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ABSTRACT

Introduction: Thelevel of 25-hydroxyvitamin D isanindependent
predictor of disease progression and death in Chronic Kidney
Disease (CKD) patients. However, there are insufficient data to
evaluate the possible effects of plasma 25(0OH)D, levels on the
prognosis of Focal Segmental Glomerulosclerosis (FSGS).

Aim: To analyse the relationship between renal prognosis and
serum 25(0OH)D, status in FSGS.

Materials and Methods: The study was conducted on 56 patients,
who were followed-up for at least one year and diagnosed with
primary FSGS. Participants were grouped according to their baseline
25(OH)D, levels (<15 or >15 ng/mL) and treatment response at
the end of one year (remission group or no remission group) was
evaluated.

INTRODUCTION

Vitamin D deficiency is quite common in people with CKD [1]. It
has been shown that 25(OH)D, concentration is associated with
daily protein excretion, estimated Glomerular Filtration Rate (eGFR),
and annual decline in kidney function [2,3]. Plasma levels decrease
further as kidney function declines and current data suggest that
25(CH)D, level is an independent predictor of disease progression
and death in CKD patients [4-6]. FSGS is the second most common
glomerular disease after membranous glomerulonephritis in Turkey
and one of the important causes of CKD [7-9]. The presence of
nephrotic range proteinuria, the degree of interstitial fibrosis and
response to treatment are some predictive factors for the long term
prognosis of FSGS patients [10,11].

The 25 (OH) Vitamin D is an important vitamin that has critical role
in the maintenance of the cardiovascular, neurological and immune
systems [12]. Vitamin D replacement is extremely important in patients
with stage 3-5 CKD, as it prevents secondary hyperparathyroidism [5].
Vitamin D analogues have been shown to reduce renal progression in
diabetic nephropathy and glomerular damage in experimental studies
[13,14]. However, there is insufficient data on whether 25(0OH)D,
deficiency is a risk factor for disease progression in FSGS patients with
nephrotic syndrome. Demonstrating a possible relationship between
vitamin D level and renal prognosis in FSGS, one of the most common
primary glomerulonephritis, may have important consequences for
this patient population at high risk of end stage renal disease. The aim
of this study was to evaluate the relationship between 25(0H)D, levels
and clinical parameters, renal histological lesions and renal prognosis
in FSGS patients.
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Results: Mean age of the 56 participants was 44+13.92 years and
27 (48.2%) were male. Remission achievement in the first year was
significantly higher and interstitial fibrosis was significantly lower
forthe group with a25(0OH)D, above >15 ng/ mL (p<0.001, p=0.002,
respectively). Basal serum 25(0H)D, level was significantly lower
and interstitial fibrosis and tubular atrophy percentages were
higher for the ‘no remission’ group (p<0.001, p<0.001, p=0.005,
respectively). Results of the binary logistic regression analysis
revealed that low 25(OH)D, level and higher interstitial fibrosis
were independent predictive factors that increased the risk of no
remission in the first year (p=0.036, p=0.004, respectively).

Conclusion: In primary FSGS patients, low baseline 25(0H)D,
level at the time of biopsy and high interstitial fibrosis are
independent predictors that reduce remission rates in the first year.

Keywords: 25-hydroxyvitamin D,, Interstitial fibrosis, Remission

MATERIALS AND METHODS

This retrospective study was conducted between June 2006 and
August 2018 at University of Health Sciences, Diskapi Yildirim Beyazit
Education and Research Hospital, Nephrology Clinic, Ankara, Turkey.
Analysis of the data was done in January 2021. The study was
initiated after obtaining permission from the local Ethics Committee
(date: 06.08.2018, number: 53/21).

Inclusion criteria: Total 56 of 80 FSGS patients diagnosed with
biopsy in the clinic, who were followed for at least one year after
biopsy, were included.

Exclusion criteria: Those who had biopsy less than a year ago and
those who did not attend their regular follow-ups were excluded
from the studly.

Study Procedure

Age and gender were noted as demographic data. Arterial
hypertension, Diabetes Mellitus (DM) and Cardiovascular Diseases
(CVD’s) were recorded as concomitant diseases. The results of
serum samples were taken when the patients were admitted to the
clinic for renal biopsy were evaluated as baseline laboratory tests.
Interstitial fibrosis and tubular atrophy were assessed on kidney
biopsy and recorded as the percentage of glomeruli examined.

Serum glucose, urea, creatinine, serum cholesterol, albumin and
25(OH)D, levels were noted as laboratory parameters. A 25(0H)D,
levels studied by the chemiluminescence method were interpreted
according to the National Kidney Foundation Results Quality
Initiative (NKF K/DOQ)) guidelines {25(0H)D_> 30 ng/mL is normal;
16 and 30 ng/mL range is insufficient; <15 ng/mL is deficiency}
[15]. Participants were primarily divided into two groups based on
their baseline vitamin D status. Those with levels below 15 ng/mL
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constituted group-1, while those above 15 ng/mL formed group-2.
Participants were also divided into remission group and no remission
group according to their treatment responses at the end of one year.

Treatments and treatment responses were based on the
recommendations of the Developing Global Outcomes of Kidney
Disease (KDIGO) Clinical Practice Guidelines for Glomerulonephritis.
Reduction of proteinuria to 0.3-3.5 g/dL {or spot urine protein/
creatinine ratio 300-3500 mg/g (0-350 mg/mmol)}, and stable serum
creatinine (change in creatinine <25 %), or a decrease in proteinuria
>50% from baseline and stable serum creatinine (change in creatinine
<25%) were used to define partial remission of nephrotic syndrome
in adults with FSGS. On the other hand, reduction of proteinuria to
<0.83 g/day, or spot urine protein/creatinine ratio <800 mg/gr (<30 mg/
mmol), and normal serum creatinine and serum albumin >3.5 g/dL
(85 g/L) were used as parameters to define complete remission [16].

STATISTICAL ANALYSIS

Data were analysed using Statistics Package for Social Sciences
(SPSS) for Windows (Version 22.0, SPSS Inc., Chicago, IL, USA).
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Data distribution was analysed by Kolmogorov Smirnov test.
Parametric quantitative data were presented as mean and Standard
Deviation (SD). Qualitative data were presented as number (n) and
percentage (%). Student’s t-test was used for parametric data,
and Mann-Whitney U test was used for analysis of non parametric
data. Pearson’s Chi-square test was used to analyse qualitative
data. Receiver Operating Characteristics (ROC) curve analysis was
performed to determine the optimum threshold value, sensitivity
and specificity of the factors predicting remission. Determinants of
non response to treatment were analysed using logistic regression
analysis. Two-sided p<0.05 was considered statistically significant
for all data.

RESULTS

The demographic data, laboratory characteristics and kidney biopsy
findings are presented in [Table/Fig-1]. The mean age of the study
group (n=56) was 44+13.92 years and 27 of them (48.2%) were
male. Twenty-six patients (46.4%) had arterial hypertension (HT),
15 (26.8%) had DM, and 3 (5.4%) had CVD.

25(0H)D, levels Response to therapy
Group 1 <15 ng/mL | Group 2 >15 ng/mL

Variables n=56 n=18 n=38 p-value No remission n=18 Remission n=38 p-value
Age (year) 44+13.92 42+13.8 46+13.9 0.391 43+13.1 45+14.3 0.625
Gender (male; n, %) 27 (48.2) 11(61.1) 16 (42.1) 10 (55.6) 17 (44.7)

0.184 0.449
Gender (female; n, %) 29 (51.8) 7(38.9) 22 (57.9) 8 (44.4) 21 (55.3)
Co-morbidities (n, %)
Hypertension 26 (46.4) 5(27.8) 21 (565.3) 0.054 7(38.9) 19 (50.0) 0.436
Diabetes mellitus 15 (26.8) 5(27.8) 10 (26.3) 1.00 6 (33.3) 9 (23.7) 0.524
Cardiovascular disease 3(5.4) 2(11.1) 1(2.6) 0.239 2(11.1) 1(2.6) 0.239
Laboratory results
Glucose (mg/dL) 111+45.4 110+44.7 112+46.3 0.661 116+48.5 109+44.4 0.385
Urea (mg/dL) 48+32.2 46+22.7 50+36.1 0.715 43+21.6 51+36.1 0.405
Creatinine (mg/dL) 1.39+1.08 1.45+0.80 1.36+1.20 0.276 1.44+0.79 1.36+1.21 0.325
eGFR (mL/min/1.73 m?) 71+30.4 65+28.9 73+31.1 0.364 65+27.7 73+31.5 0.425
Uric acid (mg/dL) 6.8+1.9 7.0£1.7 6.7+1.9 0.958 6.8+£1.7 6.7+1.9 0.604
Sodium (mEg/L) 138+4.2 139+4.6 139+4.1 0.614 139+2.4 138+4.8 0.887
Potassium (mEa/L) 4.3+0.4 4.2+0.4 4.3+0.40 0.647 4.3+0.4 4.3+0.4 0.604
Calcium (mg/dL) 8.8+1.1 8.7+0.7 8.8+1.2 0.424 8.6+1.2 8.8+0.,9 0.424
Phosphorus (mg/dL) 3.7£0.7 3.7£0.7 3.7£0.7 0.958 3.7£0.8 3.7£0.6 0.660
Total protein (g/dL) 6.2+1.4 6.0+1.9 6.3+1.1 0.243 5.8+1.2 6.4+1.4 0.075
Albumin (g/dL) 3.4+0.8 3.2+0.9 3.5+0.8 0.304 3.2+0.8 3.5+0.8 0.370
Proteinuria (gr/day) 5.7+3.9 6.8+4.3 5.2+3.8 0.141 7.3+4,6 5.0+3.4 0.092
Total cholesterol (mg/dL) 264+112.8 254+87.6 269+123.8 0.909 257+78.8 268+126.6 0.979
LDL- cholesterol (mg/dL) 172+78.6 171+66.0 172+84.8 0.895 173+59.4 172+87.0 0.605
HDL- cholesterol (mg/dL) 51+£15.7 50+£18.9 51+£14.2 0.568 51+£17.5 51+15.0 0.604
Triglyceride (mg/dL) 349+29.1 203+68.7 418+1125.1 0.317 229+76.2 407+1127.0 0.667
WBC (10%/pL) 8.4x£2.5 8.8+£3.2 8.2+2.0 0.406 8.7£2.3 8.2+2,5 0.482
Hb (g/dL) 13.1+2.0 12.4+2.1 13.4+1.9 0.068 13.4+2.2 12.9+1.9 0.441
Platelet (10%/uL) 282+77.9 264+78.4 290+77.4 0.255 291+83.4 277+75.9 0.528
25-(OH) D, levels (ng/mL) 17.6+5.5 13.3+2.5 19.6+5.3 <0.001
Renal biopsy findings
IF (%) 30.1£5.5 33.4+5.6 28.6+4.9 0.002 36.2+3.5 27.2+3.7 <0.001
TA (%) 33.3+7.5 34.5+6.8 32.7+7.8 0.417 37.2+£7.4 31.416.8 0.005
Response to treatment
No remission 18 (32.1) 12 (66.7) 6(15.8) <0.001
Remission 38 (67.9) 6 (33.3) 32 (84.2)

[Table/Fig-1]: Baseline (at the time of diagnosis) demographic and laboratory characteristics of participants.
eGFR: Estimated glomerular filtration rate; LDL: Low density lipoprotein; HDL: High density lipoprotein; WBC: White blood cell; Hb: Hemoglobin; IF: Interstitial fibrosis; TA: Tubular atrophy

Test applied- Student’s t-test, Mann-Whitney U test and Pearson’s Chi-squate test. Student’s t test was used for parametric data, and Mann-Whitney U test was used for analysis of non parametric data. Pearson’s
Chi-square test was used to analyse qualitative data

p<0.05 was considered statistically significant for all data
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The mean number of glomeruli in kidney biopsies was 19.8+12.6
and the percentage of sclereosis was 42+14.9. Remission was
achieved in 38 (67.9%) patients with the treatment applied {complete
remission in 32 (57.1%) patients, partial remission in 6 (10.7%)} and
remission could not be achieved in 18 patients (32.1%).

Patients with 25(0OH)D, levels below 15 ng/mL (n=18) formed groupT,
and those above 15 ng/mL (n=38) were group 2 [Table/Fig-1]. There
was no difference between the groups in terms of demographic data
and baseline laboratory values (p>0.05). The rate of interstitial fibrosis
was higher in group 1 (p =0.002) at the end of first year, 6 (33.3%)
patients in group 1 and 32 (84.2%) patients in group 2 achieved
remission [Table/Fig-1,2] (p<0.001).
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[Table/Fig-2]: Baseline vitamin D levels during biopsy and remission percentage in

the first year.

The demographic characteristics and laboratory values at the time
of biopsy of the patients, with and without remission, were similar
(0>0.05). However, 25(0H)D, level was significantly lower, interstitial
fibrosis and tubular atrophy were higher in the no remission group
compared to the remission group (p<0.01, for all) [Table/Fig-1].

With the ROC analysis, the sensitivity and specificity were defined as
95% and 89% for interstitial fibrosis and 79% and 88% for 25(0OH)
D, level (p<0.001 for both) [Table/Fig-3,4]. As per the binary logistic
regression analysis, low vitamin D status and higher interstitial
fibrosis were identified as independent predictors of non response
to treatment (p=0.036, p=0.004, respectively, [Table/Fig-5].

Variables AUC Cut-off | Sensitivity | Specificity | p-value
25(0H)D, (ng/mL) 0.852 15 79% 88% <0.001
IF 0.968 33 95% 89% <0.001
TA 0.735 38 84% 72% 0.005

[Table/Fig-3]: Results of the ROC analysis to predict remission in the first year by
using vitamin D level and IF and TA percentages.

ROC: Receiver operating characteristic IF: Interstitial fibrosis; TA: Tubular atrophy, AUC: Area
under the curve; Test applied- ROC analysis and Logistic Regression Analysis; p<0.05 was
considered statistically significant for all data
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[Table/Fig-4]: Vitamin D Receiver Operating Characteristic (ROC) analysis curve.
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Variables OR (95% Cl) p-value
25(0H)D, <15 ng/mL 12.8(1.18-140.19) 0.036
IF >33% 36.9 (3.19-427.41) 0.004
TA >38% 8.5 (0.68-106.70) 0.097

[Table/Fig-5]: Risk factors for no remission in the first year.

IF: Interstitial fibrosis; TA: Tubular atrophy; Test applied-Logistic Regression Analysis; p<0.05 was
considered statistically significant for all data

DISCUSSION

The present study, was aimed to examine the relationship between
25(CH)D, level and renal prognosis in patients with primary FSGS.
It has been shown that patients with higher baseline serum 25(0OH)
D, levels have lower interstitial fibrosis percentage and considerably
higher remission rates at the end of the first year. In addition, low
basal vitamin D levels have been established to be a predictor of non
responsiveness to standard therapy like interstitial fibrosis. To the
best of our knowledge, this is the first study to show the relationship
between 25(0OH)D, status and kidney prognosis in FSGS patients.

All of the patients followed in the study clinic were managed to
conform to the KDIGO glomerulonephritis clinical practice guideline
and response rates were defined according to this protocol [16].
Medical data suggest that spontaneous remission rates of roughly
10% can approach 70% after appropriate treatments in FSGS cases
[17]. In this study, comparable to the general literature, complete
and partial response rates were calculated as 57.1% and 10.7% at
the end of the first year.

The association of vitamin D deficiency with morbidity and mortality
in cases of nephrotic syndrome has not yet been defined [18].
Despite these findings, there are a limited number of studies dealing
specifically with the relationship between vitamin D and nephrotic
syndrome [19,20]. Previously, Li XH et al., argued that 25(0OH)D,
deficiency may indicate serious renal pathological features in the
early stage of IgA nephropathy [19]. There are no studies in the
literature on FSGS and 25(OH)D, deficiency in adults. Among
paediatric primary nephrotic syndrome cases, serum 25-hydroxy
vitamin D, levels were found to be lower in the initial onset and non
remission groups than in the remission group [20]. At this point,
there is no data on the adult patient population.

Vitamin D deficiency has been shown to be associated with kidney
damage in experimental studies. Zhang Y et al., showed that mice
lacking the vitamin D receptor developed more severe kidney damage
with pronounced tubular atrophy and interstitial fibrosis compared to
normal mice [21]. Actually, interstitial fibrosis is a histopathological
prognostic factor predicting kidney survival in FSGS patients [22].
Interstitial fibrosis at the time of diagnosis was significantly lower in the
patients who achieved remission. Experimental data show that vitamin
D analogues reduce albuminuria [23], and vitamin D deficiency activates
the renin angiotensin system [24,25]. The positive relationship between
vitamin D levels and remission rates in patients with FSGS may have
developed through this pathway. Further studies are needed on this
subject. There are data suggesting that glomerular damage in FSGS
is triggered by immune mechanisms [26,27]. The immunomodulatory
effects of vitamin D shown in recent studies [28,29] may be another
important reason for the relationship between FSGS and vitamin D.
In the present study, the mean 25(0OH)D, level of 56 participants was
17.6 (£5.5). Vitamin D treatment was administered to patients with
deficiency in accordance with the guidelines [30,31]. Serum 25(0OH)
D, levels should be measured regularly in FSGS patients. Adequate
vitamin D can effectively prevent the progression of FSGS and reduce
the occurrence of glomerular sclerosis.

Limitation(s)

The most important limitation was the small number of participants
and the fact that all patients were from a single centre. Another
limitation was that the effect of vitamin D treatment on the course of
FSGS has was not evaluated.
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CONCLUSION(S)

This study demonstrated that low baseline vitamin D levels, as
interstitial fibrosis, are an independent predictor of unresponsiveness
to standard therapy in patients with primary FSGS. Prospective studies
involving more patients are needed to determine whether vitamin D
measurement and treatment at the time of diagnosis contribute to
the reduction of glomerulosclerosis during FSGS follow-up.
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G.0O., Concept - E.G.O., G.U.O., M.D.A.; Design - C.K,, E.G.O.,

G.U.0,, H.S, TS., M.D.A,; Data Collection or Processing - C.K.,
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Literature Search - C.K., H.S., T.S.; Writing-C.K., E.G.O., G.U.O.
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