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Background: Patients with CKD have a higher prevalence of dyslipidemia and hypovita-
minosis than the normal population. Recent studies in the general population have shown
a potential link between 25(OH)D and dyslipidemia. However, such evidence in the early
CKD population, especially in the Nepalese setting, is lacking. Thus, the present study aimed
at investigating the status of 25(OH)D and dyslipidemia in the early CKD patients, and
further to establish an association between 25(OH)D and lipid profile.

Patients and Methods: In this cross-sectional study, we analyzed 136 clinically stable
non-dialyzed CKD patients. 25(OH)D and lipid profile were evaluated as a core variable, and
their direction and magnitude of a relationship were evaluated.

Results: The estimated prevalence of dyslipidemia was 49.3%, and 63.2% population had
a deficiency of 25(OH)D level. Compared with the patient with normal 25(OH)D level, the
patient with deficient 25(OH)D level had a significantly higher level of LDL-c (P=0.04) and
lower level of HDL-C (P=0.048). Serum 25(OH)D level was significantly lower in dyslipi-
demic patients than non-dyslipidemic patients (P=0.015). Regression analysis demonstrated
a significant inverse relationship between serum 25(OH)D levels and LDL-c (p=—1.5;
P=<0.001), and TC levels (B=—1.4;P=0.003), and the association remained unchanged with
further adjustment for age, sex, HTN, DM, serum albumin and eGFR.

Conclusion: Our study unveiled a high rate of dyslipidemia and hypovitaminosis in
a considerable number of early CKD patients. Low serum level of 25(OH)D was signifi-
cantly correlated with a higher rate of dyslipidemia. These findings indicate some evidence
for 25(OH)D level as a marker of dyslipidemia prediction, and that decrease in serum level
of 25(OH)D is associated with increased serum level of LDL and TC; it could increase the
risk of cardiovascular disease. Therefore, early recognition and timely management of
hypovitaminosis and dyslipidemia is vital to prevent an inevitable cardiovascular event.
Keywords: chronic kidney disease, dyslipidemia, 25(OH)D

Introduction

Chronic kidney disease is an increasing worldwide and becoming a major public
health threat to public health.' The prevalence of chronic kidney disease (CKD) is
high in developing countries, and the prevalence is estimated to be 10.6% in the
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Nepalese population.® The patients with CKD exhibit sig-
nificant alteration in lipoprotein metabolism,** with
a higher prevalence of dyslipidemia than the normal popu-
lation, and are estimated to be over 40% in patients with
kidney failure.*® Serum 25 — hydroxyvitamin-D level is
a sensitive measure of vitamin D status of an individual.”
And 25(OH)D deficiency is very frequently reported in
non-dialyzed CKD patients, affecting more than 80% of
patients in pre-dialysis patients,'® with a significant
increased risk of mortality."'

Recent epidemiological studies suggest that low serum
25(0H)D level is associated with atherosclerosis,
obesity,'> DM,'* hypertension,'> myocardial infarction,'®
and stroke.'” In the general population, several studies have
been reported regarding the association between the low 25
(OH)D and dyslipidemia. Recent studies in the general popu-
lation have shown that a low 25(OH)D level is associated
with hyperlipidemia.'®'® However, in non-dialyzed patients,
the relationship between serum 25(OH)D and lipid profile is
obscure. Moreover, the status of dyslipidemia and its poten-
tial link to 25(OH)D level in resource-limiting country, espe-
cially in the Nepalese setting is lacking. Therefore, the
present study aims to determine the prevalence of dyslipide-
mia in early CKD patients, and further to examine the rela-
tionship between 25(OH)D and lipid panel.

Patients and Methods
Study Design and Duration

This cross-sectional study was conducted at the nephrol-
ogy department, Kathmandu medical college and teaching
hospital, Nepal from June 2016 to March 2017.

Study Population and Patient’s Selection
In this cross-sectional study, a total 136 patients eligible
for the inclusion criteria were included. To be eligible for
the study, the patients who were ages 18 years or above,
clinical stable for 3 months preceding the study with
a confirmed diagnosis of CKD stage 2—5 not on dialysis
were included for analysis. Patients with renal replacement
therapy were excluded from the study.

Outcome Variables

The primary outcome variables in this study were serum level
of 25(OH)D, low-density lipoprotein cholesterol (LDL-c),
high-density lipoprotein cholesterol (HDL-c), total cholesterol
(TC) and triglyceride (TG). The covariates included in this
study were age, sex, co-morbidities (Hypertension, Diabetes

mellitus) biochemical laboratory test including serum creati-
nine (SCr), estimated glomerular filtration rate (eGFR), serum
albumin and duration of disease.

Data Collection

Demographics status including age, sex, and relevant clin-
ical information such as CKD stage, CKD diagnosis,
hypertension history, diabetes mellitus history were
approached for analysis. Laboratory data corresponding
to lipid profile including LDL-C, HDL-c, TG, and total

cholesterol were assessed.

Estimation of GFR
GFR were estimated by using MDRD-4 equation®”
GFR= 175x (SCr) "'** x(age) *** x(0.742 if female)
GFR units are mL/min/1.73 m?.
Classification of the stage of CKD?!
CKD was classified into five stages defined by the GFR
and/or evidence of kidney damage, as recommended by
the National Kidney Foundation (Table 1).

Assessment of 25(OH)D and
Dyslipidemia

Electrochemiluminescence (ECLIA) assay was used to mea-
sure the level of 25(OH)D. According to the lab manual and
recent opinion, we considered 25(OH) deficiency if the value
<20 ng/mL and normal if the level were >20 ng/mL.%**
Hyperlipidemia was defined as: 1) a TG level of >150 mg/
dL; 2) an LDL of >160 mg/dL; or 3) an HDL <50 mg/dL for
women or <40 mg/dL for men, as previously described.”*

Statistical Analysis

Continuous data were presented as mean = SD or median +
interquartile range for skewed data. The significance tests
for differences among continuous variables were performed
by One-way Analysis of Variance (ANOVA), and the sig-
nificance of association for categorical data by Chi-square
(x2). Univariate linear regression analysis was performed to

Table | Classification of Stage of CKD

Stage Criteria

| eGFR290 plus evidence of kidney damage

2 eGFR 60-89 plus evidence of kidney damage
3 30-59

4 15-29

5 <15

Abbreviation: eGFR, estimated glomerular filtration rate.
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assess the relationship between each 25(OH)D metabolite
and lipid profile including LDL-c, HDL-c, TG, and TC.
Multivariate regression analysis was performed to examine
the combined effects of clinical parameters on the serum
level of each 25(OH)D metabolite. Variables were unad-
justed in Model 1, whereas model 2 for age and sex, and
model 3 was adjusted for age, sex, Hypertension, Diabetes
mellitus, and eGFR. A p-value <0.05 was considered at
a level of significance for all statistical analyses.

Ethical Issue

Patients were well informed about the nature of the study,
and all participants signed informed consent before parti-
cipating in the study. The study was conducted in accor-
dance with the Declaration of Helsinki. The study
protocols were approved by the institutional review
board (IRB) of Kathmandu medical college teaching hos-
pital Sinamangal, Kathmandu, Nepal.

Results
Baseline characteristics and the lipid profiles of the
enrolled patients are illustrated in Table 2. Mean ages of

Table 2 Baseline Characteristics of the Population

Parameters Inference

n 136

Age SD, range 51.97+14.82(27-89)

Sex
Male 101(74.3)
Female 35(25.7)

Median duration of disease (years) (min-max)
Hypertension (+)

Diabetes mellitus (+)

Creatinine (mg/dL)

eGFR(mL/min/1.73m?

Serum Albumin (mg/dL)

25(0OH)D (median)

2.00 (I month — 32 years)
47(34.6)

107(78.7)
2.22+1.6(1.10-6.40)
51.96+25.99(8.30-89.82)
4.09+0.38(3.10-5.90)
19.20 (5.10—45.90)

TC(mg/dL)
LDL-c (mg/dL)
TG (mg/dl)

HDL-c (mg/dL)

25(OH)D
<20 ng/mL 86 (63.2)
>20 50 (36.8)
Dyslipidemia (+) 67(49.3)

168.68+35.82 (100-288)
95.18+30.63(36-231)
162.66+70.74(111-427)
42.92+5.07(18.40-65)

Abbreviations: eGFR, estimated glomerular filtration rate; TC, total cholesterol;
LDL-c, low-density lipoprotein cholesterol; TG, triglyceride; HDL-c, high-density

lipoprotein cholesterol.
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Figure | Association between 25(OH) D and lipid panel.

the patients were 51.97+£14.82 years, and male subjects
were 101 (74.3%). Mean serum creatinine (mg/dl) and
CrCl (mL/min/1/73m?) of the enrolled patients were 2.22
+1.6 and 51.96 £25.99, respectively.

Figure 1 demonstrates the association between lipid
panel and 25(OH)D statuses. Compared to the patients
with normal 25(OH)D level, the patients with deficient
serum 25(OH)D had insignificantly higher level serum
Triglyceride (p=0.32), and total cholesterol (P=0.16).
However, compared with the patients with normal 25
(OH)D level, the patients with deficient 25(OH)D level
had a significantly higher level of LDL-c (P=0.04).
A significantly higher level of HDL-C was found in the
patients with normal 25(OH)D level, compared to those
who had a deficiency of 25(OH)D level (P=0.048). The
estimated prevalence of dyslipidemia was 49.3% (95%CI:
40.59-57.40) (Table 3).

Table 4 presents the association between dyslipidemia
and demographic/clinical parameters of the enrolled
patients. Age, gender, systolic blood pressure, diastolic
blood pressure, duration of disease, diabetes mellitus,
stages of chronic kidney disease, serum albumin were
not significantly correlated with dyslipidemia (P>0.05).
Hypertension reported being significantly higher in dysli-
pidemic patients, compared to non-dyslipidemic patients
(P<0.05). Serum level of 25(OH)D (strata), defined as
<20 ng/mL and >20 ng/mL was insignificantly linked to

Table 3 Prevalence of Dyslipidemia

Total Sample Size Dyslipidemia 95% ClI
(n) (n=67)

Prevalence (%) LL (%) | UL (%)
136 49.3 40.59 57.40
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Table 4 Association Between Dyslipidemia and Demographic/

Clinical Parameters

Parameters Dyslipidemia P value
Present Absent

Age, mean xSD 51.07+£14.89 | 52.84+ 14.82 | 0.49

Sex, n(%) 0.62
Male 51(76.11) 50 (72.46)

Female 16 (23.89) 19 (27.54)

Hypertension, n(%) 0.034
Present 28 (41.79) 17 (24.63)

Absent 39 (58.2) 52 (75.36)

Systolic blood pressure 126.27 126.23 0.98

(mmHg), mean +SD +16.52 +15.37

Diastolic blood pressure, 81.86+12.04 | 80.94+10.71 0.63

mean +SD

Disease duration, mean *SD 4.66+6.52 4.75% 6.55 0.93

Duration of disease 0.47

(years)
< 5 years 51 (76.11) 56 (81.15)

25 years 16 (23.89) 13 (18.84)

Diabetes mellitus,n(%) 0.16
Present 56 (83.58) 51 (73.91) 0.16
Absent 11(16.42) 18 (26.08)

CKD stage 0.11
Stage 1/2(eGFR>60), n(%) 29 (43.28) 29 (42.02)

Stage 3 23 (34.32) 18 (26.08)
Stage 4 14 (20.89) 14(20.28)
Stage 5 1(1.49) 8 (11.59)

Serum albumin, mean 4.11£0.42 4.06+0.041 0.079

*SD

Vit25(OH)D (strata),n(%) 0.099
<20 48 (71.64) 38 (55.07)

220 19 (28.35) 31 (44.92)

Vit25(OH)D (cont), mean 19.73+4.68 22.3447.29 0.015

+SD

dyslipidemia (P=0.09). However, 25(OH)D level (as
a continuous) reported being lower in dyslipidemic
patients compared with those in non-dyslipidemic
patients (19.73+4.68 vs 22.34+7.29; P=0.015)

Table 5 presents the association between serum 25
(OH)D and lipid panel. Regression analysis demon-
strated a significant inverse relationship between 25
(OH)D levels and LDL-¢ (p=—1.5; P=<0.001), and TC
levels (B=—1.4;P=0.003). The association of 25(OH)D
levels with LDL-c (B=—0.19;P=0.025) and total choles-
terol (B=—0.16;P=0.045) remained significant even after

Table 5 Association Between 25(OH)D and Natural Log
Transformed LDL, HDL, TC and TG Level (Multivariable Linear
Regression Model)

Lipoprotein B 95% CI P value
Function Coefficient

Model |

LDL-C -1.5 —2.27t0-0.70 | <0.001
TG -0.8 —2.7 to 1.09 0.39
HDL-C 0.089 —.049 to 0.22 | 0.20
TC -1.4 —2.4 to —0.51 | 0.003
Model 2

LDL-C —0.98 —1.7to —0.17 | 0.017
TG =11 —3.2 to 0.87 0.26
HDL-C 0.10 —0.04 to 0.25 | 0.15
TC -0.99 —1.9 to —0.15 | 0.047
Model 3

LDL-C -0.19 —1.6to-0.17 0.025
TG -0.12 -29 to 0.71 0.13
HDL-C 0.10 —0.03t0 0.29 | 0.42
TC -0.16 —1.9 to 0.026 | 0.045

Abbreviations: Model |, unadjusted; Model 2, adjusted for age and sex; Model 3,
adjusted for age, sex, HTN, DM, serum albumin and eGFR.

adjusting for age, sex, HTN, DM, serum albumin and
eGFR.

Figures 2—5 depict the correlation between 25(OH)D and
LDL-C, HDL-C, TG and total cholesterol. Pearson’s corre-
lation revealed a significant inverse correlation between 25
(OH)D and LDL-C (=—0.30;P=<0.001), 25(OH)D, and
total cholesterol (r=—0.25;P=0.003). An insignificant inverse
correlation was observed between 25(OH)D and TG (r=
—0.079; P=0.39) and insignificant positive correlation was
observed between 25(OH)D and HDL-C (r=0.11; P=0.20)

Discussion

Recent data in the general population from epidemiological
studies have suggested the potential link between 25(OH)D
and lipid profile. However, data on early CKD patients have
not been documented to date, particularly in lower-income
middle country like Nepal. This cross-sectional analysis of
baseline data of 25(OH)D and lipid profile in patients with
early CKD population demonstrates that hypovitaminosis
and dyslipidemia are common and that there is a significant
and reciprocal connection between serum lipids such as
LDL-C, TC and 25(OH)D, while an insignificant but positive
correlation between HDL-c and 25(OH)D, and an insignif-
icant but positive correlation between TG and 25(OH)D. In
particular, our study demonstrated a high prevalence of

submit your manuscript

214

Dove

International Journal of Nephrology and Renovascular Disease 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Sah and Adhikary
350 70
y =-1.419 + 198.2 * VEQ.0RR +AL 08
300 i 60 R?=0.010
L R?=0.056 'S ¢ "
- it = P=0.20
250 * ® . 50 . > 2 r=0.11
] r=-0.25 oS
200 * 3 0* © 40 "_Wﬂ
= Y a
150 —o—* e TC g 30 * * ¢ HDL
& * —— Linear (TC —— Linear (HDL
100 & © (T9) 50 = (HDL)
50 10
0 ‘ ‘ ‘ : 0 ‘
0 10 20 30 40 50 0 10 20 30 40 50
25(0H)D 25(0H)D

Figure 2 Correlation between 25(OH)D and TC level.

250
&
200 y=-1.476x + 125.2
R?=0.083
P=<0.001
150
o r=-0.30
a
=] ¢ LDL
100 -
——Linear (LDL)
50
0 .
0 10 20 30 40 50

25(0H)D

Figure 3 Correlation between 25(OH)D and LDL-c level.

450

o &
400 > o y =-0.697x + 178.1
R?=0.003
350 P=0.39
300 * r=-0.074
250 w‘ *
2 * SE= )
200 ’~ @ Seriesl
150 P, —— Linear (Series1)
0,
100 e * o *®
50 ad *
0 L ‘
0 10 20 30 40 50
25(0H)D

Figure 4 Correlation between 25(OH)D and TG level.

vitamin D deficiency (63.2%), which corresponds well with
the data from earlier studies, where vitamin D deficiency was
frequently seen in patients with early chronic kidney disease,
ranges from 41.7%* up to 86%.>>%¢

Although lipid abnormalities were primarily considered as
complications of end-stage renal disease (ESRD), these
changes can be present in the early stage of chronic kidney
disease as well. In the present study, 49.3% study population

Figure 5 Correlation between 25(OH)D and HDL-c level.

had dyslipidemia, which conforms to the results of an earlier
study in children with chronic kidney disease, where the
prevalence dyslipidemia was reported to be 45%.>” The altera-
tion of lipid profile in CKD patients are multi-factorial, and the
anticipated mechanisms of dyslipidemia in chronic kidney
disease are hypothesized to involve impaired Triglyceride
lipolysis, associated with elevated apolipoprotein C-III (an
inhibitor of lipoprotein lipase) and decreased insulin sensitiv-
ity in the vascular endothelium of skeletal muscle and other
major sites of Triglyceride (fatty acid) energy utilization.”®

In the present study, the mean serum level of 25(OH)D
was significantly lower in dyslipidemic patients, compared
with those in non-dyslipidemic patients (19.734+4.68 vs 22.34
+7.29). Although there is no documented evidence of this
association in early CKD patients, in the general population,
it is suggested that low serum 25(OH)D is linked to meta-
bolic derangement, including abnormal lipoprotein,?*~°
which may also present in early CKD population. Data
regarding the association between 25(OH)D and lipid profile
have been published in different populations across the
nations, and illustrated divergent results in both cross-
sectional and intervention trials.'®*'2

In these early CKD patients, the patients with 25(OH)D
deficiency (<20 ng/mL) were significantly associated with
elevated serum level of LDL cholesterol (P=0.04), and insig-
nificantly associated with the increased serum level of total
cholesterol, and this reiterates the finding of various parts of
the country: Chaudhuri et al*®> demonstrated a significant
increased mean level of total cholesterol in asymptomatic
Indian subjects with deficiency of 25-hydroxyvitamin
D compared to those with normal 25-hydroxyvitamin
D subjects. Similarly, Karhapaa et al in his study showed
that hypovitaminosis D was associated with high total cho-
lesterol in Belgian men.'® Auwerx et al in his study detected
similar findings in Finnish people.'” A meta-analysis of
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randomized controlled trial by Wang Hao et al observed
a slight effect of vitamin D supplementation on LDL, but
no effect on TC, HDL, or TG.** In another meta-analysis,
Jorde R et al* included 10 placebo-controlled double-blind
intervention studies with vitamin D, and in his interventional
studies, divergent results, with some showing positive and
some negative effects of vitamin D supplementation were
noted. Only one study demonstrated a significant effect with
an 8% (0.28 mmol/L) increase in serum LDL-C and a 16%
(0.22 mmol/L) decrease in serum TG in those given vitamin
D as compared to the placebo group. However, it is crucial to
note that none of the interventional studies in this meta-
analysis were specifically designed for evaluating the relation
between vitamin D and lipids, none had hyperlipemia as an
inclusion criterion, and none were sufficiently powered.

In the present study, the trend of association between
25(0OH) and LDL cholesterol was reverse and highly sig-
nificant (B=—1.5; P=<0.001). Importantly, this outcome
remained unchanged (B=-0.19;P=0.025) with further
adjustment for demographic (age, sex) and disease-
specific (HTN, DM, eGFR) and serum albumin. And for
total cholesterol, the trend of association with 25(OH) was
significant and reverse (r=—0.25, P=0.003), and remained
significant (B =—0.16; P=0.045) in multivariate analysis
after adjusting for age, sex, HTN, DM, serum albumin
and eGFR. This trend is also supported by the results of
earlier reports in patients with rheumatoid arthritis.?

In the present early CKD patients, elevated serum 25
(OH)D (>20ng/mL) was insignificantly associated with
reduced mean serum level of TG (P>0.05). However, we
noted an insignificant but reciprocal association (P=0.39, r=
—0.079) between 25(OH)D and TG level. This finding is
supported by Jorde R et al’® where in his review of 22 cross-
sectional studies, serum level of 25(OH)D was appeared to
have an inverse association between serum level of 25(OH)
and triglyceride in all studies. However, in the review of 10
placebo-controlled interventional studies, there was no uni-
form agreement on the effects of 25(OH)D on serum levels of
TG, with some showed positive and some negative effect of
25(OH)D supplementation.’® With respect to the connection
between 25(OH)D and HDL-c, we noted a positive correla-
tion, though the tendency towards the significance was null.
Thus, the inverse trends of 25(OH)D with TG and positive
trend with HDL-c indicate a protective role of Vitamin D on
cardiovascular health, as an increment of serum level of 25
(OH)D linked to decrease in TG level and increased HDL-c.

However, this trend should be justified in an interventional
study in a large-scale reprehensive population.

Limitations

We acknowledge that the present study has been accom-
plished with some limitations. The sample size the study is
relatively small which may affect the association secondly,
the present study includes its cross-sectional nature, and
therefore, the study only allows evaluating the association
at a given point but could not draw any inference about the
causal relationship over the time. Some inherent factors
such as protein loss through urine, individuals with habits
of physical exercise outside routinely, food pattern that
would elevate 25(OH)D levels and may have other healthy
habits which could favorably affect lipid profiles.
Proteinuria, which may be responsible for hyperlipidemia
and hypovitaminosis in our study population, was not
taken into consideration for analysis. Therefore, an inter-
ventional study addressing all the aforementioned para-
meters in a large population should explore the causal
relationship between 25(OH)D and lipid profile.

Conclusion

Our study unveiled a high prevalence of dyslipidemia and
hypovitaminosis in early CKD patients, not on dialysis.
Low serum levels of 25(OH)D were significantly corre-
lated with a higher prevalence of dyslipidemia. We noted
a significant inverse correlation between serum 25(OH)D
and LDL, and TC, an insignificant inverse correlation with
TG, a positive correlation with HDL-c. These findings
indicate some evidence for 25(OH)D level as a marker
of dyslipidemia prediction, and that decrease in serum
level of 25(OH)D is associated with increased serum
level of LDL and TC, it could increase the risk of cardi-
ovascular disease. Thus, early recognition and timely man-
agement of hypovitaminosis and dyslipidemia is crucial to
prevent the inevitable cardiovascular event. However,
further interventional studies in large populations in these
early CKD populations are needed to examine whether the
correction of 25(OH)D could improve lipid profile.
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