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ABSTRACT

Background: The prevalence of vitamin D deficiency among chronic kidney disease (CKD) patients is high worldwide. Diagnosis of
vitamin D status is based on the estimation of serum 25-hydroxy vitamin D (25 OH D) level.

Objective: We looked for the different determinants of serum 25 OH D among pre-dialysis stage 3-5 CKD patients.

Patients and Methods: 1624 stage 3-5 CKD adults (689 male and 935 female) were selected beside 200 normal control subjects.
Patients and control subjects were tested for Body Mass Index (BMI), Serum Urea Nitrogen (BUN), Creatinine, Calcium (Ca), Phosphorus
(P), Parathormone (PTH), 25 OH vit D, albumin, and Uric Acid (UA), urine Albumin/Creatinine Ratio (ACR), and estimated Glomerular
Filtration Rate (eGFR). Beside all these parameters we studied serum fibroblast growth factor-23 (FGF23) in further 100 CKD cases.

Results: Optimal level of vitamin D is encountered in 1.4% of CKD patients’ vs 52% of the control. 1107 (68.2%) of CKD patients vs
23 (11.5%) of the control group had serum 25(OH) vit D < 20 ng/mL (mean + S.D = 16.8 + 5.8 vs 37.3+7.6 ng/mL for CKD vs control group
respectively, P < 0.001). There is a significant positive correlation between serum 25(OH) vit D and serum Ca (r = 0.299, P < 0.001), and
significant negative correlation between serum 25 OH vit D on one hand, and serum P, PTH, UA, and urine ACR on the other (r = -0.46,
-0.69, -0.73, and -0.8 respectively, P < 0.001). On the other hand, BMI, age and FGF-23 did not have significant correlation with 25 OH
vit D. Multivariate linear regression model confirmed these significant associations.

Conclusion: Low serum 25 OH vit D is very common among CKD patients. Serum P, UA, and urine ACR are the most important
determinants of serum 25(OH) vit D. These results might cast a doubt on the significance of serum 25 OH vit D as diagnostic measure of

vitamin D status among pre-dialysis CKD patients.

Keywords: CKD; Vitamin D deficiency; MBD; Uric acid; Parathormone; Urine albumin excretion; FGF23.

INTRODUCTION

Beside the pivotal role in calcium and phosphate metabolism,
Vitamin D plays an important mechanism in musculoskeletal
development and health [1]. Vitamin D deficiency has an impact
on different body systems beside the musculoskeletal system. The
hepatic 25-hydroxylase enzyme (CYP2R1) converts vitamin D to 25
OH vit D. So far, estimation of serum 25 OH vit D is considered the
appropriate diagnostic test for vitamin D status. The normal level is
above 30 ng/mL, while a level below 20 ng/mL is considered as vitamin
D deficiency [2]. The consequences of vitamin D deficiency include
increased risks of cardiovascular, neoplastic, infectious, metabolic,
and autoimmune diseases. Vitamin D deficiency is also incriminated
in the progression of CKD [3,4]. CKD patients have impaired renal
1-a hydroxylase (CYP27B1) activity with a consequent decrease in
the rate of conversion of 25(OH)D to calcitriol [2]. This can lead to
secondary hyperparathyroidism (2ry HPT). Superimposed deficiency
of 25 OH vit D may aggravate 2ry hyperparathyroidism. Calcitriol
level should not be used to diagnose vitamin D deficiency as it can
lead to erroneous interpretations of vitamin D status. Calcitriol levels
are usually normal or even elevated in vitamin D deficiency patients as
aresult of elevated PTH levels [2]. This observed discrepancy between
serum 25 OH vit D and serum calcitriol among CKD patients [2]
should cast doubt about the value of 25 OH D as a real indicator of
vitamin D deficiency.

Different factors have been suggested as causes of increased
prevalence and severity of low 25 OH vit D among CKD patients,
namely, anorexia, dietary restriction, diabetes and increased body
mass index [5].

PATIENTS AND METHODS

1624 (688 male and 936 female) CKD patients were initially
included in this study. Their ages ranged between 18 and 55 years.
The underlying etiology of the renal disease is summarized in table 1.
According to KDOQI CKD staging, 271 (16.7%) were in stage 3, 1290
(79.4%) were in stage 4 and 63 (3.9%) were in stage 5. For comparative
purposes, 200 normal control subjects were included. Recruitment of
these patients spent 18 months. Further 100 CKD patients (57 male
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and 43 female) were later studied to highlight if there’s a role of FGF-
23 in the observed association of serum P with 25 OH vit D.

All CKD subjects were newly diagnosed cases. They were
individually interviewed for history taking, clinical examination, and
a written consent was obtained from every candidate after discussing
the mission of the study. Recruited candidates were clinically
examined and a blood sample and urine sample were collected for
laboratory assessment of the different studied parameters. Intact PTH
level was determined by enzyme-amplified sensitivity immunoassay
(Roche Diagnostics, IN, USA). 25 OH vit D was assessed using
HPLC [6]. eGFR was measured using MDRD equation [7]. Intact
FGF23 was determined using a two-site (NH,-terminal/C-terminal)
enzyme-linked immunosorbent assay (Immutopics, CA, USA).
As recommended by manufacturer, samples were collected in the
morning after 12 h fasting. The collected samples were centrifuged,
and the plasma was separated from the cells. Samples were assayed
immediately or stored at =70 °C or below.

Microsoft computer statistics package was used for data analysis.
Data were summarized as a mean and standard deviation. Comparison
between groups was evaluated using Student’s t-test. Correlation
coeflicient between different parameters of mineral metabolism and
kidney function tests was also performed. Multivariate regression
analysis was performed looking for the predictors of 25 OH vit D.

RESULTS

Results are summarized in tables 1-8 and figure 1-4. Table 1
summarizes the etiology of renal disease among this group. 1602 of
the 1624 patients (98.6%) had suboptimal levels of 25 (OH) vit D (<30
ng/ml). The CKD group was subdivided based on serum 25 OH vit

Table 1: Etiology of CKD.

Etiology No. (%) Etiology No. (%)

Diabetes mellitus 527 (32.5%) Systemic hypertension 379 (23.3)
Chronic Interstitial nephritis 287 (17.6%) Chronic glomerulonephritis 56 (3.4%)
158 (9.8%)

39 (2.4%)

Obstructive uropathy Polycystic Kidney 82 (5%)

Reflux nephropathy Hereditary nephropathy 14(0.86%)
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D into 4 subgroups. There was no difference between these 4 groups
regarding male/female distribution or presence vs absence of diabetes
(Table 3). A similar insignificant difference was observed between
normal weight and overweight patients and between diabetic versus
non-diabetic patients. In addition, there is no significant difference
in between these subgroups in patients’ age, body mass index, blood
urea nitrogen, serum creatinine, serum albumin, and estimated
glomerular filtration rate (Table 4). On the other hand, there was a
significant difference in serum Ca, P, PTH, UA and urine ACR (Table
4).

Correlation studies showed significant positive association
between serum 25 OH vit D on one hand and serum albumin and Ca

Table 2: Patient versus control groups.

CKD group Control group
Parameter (1624) (200) P value
Meant S.D. Meant S.D.
Age (years) 28 +8.75 29 +7.06 N.S.
BMI (kg/m?) 23.5+2.71 25.6 +2.09 <0.01
BUN (mg/dL) 19+ 3.91 10.2+ 1.85 <0.001
Serum Creatinine (mg/dL) 2.9+ 0.57 0.8+0.09 <0.001
Serum Albumin (g/dL) 3.5£0.13
eGFR (mL/min/1.73m?) 22.7+ 6.66 88+12.3 <0.001
Serum Calcium (mg/dL) 8+0.28 8.510.27 <0.02
Serum Phosphorus (mg/dL) 4.3+ 0.64 3.6 £0.47 <0.001
Serum PTH (pg/mL) 77.8+ 14.04 45.6 +1.34 <0.001
Serum Zfzrfg/:{;mami” D 16.8+5.8 37.3476 <0.001
Serum Uric acid (mg/dL) 4.9+1.13 4.2+ 0.48 <0.001
Urine ACR (mg/g) 224+ 20.49 12+34 <0.001

CKD= Chronic Kidney Disease; BMI= Body Mass Index; BUN= Blood Urea
Nitrogen; eGFR=Estimated Glomerular Filtration
Rate; PTH= Parathyroid Hormone; ACR= Albumin/ Creatinine Ratio

Table 3: Analysis of subgroups according to gender and diabetic state.
Subgroups according to serum 25 OH vitamin D

Parameter <10 ng/mL 10-<20ng/ml 20-<30ng/ml 230 ng/mL P
(n=203) (n=884) (n=515) (n=22)

Male/female 84/119  368/516  227/288 913  N.S.

Diabetic/non 58/145  296/588  169/346 418 NS

diabetic

Table 4: Comparison of different quantitative parameters between the 4 subgroups.

Subgroups according to serum 25 OH vitamin D

, and significant negative association with age, BUN, P, PTH, UA and
urine ACR on the other hand (Table 5). On multivariate regression
analysis, positive predictors of 25 OH vit D were serum alb and Ca
and negative predictors included serum P, PTH, UA and urine ACR
(Table 6).

In a trial to find out an explanation for the negative association
between serum P and 25 OH vit D, further 100 CKD patients were
recruited in order to study the impact of FGF23 on serum 25 OH
vit D. Statistical studies in this new group confirmed the negative
association between serum P and 25 OH D but failed to disclose a
significant association between FGF23 and serum 25 OH vit D (Table
8).

DISCUSSION

Vitamin D plays a central role in calcium homeostasis and
maintaining bone health. A serum level of 25 (OH) vit D of > 30
ng/mL is required to maximize the beneficial effects of vitamin D
for health [8]. 98.6% of the CKD patients in the current study have
suboptimal levels of 25 (OH) vit D. This figure was never met within
the literature. When the prevalence of vitamin D deficiency was
studied in sunny Louisiana, 77% had suboptimal levels of 25 (OH) vit
D [9]. When a similar study was done in Italy, a more sunny country
compared to Louisiana, only 39.6% of the studied CKD patients
were considered vitamin D-insufficient [10]. The etiology of vitamin
insufficiency among normal healthy subjects includes inadequate
exposure to sun and poor fortification of food with vitamin D [11].
Additional factors were accused as causes of increased prevalence
and severity of vitamin D insufficiency among CKD patients. These
factors include anorexia, dietary restriction [5], old age [11-13],
increased body weight [13,14], and diabetic status [9,13,15,16].
However, the association between these different factors and serum
level of 25 (OH) vit D is not consistent. Many studies failed to find
an association between vitamin D status and age, body mass index,
urine albumin excretion or eGFR. In the present study, we did not
encounter significant association between vitamin D status, on one
hand, and either age, body mass index, or e GFR on the other.

It seems that the climate has no role on serum 25 OH vit D among
Egyptian CKD patients. For culture and religious reasons, most of the
Egyptian adult females lack adequate exposure to the sun. However,
statistical analysis failed to encounter any appreciable difference in
serum 25 OH vit D between male and female CKD patients.

Parameter F-value P
<10 ng/mL 10-<20ng/ml 20-<30ng/ml 230 ng/mL

Age (years) 29+8.74 28 +8.89 27 +8,48 33+8.52 1.51 0.21

BMI (kg/m?) 24 +2.76 23.25+2.7 23.5+2.73 24+26 0.39 0.76

BUN (mg/dL) 19+4.17 19 +3.81 18 +4.02 17.5+3.26 1.94 0.12

S. creat. (mg/dL) 2.8+0.57 2.9+0.57 2.9+0.56 2.8+0.56 0.84 0.47

S.albumin (g/dL) 35+0.13 3.5+0.13 35+0.13 35+0.14 1.60 0.19
eGFR (ml/min/1.73 m?) 22.7 +6.81 22.5+6.82 22.8+6.37 22.9+5.86 34.84 <0.001
S. Ca (mg/dL) 7.8+0.28 8.0+0.29 8.2+0.22 8.4 +0.01 62.6 <0.001
S. P. (mg/dL) 52+0.41 4.5+ 0.66 4+044 4.4 +0.01 179.2 <0.001
S. PTH (pg/mL) 84.3+5.71 82+10.2 63+10.3 55+ 0.01 505 <0.001
25 OH vit D (ng/mL) 9.0+0.53 12.5+3.29 22+2.14 32+0.01 2110 <0.001
Urine ACR (mg/g) 53.7+7.22 30 +19.22 8.7+3.11 10.9+0.01 613.6 <0.001
S. UA (mg/dL) 6.9 +£ 033 5.3+1.06 45+0.44 4.5+0.01 545.3 <0.001

BMI = Body Mass Index; BUN= Blood Urea Nitrogen; S. creat.= Serum Creatinine; eGFR= Estimated Glomerular Filtration Rate; Ca= Calcium; P=Phosphorus;
PTH=Parathyroid Hormone; 25 OH vit D= 25 hydroxy vitamin D; ACR= albumin/ Creatinine Ratio; UA=Uric Acid.
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The current study discloses a highly Signiﬁcant association Table 8: Univariate determinants of 25 (OH) Vitamin D in the 2" CKD group.
between serum 25 OH D and serum Ca, P, PTH, Alb, UA, and urine

.. . .. 25 OH Vit. D (ng/ml
ACR. Two of these associations, namely, the positive association (ng/mi)

r P value
Age (years) -0.08 0.43
Table 5: Univariate determinants of 25 (OH) Vitamin D.
Body mass index (kg/m?) 0.1 0.28
25 (OH) Vit. D (ng/ml)
Blood urea nitrogen (mg/dL) -0.02 0.84
r P value
Serum Creatinine (mg/dL) -0.07 0.49
Age (years) -0.029 0.232
Serum albumin (g/dL) 0.02 0.84
Body mass index (kg/m?) -0.038 0.114 )
e-GFR (ml/min/1.73m?) 0.03 0.77
Blood urea nitrogen (mg/dL) -0.059 0.014 .
Serum calcium (mg/dL) 0.36 <0.001
Serum Creatinine (mg/dL) -0.010 0.693
Serum phosphorus (mg/dL) -0.41 <0.001
Serum albumin (g/dL) 0.076 0.002 .
Parathyroid hormone(pg/ml) -0.85 <0.001
e-GFR (ml/min/1.73m?) -0.009 0.699 )
Urine ACR (mg/g) -0.73 <0.001
Serum calcium (mg/dL) 0.294 <0.001 ) )
Serum uric acid (mg/dL) -0.73 <0.001
Serum phosphorus (mg/dL) -0.449 <0.001
Serum FGF23 (pg/mL) 0.1 0.32
Parathyroid hormone(pg/mi) -0.687 <0.001 CKD= Chronic Kidney Disease; 25 OH vit D= 25-hydroxy vitamin D; eGFR=
Urine ACR (mg/g) -0.798 <0.001 Estimated Glomerular Filtration Rate; ACR= Urine Albumin/Creatinine Ratio;
. . FGF23= Fibroblast Growth Factor-23.
Serum uric acid (mg/dL) -0.726 <0.001
eGFR= Estimated Glomerular Filtration Rate; ACR= Urine Albumin/Creatinine
Ratio. 35 T T
@ R=-0.46, P<0.001
30
Z ©
Table 6: Multivariate predictors of 25 (OH) Vitamin D. E 25 Lo
g $ o, ¢ ¢
B P value 95% Cl of B a 20 11+ * é
Blood urea nitrogen (mg/dL) 0.019 0.234 -0.012 - 0.051 = ® C = , @ o
T é & e
Serum albumin (g/dL) 5020 <0.001 4.049 - 5990 2.0 PR &8
& 5 o
Serum calcium (mg/dL) 2.379 <0.001 1.984 - 2.774 5
Serum phosphorus (mg/dL) -0.608 <0.001 -0.866 - -0.349 0
Parathyroid hormone (pg/ml) ~ -0.086  <0.001 -0.100 -  -0.072 g 3 & G z 22 3
) Serum Phosphorus (mg/dL)
Urine ACR (mg/g) -0.100  <0.001 -0.113 -  -0.087
Serum uric acid (mg/dL) -1.654  <0.001 -1.858 -  -1.451 Figure 1: Correlation between serum phosphorus and serum 25 (OH) vit D
B = Beta coefficient; Cl= Confidence Interval; ACR= Urine Albumin/Creatinine
Ratio.
5 T T
@ R=-0.73, P<0.001
Table 7: Different studied parameters in the 2" CKD group. _
E—‘ 25 g
CKD 100
group (100) ? 0000
Variable Mean + S.D. o0 Y
£ Sl e w
Age (years) 27 +7.47 .515 v*—# 7y P
=)
Body mass index (kg/m?) 235+275 =10 = 9——‘"1——4—%————
~
Blood urea nitrogen (mg/dL) 21.7+£3.34 5
Serum Creatinine (mg/dL) 3.0+ 0.53 0
Serum Albumin (g/dL) 354013 3 4 5 5 / g 9
Sweum uric acid mg/dL)
eGFR (mL/min/1.73m2) 23.6+5.98
Serum calcium (mg/dL) 8.2+0.3 Figure 2: Correlation between serum uric acid and serum 25 (OH) vit D
Serum phosphorus (mg/dL) 4.3+0.67
Serum parathormone (pg/mL) 76.9 + 15.27 with Ca and the negative association with PTH are attributed to the
. physiologic role of vitamin D. The negative association between 25 OH
Serum 25 hydroxyvitamin D (ng/mL) 17 £5.63 . . .
vit D and serum P observed in the current study was also reported in
Uric acid (mg/dL) 50+1.22 a previous study [14]. This negative association looks odd and raises
Urine ACR (mg/g) 22.5+20.1 possible explanations. FGF23 is triggered by P retention in CKD
Serum FGF23 (pg/mL) 235 + 22.96 patients. FGF23 was found to negatively correlate with serum 25 OH
CKD= Chronic Kidney Disease; eGFR=Estimated Glomerular Filtration Rate; D in mice. However, this same study, beside the current one, failed
ACR= Albumin/ Creatinine Ratio; FGF23= Fibroblast Growth Factor-23. to find similar relation in human CKD patients [17]. These findings
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Figure 4: Correlation between urine albumin/creat ratio and serum 25 (OH)
vit D.

raise a possible direct effect of P on 25 OH D. Serum P correlates with
24 hydroxylase RNA [18]. This relation means that high serum P can
increase catabolism of 25 OH D by the excess activation of Cyp24al
24 hydroxylase.

For long time, serum Alb was considered as the principal marker
used to identify malnutrition in CKD patients if such cases have
normal liver function and do not suffer heavy proteinuria. However,
further studies and observations have reconsidered serum Alb. as a
marker of illness rather than nutrition [19]. The significant positive
association of serum Alb. with serum 25 OH vit D denotes that this
level might be affected by the health status of CKD patients.

Low 25 OH D was previously reported in CKD patients having
sub-nephrotic range of proteinuria [13] and even in those having
microalbuminuria [20]. In the current study, CKD patients with
increased urine ACR were in the range of microalbuminuria. Serum
25 OH D in these patients has a significant negative association with
urine ACR. The Molecular Weight (MW) of Vitamin D Binding
Globulin (VDBG) is 52 kDa, a little bi-lower than albumin [21]. 25
OH D bound to VDBG is filtered at glomeruli. Under physiologic
conditions, reabsorption of 25 OH D- VDBG complex at proximal
tubular cells is mediated by megalin present at the brush border
[22]. Whether increased filtration of 25 OH D- VDBG complex or
its decreased reabsorption by proximal tubular cells due to down
regulation of megalin in CKD patients still needs further studies. On
the other hand, rats develop podocyte injury and renal dysfunction
if they are 1,25 (OH), D -deficient. 1,25 (OH), D -deficient animals
develop decreased expression of nephrin, podocin, and desmin in the
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podocyte [23]. In 1,25 (OH), D -deficient mice, glomerular transient
receptor potential cation channel 6 (TRPC6) expression is increased,
accompanied by podocyte foot process effacement and proteinuria
[24]. Being the substrate of 1,25 (OH), D, deficiency of 25 OH D can
result in injury of the renal filtration barrier, leading to proteinuria
and consequent renal dysfunction.

The significant negative association between 25 OH vit D and
serum UA is more difficult to explain. This association was once
observed in old Chinese women with normal kidney functions [25].
The liver is the major if not the sole source of 25 OH vit D production
[26]. UA is an important factor underlying Non-Alcoholic Fatty
Liver Disease (NAFLD) in patients with or without CKD [27,28]. The
significant association of NAFLD and low 25 OH vit D is reported
in many recent studies [29-23]. Taken together, these studies raise
strongly the possibility of inhibition of hepatic 25 hydroxylation of
vitamin D by the high serum UA in patients with or without CKD.
A second possibility might be through the recently discovered down
regulation of the urate exporter, ATP-Binding Cassette Transporter
G2 (ABCG2), by PTH [33]. ABCG2 is responsible for intestinal
excretion of UA [34]. PTH induced down regulation of ABCG2
might thus cause retention of UA. In other words, low 25 OH vit D
stimulates PTH secretion that in turn causes UA retention. In the
current study, the relative weight of 25 OH vit D in association with
PTH versus UA criticizes this possibility.

Finally, it seems that serum 25 OH is not a mere indictor of
vitamin D status among pre-dialysis CKD patients. At least 3 factors
that are commonly encountered in these patients would interfere
between real vitamin D input and the estimated level of 25 OH vit D.
Future experimental and clinical trials are still needed to explain the
discrepancy in the prevalence and the severity of vitamin D deficiency
that can not be explained by the environmental and nutritional
factors, the inconsistency in the association between vitamin D
deficiency and the different factors accused in different studies, and
to confirm the or obviate the conclusion of the current study.
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