= v Ao a a a 1 o dd‘ 1= 0 a
ﬂ’]ﬁ‘LLE‘EI‘LILWEU?Z@U%?NQ@’]NH@I‘HﬂQN@jﬂQEILﬂ’&LL@@@VﬂNNﬂW?ﬂ’]L?Uﬂ@\‘IIﬁ‘ﬂ

R PP o a P o R A
ﬂ@qllﬂ;llﬂ'ﬂﬂL"PJ'ZQLL@@@V]Nﬂ']?ﬂ']L?Uﬂ@ﬂi?ﬂiﬂﬂiﬂﬂﬂqq?Jim@ﬂL'ZQ‘U LL@Zﬂ@NHﬂQHL@@LL@@@VIN

AnnnBuaaelsadauiunIng lndniay

UNANFAIINL QLENA

Inendmustiiudouniiaesnisine ANNUANGATLTEYYNINENAIARTNULTUTA
41213 INTRR UG TN N
ANLTUNNEANART AR AINTDINUANENAE
Tin9finen 2554

AUANDTIBIANIAINTUNMNINNAE

unfadeuazuiudoyaniuduvesinninusdwailndnm 2554 #ldusasluadafygigma (CUIR)
dundudeyavesiidadvesineninusidaiunaiausaineds
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)
are the thesis authors' files submitted through the Graduate School.



Comparison of Mean Serum Vitamin D Level among Inactive SLE, Active SLE

without Lupus Nephritis and Active SLE with Lupus Nephritis.

Ms. Kittiwan Sumethkul

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Health Development
Faculty of Medicine
Chulalongkorn University
Academic Year 2011

Copyright of Chulalongkorn University



Thesis Title Comparison of Mean Serum Vitamin D Level among Inactive
SLE, Active SLE without Lupus Nephritis and Active SLE with

Lupus Nephritis.

By Ms.Kittiwan Sumethkul
Field of Study Health Development
Thesis Advisor Assistant Professor Smonporn Boonyaratavej, M.D. Ph.D.

Accepted by the Faculty of Medicine, Chulalongkorn University in Partial Fulfillment of

the Requirements of the Master’'s Degree

................................................................... Dean of the Faculty of Medicine

(Associate Professor Sophon Napathorn, M.D.)

THESIS COMMITTEE

................................................................... Chairman

................................................................... Examiner

................................................................... External Examiner

(Atiporn Ingsathit, M.D. PhD.)



Ammnmnsgeena: MaBeLFesi AR Amaurlungsdteaead i kifime s medsn nau
filoiesuena i manBLedbele i melpsnay  uasngadtloienuesaisimatiBy
aedlAF LN MRS AL (Comparison of Mean Serum Vitamin D Level among Inactive SLE,
Active SLE without Lupus Nephritis and Active SLE with Lupus Nephrits) . T BreRventivg

WAN: WA WEY. ARG el 3h T, 47 vidn

oLz ans: 3oL zasiaT e BT R AR e s 25 hydroxyvitamin D [25(0H)D]
fitloeiea uea @ 7 b "B uredhn filonie uen Tme B Lredbaus i nis
qilauncdiiloeien uead flmesBLebatarUR s enieug la

% manen: e mnl finssiwisemndgioea wea 8 A mow 108 11 Tegaeay

1
oAl I o

gruanuaalusnunanaBeniten un naaii 1 drlotiea uea d AN AMTNE LTedR [SLE
dlisease actiity index2K (SLEDA)] aeindn 3 nejuit 2 1t ftlen 751 SLEDA >3 uazliid nmaz
TorllrsnisgTa uangid 3 T filon 78 SLEDAI >3 danfuilnmebelsniaugiTa ms
PR PN 25(0H)D 18541 P5aade High Performance Liouid Chromatography technique

pamarntn: aeeRe uazA D nmg e sty 352(11.1) 1
stRR eI AlsAITL 7963) 7 filae 47 9701 (435%) Hnmenwdasdmiug
(250HD<30ng/ml) WAy 32 9781 (29.6%) Al prnzaneAmiiua (250HD<20ng/ml) AN PRI

25(0H)D Tsing il AL 283(7.1), 26.7(95) uaz19.9(7.6) ngiml snsasil 1l el nmaz s

1
A 1 ¢

dniaw HszAv 250H)D Andgtaehinguarieen iU Anyynatif (p=0001) seALmsy

I
o o a

250HD Heudinig Sadussi i Ne Ay (=032, p=0.001)uay HANANALS I

BNELAL SLEDAI=0.30, p=0002uas UPCI=039, p=0.001) usiilentmsfiuFeuieniiy

IS4

tadturpLiNR i enAn UPCT i miid Ao sd it st nnd Wi i@ iu 250H)D

PR AN unstandardized coefiicient -1.05(0.38) (p=0.007)

[
= 4

agil fvloeiea wea ® NmMZlednaugiTa HsvAtAeniuanaindgilaees uea @ 71l ms

a a

nvedlin uas ilaeies uea @ NRNeNGELesaw lilnneladnaugla UPCI

ANNA NN B L UFL ILENE WA L3211 250HD

'
A as

ANV NIIWINUIQTNIN AVERBTOTRG. ..o

n19AN11 2555 ANLRDTA B NUTAHIINUVTIWUEART ..o



## 537 49020 30: MAJOR HEALTH DEVELOPMENT
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KITTWAN SUMETHKUL: COMPARISON OF MEAN SERUM VITAMIN D LEVEL AMONG
INACTIVE SLE, ACTIVE SLE WITHOUT LUPUS NEPHRITIS AND ACTIVE SLE WITH LUPUS
NEPHRITIS. THESIS ADVISOR: ASST.PROF SMONPORN BOONYARATAVEJ, M.D.PhD 47 pp.

Objectives: The primary objective of this study is to compare mean serum 250HD in SLE patients with inactive
disease, SLE patients with active disease but no LN and SLE patients with active disease and LN. The

secondary objective is to determine clinical predictors of vitamin D deficiency in SLE patients.

Methods: This prospective study included 108 SLE patients. Patients were classified as Group(Gr) 1,2 and 3 if
the patients had SLE disease activity index2K(SLEDAI) <3, >3 butno LN and = 3 with LN. Serum 250HD was
measured by HPLC method.

Results: Mean(SD) age and disease duration of patients was 35.2(11.1) and 7.9(8.3) years respectively. Mean
SLEDAI in Gr1, Gr2, Gr3 was 0.7(0.9), 56(2.3) and 92(5.2) respectively. 47/108(43.5%) had vitamin D
insufficiency(250HD<30ng/ml) and 32/108(29.6%) had vitamin D deficiency(250HD<20ng/ml).  Mean
250HD in each groups were 28.3(7.1), 26.7(9.5) and 19.9(7.6) ng/ml respectively. Patients with LN had
significantly lower 250HD than other groups (p=0.001). Serum 250HD was significantly comelated with serum
aloumin(=0.32, p=0.001), inversely comelated with SLEDAI(=-0.30, p=0.002) and inversely comelated with
UPCI(r=0.39, p=0.001). Only UPCl was significantly inversely comelated with serum 250HD with
unstandardized coefficient -1.05(0.38) (p=0.007).

Conclusion: SLE patients with LN have significantly lower vitamin D level than inactive SLE and active SLE
withoutLN. Only UPCI is inversely correlated with 250HD level.
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CHAPTER |

RATIONLE AND BACKGROUND

The current concept of vitaminD has been changed from only a steroid hormone
that has effect on calcium and bone homeostasis to more vary effects on many system
such as cardiovascular system, kidney function and immunologic system. The major
source of vitamin D is sunlight exposure via the conversion of 7-dehydrocholesterol to
previtamin D3 and is converted to vitamin D3 in the skin. Most of natural food contains
very small amount of vitamin D. Vitamin D3 from skin and food is hydroxylation to 25-OH-
vitaminD(250HD) in the liver which is the major circulating form of vitamin D and is used
to determine vitamin D status due to its long halflife and its level is not depending on
level of parathyroid hormone. Subsequently 250HD is bound to vitamin D binding
protein (VDBP) and then transport to kidney and is metabolized to 1,25-
dihydroxyvitaminD (1,25-OHD) which is the active form of vitamin D. The efficacy of
renal calcium absorption and intestinal calcium and phosphorus absorption is increased
via the action of 1,25-OHD. Many factors have affected to vitamin D deficiency such as
aging, obesity, sun protection, some medications (anticonvulsant, steroid etc), liver

disease, chronic kidney disease, nephrotic syndrome and latitude (1).

Systemic lupus erythematosus (SLE) is an important autoimmune disease.
Natural history of SLE is interchange between remission and relapse. Many precipitating
factors are mention such as infection, pregnancy, poor drug compliance and including
ultraviolet light exposure (2). Even though the mortality has been greatly reduced in the
last 10 years due to early diagnosis and new treatment strategies. But the morbidity is
still an importance issue due to consequence of chronic inflammation and treatments,
for example coronary artery disease, malignancy and osteoporosis (3). The burden of
osteoporosis from the previous study is 4-23% (4-5). An increased risk of osteoporosis in
SLE patients may be due to low body mass index (BMI), postmenopausal status and

vitamin D deficiency (4). Multiple previous studies have demonstrated low vitamin D



level in patients with SLE than age-match control (6-7). In previous meta-analysis,
vitamin D plus calcium was superior to no therapy or calcium alone in the management
of glucocorticoids -induced osteoporosis (8). Vitamin D at the generally recommended
amount of 400 to 800 IU can aid in absorption of dietary calcium and may assist in
maintaining BMD and reduce risk of fractures and therefore should be taken with
calcium supplementation (9). Moreover, recently European League Against Rheumatism
(EULAR) had launched the recommendations for monitoring patients with SLE in clinical
practice and observational studies. Osteoporosis screening and assessment for
adequate calcium and vitamin D intake is recommended in postmenopausal SLE
patients and SLE patients who have currently used steroid or other medications that may
reduce BMD (10). In addition increasing knowledge about the effect of vitamin D beyond
bone health in SLE patients such as immunological effect and cardiovascular effect are

remarkable and have to be further investigated (11).



CHAPTER I

REVIEW OF LITERATURES

The high prevalence of vitamin D sufficiency in SLE patients came from
temperate area. From the previous study of Toloza S et al and Wu PW et al had shown
prevalence of vitamin D insufficiency in SLE patients as high as 66.7-62.2% respectively
(6, 12). Even though Thailand is situated near equator area with adequate sunlight
almost all year long but the prevalence of vitamin D deficiency from a previous study in
selected population is as high as 32%-44.3% (13-14). This finding indicated that vitamin
D deficiency is the worldwide problem. But until now there is no study about the
prevalence of vitamin D deficiency in Thai SLE patients. The causes of vitamin D
deficiency in SLE patients are not clearly known, some risk factors of vitamin D
deficiency in SLE patients cannot be modified such as sun avoidance but not sunscreen
use (15-16). Other factors that may associate with low vitamin D level in SLE patients
including high body mass index (17), ethnic with dark skin color and high SLE disease
activity (18). The association between active SLE and low vitamin D level has been
demonstrated by the study of Borba VZC et al which was a cross-sectional study of 36
SLE patients comparing mean vitamin D level between three different groups according
to SLE disease activity index (SLEDAI2K) namely SLEDAI2K<3, SLEDAI2K>12, and
normal control and aimed to Investigate effect of disease activity on bone metabolism in
patients with SLE . Results showed 250HD levels was lower in active disease group
(P<0.05) and 250HD levels was negatively related to the SLEDAI2K (r= -0.65, P<0.001)
(18). But another study of Toloza SMA et al which was a cross-sectional study including
124 SLE patients aimed to determine vitamin D status and its relationship with disease
and therapy features and with BMD in women with SLE showed no correlation between
vitamin D level and disease activity (6). The inconsistence data from these two studied
may be due to confounding bias that was hiding in SLEDAI and was not included in the

analysis that is renal involvement. The association between renal disease and vitamin D



deficiency was demonstrated by the previous studies of de Boer IH et al which was a
cross-sectional study from 15,068 adults participating in the Third National Health and
Nutrition Examination Survey aimed to determine the association between 25-OHD levels
and albuminuria. Results showed a stepwise increase in the prevalence of albuminuria
with decreasing quartiles of vitamin D concentration: 8.9%, 11.5%, 13.7%, and 15.8% (P
< 0.001). In multivariate analysis result showed increase relative risk for albuminuria by
decreasing quartile of vitamin D concentration were 1.14 (95% 0.95 to 1.37), 1.22 (95%
1.03 to 1.45), and 1.37 (95% 1.10 to 1.71; P = 0.006) (19). Another study of LaClair RE
et al which was a cross-sectional analysis from 12 geographically diverse locations
across the US with 201 subjects aimed to find the prevalence of calcidiol deficiency in
chronic kidney disease patients. Results showed low mean calcidiol level that was 19.4
+ 13.6 ng/mL range (0 to 65 ng/mL) and as high as 71% to 83% of subjects with

moderate and severe CKD had calcidiol insufficiency (20).

Due to the inconsistent data about the association between SLE disease activity
and vitamin D deficiency. Additionally the previous studies had demonstrated the
association between renal diseases other than lupus nephritis (LN) and vitamin D
deficiency. Moreover until now there is no existing data about the association between
vitamin D level and LN. The importance of vitamin D in SLE patients has been
documented by European League Against Rheumatism recommendations for monitoring
calcium and vitamin D level in patients with systemic lupus erythematosus in clinical
practice and in observational studies (10). In addition the main source of vitamin D is
exposure to sunlight, such exposure is limited in SLE patients due to ultraviolet light is
the direct cause of disease flare (2). So the main source of vitamin D for SLE patients is
from dietary supplement. Even though the price of vitamin D3 supplementation is cheap
but Thailand Food and Drug Administration (FDA) has not included vitamin D in the
essential drugs (ED) lists. If we can identify that SLE patients with high disease activity
and presence of LN are at high risk of vitamin D deficiency. In our practice we may have
to more consider on screening and supplementation vitamin D to these specific group of

patient.



CHAPTER Il

RESEARCH METHODOLOGY

3.1 Research questions

Primary research question:

- Is there any difference in serum 250HD level among inactive SLE, active

SLE without LN and active SLE with LN?

Secondary research question:

- What is the correlation between serum 250HD level and estimated glomerular

filtration rate (eGFR) in SLE patients with LN?

- What is the correlation between serum 250HD level and urine protein

creatinine index (UPCI) in SLE patients with LN?

3.2 Research Obijectives

1. To determine the mean difference of serum 250HD level among inactive
SLE, active SLE without LN and active SLE with LN.

2. To evaluate the correlation between serum 250HD level and eGFR in SLE
patients with LN

3. To evaluate the correlation between serum 250HD level and UPCI in SLE

patients with LN

3.3 Research Hypothesis

Patients with active SLE concomitant with LN have lower serum 250HD

level than patients with inactive SLE and active SLE without LN.



Null hypothesis:

There is no difference of mean serum 250HD level among patients with active

SLE with LN, patients with inactive SLE and patients with active SLE without LN.
Alternative hypothesis:

There are significant difference of mean serum 250HD among patients with
active SLE with LN, patients with inactive SLE and patients with active SLE
without LN.

HO:u1=p2=p3

Ha:p1;ﬁp20rp1¢p30rp2¢p3
M 1 = mean serum 250HD level in SLE patients with SLEDAIZ2K < 3 without LN
U 2 = mean serum 250HD level in SLE patients with SLEDAI2K = 3 without LN

u 3 = mean serum 250HD level in SLE patients with SLEDAI2K 23 with LN

Domain

Patients with systemic lupus erythematosus



3.4 Conceptual Framework
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Figure 3.1 Conceptual framework demonstrates factors influencing
vitamin D status
Abbreviation: SLE; systemic lupus erythematosus, SLEDAIZ2K; SLE

disease activity index, eGFR; estimated glomerular filtration rate



3.5 Operational Definition

25-hydroxyvitamin D (250HD): 25-hydroxyvitamin D is the most circulating form
of vitamin D which reflect total intake of vitamin D from dietary and cutaneous
sources. Circulating 25-hydroxyvitamin D is suitable for reflex vitamin D body
storage because of its long half-life (3 weeks) and is not disturbed by

parathyroid hormone level (21).

SLEDAI2K: (The Systemic Lupus Erythematosus Disease Activity Index 2000):
SLEDAI2K was developed and validated as a clinical index for the measurement
of disease activity in SLE and has been used as a global measure of disease
activity in SLE since its introduction in 1985 (22). SLEDAI2K is comparable to the
original SLEDAI as a predictor of mortality. SLEDAI2K describes disease activity
at various activity levels in a comparable manner to the original SLEDAL
SLEDAI2K is equivalent to SLEDAI in describing changes in disease activity from
one visit to the next. It is suitable for use in clinical trials and studies of
prognosis in SLE (23). ltems and detail of SLEDAI2K is shown in Appendix1.
Lupus nephritis: ~ Glomerulonephritis  associated with  systemic  lupus
erythematosus which has a criteria for diagnosis including proteinuria > 0.5g/24
hours or urine protein dipstick 3+ and/or any cellular casts (24).

Estimated GFR: by calculated creatinine clearance (ml/min/1 .73m2) via

modification of diet in renal disease study equation (MDRD) (25).

CrCl (ml/min/1.73m2) =175 x SCr (exp[-1.154]) x Age (exp[-0.203]) x (0.742
if female) x (1.21 if black)

BMI: (Body mass index) will be calculated by Weight(Kg)
Heightz(m)



3.6

UPCI (urine protein creatinine index) These ratios on a random urine specimen
correlate fairly closely with daily protein excretion in g/1.73 m2 of body surface
area (26) and was calculated with the following formula

Spot urine protein (mg/dl)

Spot urine creatinine (mg/dl)

Reseaech Design
Analytic, cross-sectional study

The reason for doing an analytic, cross-sectional study because there was no
previous study about the association between low 250HD level and LN in SLE
patients. We want to find out that this association is really existed before

continuing further study.

All SLE in Rheumatology Clinic

Inclusion criteria

Exclusion criteria

Eligible patients
SLEDAI2K<3 SLEDAI2K=3
ith LN Without L
Outcome Wit ithout LN
250HD 250HD 250HD

GFR

Albuminuria

Figure 3.2 Diagram show research design algorithm
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3.7 Population and Sample

3.7.1 Population

Target population:

Thai SLE patients with age > 18 year-old who are currently followed up at

outpatient department(OPD), Rheumatology Unit, Rajavithi Hospital.

Sample population:

SLE patients with fulfill 1997 revised ACR criteria for diagnosis SLE (24) with age >
18 year-old who are currently followed up at outpatient department(OPD),

Rheumatology Unit Rajavithi Hospital and fulfill the following criteria.

3.7.2 Sample selection

Eligible criteria:

Inclusion criteria:

- Thai SLE patients who are currently followed up at OPD, Rheumatology
Unit

- Eligible for blood testing

- Willingness to participate in the study, and be able to read and provide

informed consent.

Exclusion criteria:

Taking repletion doses of vitamin D

- Evidence of chronic liver disease

- History or evidence of metabolic bone diseases
- Evidence of granulomatous disease

- Evidence of malabsorption syndrome
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- History or currently use of drugs which may affect vitamin D level except
prednisolone

- Immobilization during the last 6 months

Patients who come to attend will be selected according to the inclusion and exclusion
criteria. Patients who are willing to join the study have to sign informed consent form and
will be classified into 3 groups according to disease activity namely low disease activity
SLEDAI2K <3 without LN, moderate to high disease activity SLEDAI2K=3 without LN
and moderate to high disease activity SLEDAI2K = 3 with LN. Blood test for 250HD
level will be done on the same day of OPD visiting. The technician who run test for

250HD will be kept blind from the patients’ history and clinical data.

373 Sample size determination

According to the study of Borba VZC et al mean vitamin D level of patients with
inactive SLE (SLEDAI2K<3) and active SLE (SLEDAI2K=>3) were 44.4(14.5) ng/ml and
17.4(12.8) ng/ml respectively (18). The mean difference was -27.2 ng/ml. Our hypothesis
LN has an effect on the lower vitamin D level in patients with active SLE than patients
with inactive SLE. Due to there was no previous data of mean difference of vitamin D
level between SLE with LN and SLE without LN. From the previous study about the
adequacy of vitamin D, the minimum difference that had clinical meaningful in
classification of vitamin D adequacy, insufficiency and deficiency is 10 ng/ml (27). So
expected mean vitamin D level among each group (SLEDAI2K<3, SLEDAI2K=3 without
LN and SLEDAI2K=>3 with LN) that | expect to be are 35, 30 and 20 respectively.

The Sample size is calculated by using PASS2008 softwere. Given that o error = 0.01
(two-tailed), Z, = 1.96 3 error = 0.25 (power 85%), Zs = 0.84 6= 16.0

Numeric Results
Std Dev Standard
Average Total of Means Deviation
Power n k N Alpha Beta (Sm) (S)
0.85833 3600 3 108 0.01000 0.14167 6.24 16.00



3.8
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Sample selection

Patients who fulfill the inclusion and exclusion criteria will be invited to participate

the study. Patients who give the consent will be included in the study.

Intervention

20 CC of venous blood will be collected from all participants for analysis of
serum 250HD, serum albumin, calcium, creatinine, liver function test,
coagulogram and stored serum.

Serum 250HD level will be analyzed by Serum 250HD level was
measured by High Performance Liquid Chromatography technique (HPLC)
which used by majority of International vitamin D external quality
assessment scheme (DEQAS) participants (28-29) available from National
Healthcare System Co., Ltd. Serum samples, calibrator and control
materials were precipitated and extracted follow by the instruction manual
of ClinRep® HPLC complete kit for serum 250HD (RECIPE, Germany).
250HD in extracted samples were analyzed by using high performance
liquid chromatography (HPLC) equipped with UV detector (HPLC 1260,
Agilent Technologies, USA). Both target compounds and internal standard
were separated examined on the specific analytical column. For the quality
control of testing, serum control materials in two different concentrations

were used to control the accuracy of the analytical measurements. The
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technician who run test for 250HD was kept blind from the patients’ history

and clinical data.

3.9 Outcome Measurements

Primary outcome measure

- serum 250HD level
Secondary outcome measure

- Correlation between 250HD level and eGFR

- Correlation between 250HD level and UPCI

3.10 Data Collection
® Demographic data: age, sex, BMI, cumulative dose and current dose of
prednisolone, sun exposure score

° SLEDAI2K

® Blood testing and urinary examination:
- Serum 250HD
- Liver function test (SGOT, SGPT, Alb, bilirubin, ALP), coagulogram
- Creatinine
- Calcium, phosphorus
- Urinalysis
- Spot urine protein, spot urine creatinine

3.11 Data Analysis
Mean difference of vitamin D level among three groups was determined by using
ANOVA with posthoc test or Kruskal Wallis test as appropriated for comparing all
pair of mean. Continuous variable were expressed by mean and standard

deviation (SD). Proportion of SLE patients in each group classified by vitamin D
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status was shown in percent. The correlation between 250HD level and
predicted variable was examined by Pearson’s correlation coefficient (r) and
regression analysis or Spearman Correlation as appropriated. Potential
confounder was adjusted by multiple linear regression. Univariable logistic
regression was used to determine potential predictors of vitamin D deficiency.
Those variables that were significant at p value < 0.20 on univariable were
included in the multivariate logistic regression analysis to identify final predictor

of Vitamin D deficiency.

3.12 Ethical Consideration

3.13

The protocol must be reviewed and approved by the ethical committee
of Rajavithi Hospital review board. All eligible subjects will be received detail of
the study by the informed consent and from research assistants. (If patients are
incapable in reading) The informed consent will explain the protocol thoroughly
about the following items:

- Detail protocol, objectives and methods of study.

- Patients have the right to refuse to participate or withdraw from this study at
any time without affecting their proper medical care.

- A signed informed consent will be obtained from the subjects without
enforcement.

- Unlikely harmful to participant due to blood test for 250HD is done in the
same setting as routine blood test.

- There is no reimbursement or compensation for the patients in the study.

- There is no conflict of interest

Limitation

This study is conducted in analytic cross-sectional design. Weakness of
this study are the outcome will be prevalence. In additional we cannot prove the
temporality between renal involvement and low 250HD level. Besides specificity

of causes of low 250HD level has also been effected by more than one causal
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relationship. But we try to control the confounding factors that may have affect to
low vitamin D level other than renal involvement by using exclusion criteria and

multivariate analysis.

3.14  Expected benefit from this study

Even though Thailand is situated at equator zone but some of previous
studies have already proven that the prevalence of vitamin D deficiency in
selected Thai population is higher than expectation. SLE is a population group
that prone to be vitamin D deficiency due to sun avoidance. But prevalence of
vitamin D deficiency in Thai SLE patients has not been established and causes
of low vitamin D level in SLE patients have not been thoroughly identified. The
finding about the association between 250HD level and LN has never been
study before. In our routine practice vitamin D supplementation for prevention
of osteoporosis in SLE patients who currently use corticosteroid is not
approved for payment from Thai FDA even though it is recommended by
international standard guideline. If we have found that SLE patients with high
disease activity and presence of LN are at high risk of vitamin D deficiency,

we have to more consider in supplement vitamin D in these specific group.



CHAPTER IV
RESULTS OF THE STUDY

One-hundred and eight patients were included in the analysis, 5 males
and 103 females. Mean age +SD and disease duration was 35.2 £11.09 and 7.74 +8.07
years respectively. Demographic data of patients in each group were shown in Table 4.1
Mean serum 250HD level in Gr1, Gr2 and Gr3 were 28.25+£8.00, 26.74+9.54 and
19.96+7.6 respectively (Figure 4.1). Mean serum 250HD in each group was compared
by using ANOVA with posthoc test. The result showed that the mean difference of 25
OHD levels between Gr 1 and Gr 3 was 8.29 +2.00; 95%CI (3.53, 13.05): p<0.001. The
mean difference of 250HD between Gr 2 and Gr 3 was 6.79+1.99; 95%CI (2.06, 11.51):
p = 0.003.



Table 4.1 Clinical characteristics of the patients in each group
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Mean+SD
Demographic data Total SLEDAI2K<3  SLEDARK>3  SLEDAK>3  Pvalue*
(n=108) (n=306) withoutactve LN With active LN
(n=36) (n=36)

Sex (MF) 5103 1/35 0136 432
Age (years old) 3624111 3824126 367499 31.69+9.8 004
BMI 228449 222439 222441 23.846.1 038
Disease duration(years) 7.7+81 90497 74479 69+7.2 061
Prednisolone dose
Current dose(mg/day) 11.7£5116 48452 12.71£105 180+14.1 <0.0001
Cumulative dose(g) 1404146 11.1+120 130+124 190+186 021
SLEDAIZK 55+49 0.7+09 56423 92452 <0.001
Creatinine (mg/dl) 0.7403 0.7402 0.7401 081+0.39 0.037
Aloumin (mg/d) 40406 42409 41404 35+06 <0.001
Calcium (mg/d) 88+14 82429 91+06 89+06 0.36
Phosphorus (mg/d) 37409 33+1.3 37106 39+0.7 0.097
Cholesterol (mg/dl) 20744578  182.3+466 190.6444.2 2052+61.3 <0.001
eGFR (mlimin) 1023t294  9B3+257 1096£259 101.0£34.6 017
UPCI 12423 01401 02402 29431 <0.001
Sun Exposure Score
(min=0, max=16) 5737 57+40 6.00£3.39 5737 082

* P value using ANOVA



18

60.00—

P<0.001*
50.00—

26.7(9.5)

19.9(7.6)
40.00— 28.3(8.0)

30.00— |

20.00—

10.00— l

P=0.73 P=0.003*

25(0OH)D ng/ml

0.00—

Group 1 Group 2 Group 3

Figure 4.1 Box plot and mean (SD) of serum 25 (OH) D levels in patients
with inactive SLE (Group1), active SLE without LN (Group2),
active SLE with LN (Group3). Mean difference among each

group was compared by ANOVA with Tukey for posthoc test.

Only 29 of 108 patients (26.85%) had vitamin D adequacy. Twenty of 36
(69.44%) SLE patients with lupus nephritis had vitamin D deficiency. Table 4.2 showed

significant difference of vitamin D status among three study groups (p<0.001).
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Table 4.2 Vitamin D status in SLE patients classified by SLE Disease Activity Index

(SLEDAI2K) and the presence of Lupus nephritis

Number (%)

SLEDAI2K<3  SLEDAI2K=>3 SLEDAI2K=>3 P Value

without LN with LN
(n=36) (n=36) (n=36)
250HD (ng/ml)
> 30 14(38.9%) 12(33.3%) 3(8.3%) 0.008*
20-30 18(50.0%) 16(44.4%) 13(36.1%) 0.49
<20 4(11.1%) 8(22.2%) 20(55.6%) <0.001*

*Chi-Square test

Pearson’'s correlation showed that serum 250HD level was significantly

correlated with serum albumin (r=0.32, p = 0.001), inversely correlated with SLEDAI2K

(r=-0.30, p= 0.002) and inversely correlated with UPCI (r=-0.39, p = 0.001)(Figure2A, B, C).
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Figure 4.2 Plot of simple linear regression

A Serum 250HD level was significantly correlated with serum aloumin (r=0.32,0=0.001)
B. Serum 250HD level was significantly inversely comelated with SLEDAIZK (= -0.30,0=0.002)
C. Serum 250HD level was significantly inversely comelated with UPCI (= -0.39,0=0.001)

The adjusted SLEDAI2K score was calculated by deduction of scores
attributed from nephritis, specifically: urinary cast, proteinuria, hematuria and pyuria
from original SLEDAI2K. Subsequently, we found no correlation between 250HD and
adjusted SLEDAI2K score (r=0.139, p=0.155). 250HD was poorly correlated with sun
exposure score (r=0.005, p value 0.96), BMI (r=0.027, p =0.81) and eGFR (r=-0.04,
p=0.70).



Table 4.4 Simple Linear Regression of studied variables

Demographic data r P value
Age (years old) 0.202 0.037
BMI 0.027 0.811
Disease duration(years) 0.034 0.749
Prednisolone dose
Current dose(mg/day) -0.05 0.610
Cumulative dose(g) 0.15 0.294
SLEDAI -0.30 0.002
Creatinine (mg/dl) -0.090 0.359
Albumin (mg/dl) 0.318 0.001
Calcium (mg/dl) 0.053 0.624
Phosphorus (mg/dl) 0.006 0.953
eGFR (ml/min) -0.039 0.695
UPCI -0.391 0.001
Sun Exposure Score 0.005 0.957
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Variables with p value<0.2 from univariable analysis and variables those were

reported the association with low vitamin D from previous studies including current

prednisolone dosage, serum albumin, SLEDAI2K, eGFR and UPCI were determined by

using multiple linear regression for adjusting the confounder. The result showed that

only UPCI was significantly inversely correlated with serum 250HD level with an

unstandardized coefficients of -1.05+0.38 (p = 0.007).



CHAPTER V

Discussion

Studies regarding vitamin D status in SLE patients showed that the prevalence of
vitamin D insufficiency ranged between 62.2-67.7 % (6, 12). The result from our study
had demonstrated that the prevalence of vitamin D insufficiency from our population is
also high (73.1%). This finding indicated that vitamin D deficiency is the global problem.
The causes of vitamin D deficiency in SLE patients are not clearly known. Some
contributing factors of vitamin D deficiency in SLE patients included sun avoidance (15),
obesity (30) ,ethnic with dark skin color (18), use of glucocorticoids, antimalarials and
the presence of anti-vitamin D antibodies (31-32). The inversely association between
SLE disease activity index (SLEDAI2K) and low 250HD level is another interested topic.
Borba et al conducted a cross-sectional study of 36 SLE patients comparing mean
vitamin D level between three different groups according to SLEDAI2K categorized by
SLEDAIZ2K<3, SLEDAI2K>12, and normal control which aimed to determine effect of
disease activity on bone metabolism in patients with SLE. The results showed that
250HD levels were significantly lower in patients with active disease group (SLEDAI2K
> 12). 250HD level was also shown to be inversely related with SLEDAI2K (r= -0.65,
P<0.001) (18). A recent study of Mok et al, found that 250HD level was inversely
correlated with clinical SLE activity (r=-0.26, p<0.001) and anti dsDNA level (r=-0.13,
p=0.02) (33). However, another study reported from Toloza et al showed no correlation
between vitamin D level and disease activity (6). In addition, from a recent study of
Bogaczewicz J et al. which aim to identify relationships between serum vitamin D and
vitamin D auto antibodies in 49 SLE patients found that SLE patients with renal disease
had lower 250HD level than SLE patients who had no renal disease (34). Since nephritis
is one of the major organ involvement of SLE. The presence of nephritis can lead to high
SLEDAI2K either by the presence of proteinuria, several type of casts or cellular

sediment. We hypothesize that disparities of the correlation between 250HD and
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SLEDAI2K among prior investigations may be attributed from the presence of lupus
nephritis. We found that SLE patients with lupus nephritis had significantly lower mean
serum 250HD level than inactive SLE and active SLE without lupus nephritis which had
confirmed our hypothesis. Interestingly, we have found no significant difference of mean
serum 250HD between inactive SLE and active SLE without lupus nephritis. Hence, the
impact of lupus nephritis on low 250HD levels has been shown from our study.

Our study found that serum 250HD level is inversely correlated with SLEDAI2K.
This supports the findings from Borba et al. and Mok et al. We have then examined the
relative impact of systemic disease activities versus nephritis on the occurrence of
vitamin D deficiency. This was done by calculating adjusted SLEDAI2K score. We found
no correlation between adjusted SLEDAI2K score and serum 250HD.

Our additional findings that 250HD was inversely correlated with UPCI need to
be addressed. Robinson et al had evaluated the relationships between vitamin D,
proteinuria, and disease activity in 37 pediatric systemic lupus erythematosus patients.
They found the correlation between serum 250HD level and serum albumin and
inversely correlated with UPCI (r=-0.60, p<0.001). In addition, they had found an inverse
correlation between serum 250HD level and urinary vitamin D binding protein (VDBP)
(r=-0.63, p<0.001) (35). This lead to a possibility that low serum vitamin D level might
be related with loss of urinary VDBP. Our result, however showed that low serum
250HD was found in 86 % of lupus nephritis patients with low grade proteinuria (Urine
protein < 500 mg per day). This indicated that losing of VDBP via proteinuria per se is
not the only cause of low 250HD in SLE with lupus nephritis. In the other hand low
serum 250HD level may be a marker of active disease and a cause of proteinuria. A
recent study had demonstrated that vitamin D supplement could lead to reduction of
proteinuria via suppression of renin angiotensin aldosterone system (36). In addition,
reduction of proteinuria had been demonstrated by vitamin D supplementation from
previous randomized controlled trial in model of diabetic nephropathy (37) and IgA
nephropathy (38). Further studies are required to identify the causal relationship

between low serum 250HD level and proteinuria in SLE patients with lupus nephritis.
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Subgroup analysis was done in SLE patients with lupus nephritis (group 3) to
determine the vitamin D status among patients with different amount of proteinuria. Table
4.4 showed the percentage of patients who had vitamin D deficiency, vitamin D
insufficiency, and vitamin D adequacy among patients with several level of proteinuria.
Vitamin D deficiency and vitamin D insufficiency was common in LN patients with all
level of proteinuria. Overall, vitamin D deficiency and insufficiency was found in 93 % of
LN patients with proteinuria = 500 mg per day and 86 % of LN patients with proteinuria
< 500 mg per day respectively. The high prevalence of vitamin D insufficiency and
deficiency in SLE patients with proteinuria lower than 500 mg per day suggested that
low vitamin D level may be associated with the presence of nephrits through
immunological pathway and not proteinuria per se. Various immune cell including
monocyte, macrophages, dendritic cells, B-lymphocyte and T-lymphocyte had been
reported to express vitamin D receptors (39). The direct impact of active SLE diseases

on the changes of 25 (OH) D metabolisms still remains to be further investigated.

Table 4.4 Proportion of SLE patients with lupus nephritis classified by severity of

proteinuria and vitamin D status

UPCI 250HD <20 | 250HD 20-30 | 250HD > 30
ng/ml ng/ml ng/ml
(n=20) (n=13) (n=3)
<0.5 3 (42.9%) 3 (42.9%) 1(14.3%)
0.5-2.99 11 (55.0%) 7 (35.0%) 2 (10.0%)
More than 3.0 6 (66.7%) 3 (33.3%) 0 (0%)

Unlike the previous study, we found no association between 250HD and obesity.
This may be related with the low prevalence of obese patients in our study (6.5%).
Regarding the sun exposure, Hanwell et al. found that high sun exposure score in
summer was correlated with elevated 250HD level in healthy individuals (40). In

contrast, our study in SLE patients however have found no correlation between sun
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exposure score and 250HD level. This suggested that the impact of sun exposure on
serum 25 (OH) D levels in SLE patients is weaker than other critical factors. Other
important factor that was shown to be important predictor of low serum 250HD is the
baseline renal function (estimated GFR). LaClair et al, had studied in 201 subjects from
12 geographically diverse locations across the US and aimed to find the prevalence of
calcidiol deficiency in chronic kidney disease patients. The authors reported low mean
calcidiol level in the subjects with moderate and severe CKD (mean eGFR 27+11
ml/min) (20). Our study found no correlation between serum 250HD and eGFR. This
may be related with the fact that almost all of our studied population had eGFR >
30ml/min. In fact, there was only one patient with eGFR lower than 30 ml/min and the
serum 250HD level in this patient was found to be low (data not shown).

Vitamin D deficiency is high prevalence in SLE patients. SLE patients with LN
have significantly lower vitamin D level than inactive SLE and active SLE without LN.
High proportion of Vitamin D deficiency can be found in both LN patients with and

without proteinuria more than 500 mg/day.



CHAPTER VI

CONCLUSION AND RECOMMENDATION

In summary, we have shown the high prevalence of vitamin D deficiency in SLE
patients. SLE patients with lupus nephritis had significantly lower vitamin D level than
inactive SLE and active SLE without lupus nephritis. This low level of 250HD was
inversely correlated with UPCI. However, high prevalence of low 25 (OH) D levels was
also found in lupus nephritis with proteinuria lower than 500 mg per day. We suggest
that according to our study, all SLE patients with lupus nephritis should be screen for
serum vitamin D sufficiency and should be supplemented with vitaminD. Further studies
are required to clarify the causal relationship between low vitamin D level and lupus
nephritis. In addition, the impact of low 25 (OH) D levels on cardiovascular diseases and
other immunological function in SLE patients need to be determined. Still, the effect of
vitamin D supplement on certain interested outcomes such as proteinuria and SLE

disease activities remains to be further investigated.
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Case Record Form

Sex 1 Male 2 Female

ANTNTFNE 1 URINDY 2 dseAudian 3 nAuans 4 dseAu@am 5 aneed

Functional class........coocooviiii i,

SLE Diagnostic criteria

1. photosensitivity 10. ANA pattern....oooi
2. malar rash mer eIy

3. oral ulcer 11. Serology — ........ antidsDNA

4. DLE ceeeantiSm

5. arthrits anticardiolipin

6. serosits . lupus anticoagulant

7. seizure/psychosis
8. hematologic (leucopenia/AlHA/thrombocytopenia)

9. nephritis
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Current medications

1.
2.

Immunosuppressive drugs

Cyclophosphamide  oral.................oel mg/day

Azathioprine............ccooviiiiinnn, mg/day

Mycophenolate mofetil..................... mg/day

CyCloSPOriNe. ..., mg/day
Methotrexate............coooiiiii i mg/wk

ANLINYPEMENSIVE ATUGS. .. v e e e e

Additional medications:

Vitamin supplementation........ ...
Bisphosphonate. ...
L0115
Comorbidity

............. Hypertension

............. Diabetes mellitus

............. Coronary heart disease

............. Cerebrovascular disease

............. Osteopenia / Osteoporosis

............. Osteoarthritis

(Details see SLEDAI2K data collecting form
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Current laboratory investigation

Serum creatinine (mg/dl)
Serum albumin (mg/dl)

Serum calcium (mg/dl)

Serum phosphate (mg/dl)
Cholesterol (mg/dl)

HDL (mg/dl)

Triglyceride (mg/dl)

Spot urine total protein (mg/dl)

Spot urine creatinine (mg/dl)

250HD level..........covveviiiiiinnn




SLEDAI2K data collection form.
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SLEDAIZ2ZKSCOre. ...

Enterweightin SLEDAIZK Score column if descriptoris present at the time of the visitor in the preceding 10 days

Weight SLEDAI2 | Descriptor Definition
K'score

8 Seizure Recent onset, exclude metabolic, infection and drugs

8 Psychosis

8 Organic Alter mental status, memory, psychomotor, attention , exclude
brain syndrome metabolic, infection and drugs

8 Visual disturbance | Retinal changes of SLE, exclude hypertension, infection and

drugs

8 Cranial nerve
disorder

8 Lupus headache Severe, persistence and not response to analgesic

8 CVA New onset exclude atherosclerosis

8 Vasculitis

4 Arthritis >2 joints

4 Myositis

4 Urinary casts

4 Hematuria >5 RBC/HPF, exclude stone and infection

4 Proteinuria >0.5 g/24hrs

4 Pyuria >5 WBC/HPF, exclude infection

2 Rash Inflammation type

2 Alopecia

2 Mucosal ulcers Oral or nasal

2 Pleurisy

2 Pericarditis

2 Low complement

2 Increased DNA
binding

1 Fever >38C, exclude infectiou cause

Thrombocytopenia

<100,000 exclude drug causes

Leukopenia

<3,000 exclude drug causes
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