–2) <0.001
PSQI score 8 (6–11) 5 (4–7) <0.001
Creatinine (mmol/L) 148.6±55.1 133.9±51.5 0.112
PTH (pmol/L) 13.5±6.7 12.4±9.5 0.409
Calcium (mmol/L) 2.39±0.21 2.42±0.19 0.392
Phosphate (mmol/L) 1.03±0.16 1.00±0.19 0.371
Vitamin D (ng/mL) 18.3±8.0 23.6±9.4 0.001

Data are shown as N (%), mean±SD, or median (interquartile range) for nominal, normally distributed, and
nonnormally distributed data, respectively. BMI= bodymass index, CIS=Checklist Individual Strength, HADS
= Hospital Anxiety and Depression Scale, KTRs = kidney transplant recipients, PSQI = Pittsburgh Sleep
Quality Index, PTH = parathyroid hormone.
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Exclusion criteria included episodes of acute rejection within the
last 6 months, evidence of sepsis in the last 6 weeks, known active
malignancy or chronic infection, history of psychiatric disorder
or chronic fatigue syndrome, and history of thyroid disease or
adrenal insufficiency. Meanwhile, 119 age- and sex-matched
healthy volunteers, without prescribed vitamin D3 medication,
were recruited from a health survey. The study was approved by
the Ethics Committee of the First Affiliated Hospital of Jiaxing
University and was conducted in accordance with the principles
of the Declaration of Helsinki. Written informed consents were
obtained from all subjects or their relatives.
Age, gender, marital status, donor type, time after transplan-

tation, and current medication were taken from patients’medical
records. Drinking status, smoking status, and body mass index
(BMI) were collected by a self-report questionnaire. BMI was
calculated according to the standard formula (kg/m2). Normal
weight was defined as BMI of 19 to 25. Overweight was defined
as BMI of 25 to 30, and obesity was defined as BMI of 30 to 35.
Further, severe obesity was defined as BMI>35.[15]

Fatigue was assessed using the subscale fatigue of the Checklist
Individual Strength (CIS), which is well validated,[16,17] sensitive
to detect change, and often used in study on diverse
patients.[18–20] The subscale consists of 8 items. Each item is
scored on a 7-point scale. The total score ranging from 8 to 56 is
calculated as the sum of the responses to the 8 items. Significant
fatigue is defined as a score of 35 or higher on the CIS fatigue.
Trained researchers who performed the CIS status were blinded
to serum levels of vitamin D at the time of examination and to
previous CIS scores. Depression and anxiety were assessed by the
Hospital Anxiety and Depression Scale.[21] Sleep quality was
assessed using the Pittsburgh Sleep Quality Index (PSQI).[22]

Blood samples were obtained after an 8 to 12-hour overnight
fasting period. EDTA serum samples were stored at �80 °C until
measurement of biochemical variables for the study. All control
samples were collected at the end of November 2014. Vitamin D
status was assessed by measuring 25(OH)D using a competitive
protein-binding assay. PTH was determined using an immuno-
cheminomatric assay. Serum creatinine, calcium, and phosphate
were measured by routine laboratory measurements.
Demographic and clinical parameters of all subjects were

compared using the Student t test, one-way analysis of variance,
Mann–Whitney U test, x2 test, and Fisher exact test, as
appropriate. Correlations between serum vitamin D and
demographic and clinical parameters were tested by bivariate
correlation (Pearson or Spearman rank correlation). Multivari-
able linear regression, including variables significantly different
in the univariate analysis, was performed to identify independent
determinants of CIS scores. Related samples Wilcoxon signed
rank test was used to calculate differences in 25(OH)D level and
CIS before and after therapeutic supplementation of vitamin D3.
All statistical tests were performed with SPSS for Windows
(Release 17.0; SPSS, Chicago, IL). Values of P< .05 were
considered to indicate statistical significance.
3. Results

Of 150 eligible KTRs approached, 8 refused to participate and 5
did not attend the research visit. A total of 137KTRs (76men and
61 women) with a mean age of 51 years were included in this
study, and 55 (40.1%) with CIS scores over 35 were clinically
fatigued. Fatigued recipients had lower vitamin D level (P= .001),
higher depression and anxiety score (both P< .001), more current
smoking (P= .03), andmore current drinking (P= .002) (Table 1).
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The mean level of 25(OH)D was 21.4±9.2ng/mL in KTRs and
26.1±7.8ng/mL in controls (P< .001).
Of all KTRs, 56 (40.8%) were vitamin D deficient (25(OH)

D<20ng/mL), 71 (51.8%) were insufficient (20–30ng/mL), and
10 (7.3%) were sufficient (30>ng/mL). The vitamin D levels
correlated with PTH (r=�0.55, P< .001). No correlation was
found between age and vitamin D (r=�0.04, P= .68). Further,
no between-season sampling differences were found for the 25
(OH)D levels in KTRs: winter (N=41), 20.7±9.4ng/mL; spring
(N=47), 17.6±9.2ng/mL; summer (N=15), 13.5±8.9ng/mL;
and fall (N=34), 18.5±8.9ng/mL (P= .20).
With all KTRs taken as a whole, CIS scores taken as a

dependent variable and all factors (current smoking, current
drinking, anxiety score, depression score, PSQI score, and
vitamin D) significantly different in the univariate analysis taken
as independent variables in the multivariable linear regression
analysis, 25(OH)D levels were inversely and independently
associated with CIS scores in KTRs (P= .002). Moreover,
HAMD scores and PSQI scores were negatively and significantly
associated with CIS scores in KTRs (P= .009 and .001,
respectively) (Table 2).
Of the 137 KTRs who formed the study sample, 60 without

previous vitamin D3 treatment, was initiated supplementation
with cholecalciferol 800IU/d. The 25(OH)D level before
supplement in the group was 17.0 (95% confidence interval
[CI] 15.3–18.8)ng/mL, and at follow-up, 25(OH)D level had a
mean of 20.2 (95%CI 18.4–22.0)ng/mL. Serum levels of 25(OH)
D were markedly increased in 43 of 60 KTRs (Table 3), with an



Table 2

Multivariable linear regression models of CIS score.

Variables b 95% CI t P

Current smoking �4.581 �13.043 to 3.882 �1.071 .286
Current drinking �5.914 �14.304 to 2.476 �1.394 .166
Anxiety score 0.466 �1.206 to 2.137 0.551 .583
Depression score 5.542 1.427–9.658 2.664 .009
PSQI score 2.702 1.080–4.324 3.295 .001
Vitamin D �0.677 �1.099 to �0.255 �3.173 .002

CI = confidence interval, CIS = Checklist Individual Strength, PSQI = Pittsburgh Sleep Quality Index.

Table 3

Vitamin D levels and clinical CIS score before and after treatment with vitamin D3.

Patient no.
∗

Vitamin D after (before) CIS after (before) Diff vitamin D Differ CIS (inverse) Follow-up time, mo

2 13.0 (14.0) 38 (35) �1.0 �3 5.0
3 17.4 (8.2) 42 (51) 9.2 9 7.0
7 23.8 (19.8) 48 (52) 4.0 4 3.5
10 20.8 (27.5) 52 (50) �6.7 �2 3.0
13 32.6 (18.6) 30 (45) 14.0 15 8.0
16 28.2 (25.0) 13 (0) 3.2 �13 5.0
19 31.4 (28.0) 16 (36) 3.4 20 6.0
23 10.0 (18.4) 49 (46) �8.4 �3 3.0
26 15.0 (14.2) 32 (34) 0.8 2 4.0
27 16.4 (8.6) 43 (52) 7.8 9 7.0
28 23.2 (19.1) 35 (38) 4.1 3 6.0
31 19.0 (13.2) 26 (41) 5.8 15 8.0
33 12.0 (7.8) 38 (49) 4.2 11 8.0
35 17.0 (21.8) 17 (16) �4.8 �1 4.5
38 12.0 (11.3) 35 (34) 0.7 �1 3.0
43 17.5 (8.8) 12 (28) 8.7 16 8.0
45 21.8 (19.3) 31 (36) 2.5 5 7.0
48 22.8 (24.5) 36 (22) �1.7 �14 3.5
50 30.6 (18.8) 15 (37) 11.8 22 9.0
54 13.0 (9.0) 40 (47) 4.0 7 3.0
57 21.8 (27.6) 20 (14) �5.8 �6 3.0
59 32.9 (18.5) 38 (23) 14.4 �15 9.0
60 13.0 (10.0) 42 (49) 3.0 7 6.0
62 16.2 (10.0) 33 (33) 6.2 0 4.0
63 18.0 (13.4) 41 (45) 4.6 4 8.5
67 12.0 (7.3) 23 (28) 4.7 5 8.0
72 17.4 (22.8) 39 (19) �5.4 �20 5.5
73 27.2 (23.0) 25 (36) 4.2 11 5.0
74 33.4 (28.0) 14 (19) 5.4 5 6.0
75 11.0 (18.7) 19 (18) �7.7 �1 6.0
78 10.0 (15.0) 28 (24) �5.0 �4 5.0
79 18.4 (8.7) 47 (51) 9.7 4 9.0
80 23.9 (19.9) 42 (41) 4.0 �1 8.0
81 20.8 (27.6) 48 (25) �6.8 �23 4.5
82 32.6 (18.6) 8 (15) 14.0 7 9.0
83 13.0 (11.0) 52 (44) 2.0 �8 3.5
95 26.5 (13.0) 42 (46) 13.5 4 7.0
97 19.2 (13.6) 40 (39) 5.6 �1 4.0
99 11.0 (7.8) 12 (15) 3.2 3 5.0
101 17.2 (21.6) 14 (17) �4.4 3 6.0
103 28.2 (25.0) 9 (25) 3.2 16 6.0
104 31.5 (29.0) 34 (15) 2.5 �19 5.0
108 13.0 (18.2) 53 (38) �5.2 �15 4.0
110 32.9 (18.9) 28 (45) 14.0 17 7.0
112 14.0 (11.6) 43 (54) 2.4 11 6.0
114 25.2 (7.0) 35 (48) 18.2 13 9.0
115 21.0 (14.2) 11 (32) 6.8 21 6.0
117 13.0 (7.7) 43 (49) 5.3 6 5.0
118 18.0 (22.8) 36 (45) �4.8 9 3.5

(continued )
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Table 3

(continued).

Patient no.
∗

Vitamin D after (before) CIS after (before) Diff vitamin D Differ CIS (inverse) Follow-up time, mo

120 26.2 (10.0) 45 (51) 16.2 6 4.0
121 19.0 (13.2) 24 (35) 5.8 11 8.0
124 12.0 (7.8) 22 (38) 4.2 16 7.0
125 17.0 (21.8) 8 (16) �4.8 8 6.5
127 28.2 (25.0) 30 (27) 3.2 �3 6.0
128 31.4 (28.0) 25 (20) 3.4 �5 8.0
129 10.0 (18.4) 40 (37) �8.4 �3 4.0
130 14.0 (15.0) 17 (28) �1.0 11 3.0
133 18.4 (9.3) 36 (49) 9.1 13 9.0
134 23.8 (19.8) 29 (31) 4.0 2 9.0
136 21.8 (27.7) 25 (24) �5.9 �1 8.0

The difference in vitamin D before and after treatment is shown in ng/mL. The difference in CIS is inverse, that is, an improved CIS status is described as “+” and worsening in CIS status as “�.” CIS = Checklist
Individual Strength.
∗
The patients are numbered when enrolled.
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overall increase of 18.5% (P= .004). The CIS score before
vitamin D3 supplement was 34 (95% CI 31–38), and after
supplement, was 31 (95% CI 28–34). CIS score was markedly
reduced in 37 of 60 KTRs (Table 3), with an overall reduction of
10.0% (P= .007).
4. Discussion

This is, to the best of our knowledge, the first study to examine
the effect of vitamin D supplementation on fatigue in KTRs. Our
results suggest that vitamin D supplementation improves fatigue
in most KTRs, which may provide novel proposal for the
prevention and treatment of fatigue in KTRs.
In the present study, we found that 40.1% of KTRs presented

with clinical significant fatigue, which is similar to previous
study.[1] Our results also demonstrated that depression and
inferior sleep quality were risk factors for fatigue in KTRs, which
broadly agrees with the findings of earlier researches.[1,2,23] No
significant association between fatigue and other controversial
variables was found, including being female, body mass index,
and immunosuppressive medication. Further studies are needed.
We found an important association between vitamin D and

fatigue in KTRs, which is supported by recent researches.[7–9] The
exact role of vitamin D in the pathophysiology of fatigue remains
unknown so far. Vitamin D exerts action as that required to
maintain muscle function through its effect on the vitamin D
receptor in muscle cells.[24] Vitamin D deficiency causes muscle
weakness and myalgia.[25] Furthermore, 2 recently published
studies demonstrated an association between low levels of
vitamin D and rotator cuff muscles and fatty degeneration of
thigh.[26,27] These potential effects of vitamin D on muscle
biology could be involved in fatigue among KTRs. Another
possible explanation is the involvement of vitamin D in reducing
inflammation. Experimental studies have suggested that vitamin
D is able to skew the T-cell compartment into a more anti-
inflammatory.[6] Chronic inflammation is common in KTRs and
comparable to that of patients with chronic kidney disease.[28,29]

Various dimensions of fatigue assessed by Multidimensional
Fatigue Inventory-20 in KTRs have been shown to be
independently associated with chronic inflammation.[1] Taken
together, these results seem to suggest that vitamin D has an
important role in the pathophysiology of fatigue in KTRs.
A striking finding in our study is the significant effect of vitamin

D supplementation on fatigue in most KTRs. A recent cross-
4

sectional study on patients with multiple sclerosis showed reduced
odds of fatigue and supplementation with vitamin D.[30] Askmark
et al[31] found a decrease of fatigue score after vitamin D
supplementation in patients with myasthenia gravis. More
recently, 1 randomized, double-blind, placebo-controlled trial
with vitamin D supplementation in patients with juvenile systemic
lupus erythematous showed an improvement in many aspects of
fatigue scores.[10] These results are similar to our findings.
Several limitations of this study should be acknowledged. First,

the limited number of KTRs in our sample reduced the statistical
power of the study. Second, in thepresent study, fatigue, depressive
symptoms, and sleep quality can only be assessed by self-report.
There is, therefore, a possibility of measurement error due to self-
report bias. Third, other effective factors affecting serum levels of
vitamin D, such as nutritional habits and lifestyle,[32] were not
analyzed in our study. Forth, the main issue with the intervention
study is the lack of a placebo-control group. Fifth, the results of
alteration in vitaminD levels and fatigue score inTable 2 should be
presented at the group level, not individual level. Lastly, the study
subjects were recruited from only 1 clinic. Therefore, our results
may not be readily generalized to other patients.
Despite these limitations, our study demonstrates an important

association between vitamin D levels and fatigue in KTRs. A
therapeutic intervention may be recommended in KTRs with low
levels of vitamin D. However, large multicenter trials should be
encouraged to confirm this finding.
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