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ABSTRACT

INTRODUCTION: There are no daa on viamin D recepor (VDR) gene single nucleode
polymorphism (SNP) inuence on blood 25-hydroxy-cholecalcierol [25(OH)D] levels afer
supplemenary viamin D in Indonesian ype 2 diabees mellius (T2DM) paens. This sudy
evaluaed he eecs o he supplemenary viamin D3 and VDR gene SNPs rs1555410 and
rs2228570 on blood 25(OH)D levels in T2DM cases.
METHODS: A randomized, double-blind placebo-conrolled rial (RDPCT) was conduced a one
research setng using 85 T2DM subjecs divided ino viamin D group (VDG) and conrol group
(CG) and receiving 5,000 IU/day viamin D3 (cholecalcierol) or placebo once daily or 84 days.
Levels o 25(OH)D were deermined baseline and afer supplemenary viamin D3 adminisraon
or 84 days. Circulaory 25(OH)D was assayed using ELISA. VDR polymorphisms were deeced
using sequencing.
RESULTS: Pos-supplemenary blood 25(OH)D rose appreciably rom baseline in VDG or VDR
rs1544410 genoypes G/G (p=0.001) and G/A (p=0.010), and in VDR rs2228570 genoypes T/T
(p=0.012), T/C (p<0.001), and C/C (p=0.001). Pos-supplemenary VDG sll conained 30.3% o
subjecs no reaching blood 25(OH)D ≥30 ng/mL.
In aaining blood 25(OH)D ≥30 ng/mL pos-supplemenaon, VDR rs2228570 genoype T/C
diered signicanly rom T/T (52.4% v. 100%; p=0.027), bu here were no appreciable dierences
beween genoypes C/C and T/T (78.6% v. 100%; p=0.273), as well as beween VDR rs1544410
genoypes G/G and G/A (67.5% v. 100%; p=0.542).
CONCLUSION: Only 52.4% o subjecs wih VDR rs2228570 genoype T/C achieved sucienly
high blood 25(OH)D levels. VDR rs2228570 polymorphisms apparenly inuence T2DM response
to supplementary vitamin D.

Keywords: Diabees Mellius, Viamin D, Single Nucleode Polymorphism, Indonesia

INTRODUCTION

Indonesia, wih 10.7 million ype 2 diabees
mellius (T2DM) paens, occupies he 7h global

rank, with predicted T2DM prevalence rising to
16.6 million in 2045 [1]. T2DM viamin D deciency
prevalence is higher han in he general global
populaon, wih prevalences o 63.2- 83.2% [2,3].
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The laer are higher han in Europe, wih a viamin
D deciency prevalence o 40.4% (blood 25(OH)
D) <20 ng/mL) [4], while viamin D deciency
prevalence in Souh Asia is 68% [5].
Viamin D supplemenaon raises serum 25(OH)
D concenraon, inuences healh oucomes,
and achieves maximum moraliy rae reducons
in developed countries from the commonest
fatal diseases, such as cardiovascular disease and
T2DM [6]. Gross viamin D deciency a 25(OH)
D <12ng/mL (or <30nmol/L) is a healh hazard
[7] and should be correced hrough viamin D
supplemenaon [8].
The uliy o providing addional viamin D o
T2DMpaens orglucosehemosasis and reducing
insulin resisance is sll debaed, presumably
because o he diversiy o sudy populaons or
serum viamin D saus, supplemenaon dose and
duraon, mehodology, gender, BMI, and ehniciy
[9,10].
Vitamin D regulates signal transmission
hrough he viamin D recepor (VDR) [11]. The
viamin D-responsive elemen (VDRE) gene on
chromosome 12q13.1 comprises nine exons and
eigh inrons [11]. VDR acvaes and conrols gene
ranscripon via he arge gene promoer VDRE.
The VDR gene has over 470 polymorphisms [11],
he mos common being FokI (rs2228570 C o T)
and BsmI (rs1544410 A o G)[11]. VDR rs1544410
a inron 8 regulaes mRNA sabiliy, hereby
aecng gene expression [12]. VDR rs2228570 lies
in he exon 2 sar codon and changes he iniaon
sies [13]. VDR gene SNPs may inuence VDR
mRNA and proein sabiliy and acviy, resulng in
a subopmal response o supplemenary viamin
D [14,15].
Mulple acors may aec pos-supplemenary
blood 25(OH)D, such as sunshine exposure, aging,
body mass index, calcium inake, supplemenary
viamin D, and genecs [4,16]. I is currenly
uncerain wheher VDR SNPs aec blood viamin
D levels afer supplemenary viamin D in T2DM
paens [17], due o dicules in deecng gene
involvemen in he developmen o T2DM, because
o possible minue dierences in he gene and is
ineracon wih genec or non-genec acors
[18]. VDR SNP inuence on increases in blood
25(OH)D levels ha depic viamin D condion,
can be evaluaed only wih a randomized, double-
blind placebo-conrolled rial (RDBPCT).
Currenly, ew randomized double-blind placebo-
conrolled rials (RDBPCT) exis or evaluang

VDR rs1544410 and rs2228570 relaonships wih
viamin D herapeuc response. Waerhouse e al.
[14]. Sudied Ausralian elderly aged 60 – 80 years
receiving viamin D3 supplemenaon (30.000
vs. 60.000 IU/monh) or 12 monhs and ound
rs2228570 was no associaed wih increases in
25(OH)D levels afer supplemenary viamin D.
A 20-week Chinese RDBPCT [15] on viamin D
deciency cases receiving viamin D3 a 2000 IU/
day or placebo, demonsraed ha rs2228570
showed sronger inuences on 25(OH)D levels
(p<0.04). Pos-reamen, VDR rs2228570-G, and
is alleles had higher 25(OH)D levels (p = 0.009).
The RDBPCT o Cavalcane e al. [19]. on elderly
females aged 68 ± 6 years with vitamin D
insuciency and receiving 200.000 IU viamin
D3 supplemenaon or 4 weeks, showed higher
blood 25(OH)D concenraons in persons wih
BsmI genoypes BB/Bb (p<0.001) who responded
beer o supplemenary viamin D han hose wih
bb genoype.
A prospecve case-conrol sudy involving 125
T2DM paens and 125 conrols, revealed ha low
blood 25(OH)D and gene rs2228570 correlaed
wih T2DM risk [20]. The inconsisen sudy
resuls on VDR SNP relaonships were caused by
variaons in pre-supplemenary blood viamin D
levels, study designs, small sample sizes, vitamin D
dose, duraon o supplemenary viamin D, dieary
intake, and ethnicity.
There are currently no reports on the causal
relaonship o VDR SNPs rs1544410 and
rs2228570 wih supplemenary viamin D among
Indonesian T2DM paens, or which an RDBPCT is
necessary. The oucome may be useul or viamin
D3 herapeuc dose personalizaon in T2DM
paens o reduce morbidiy and moraliy raes.
Primary research oucomes would be responses
o supplemenary viamin D by comparing pos-
supplemenary blood 25(OH)D values. Secondary
oucomes would be he impac o rs1544410 and
rs2228570 polymorphisms on blood 25(OH)D
changes and aainmen o blood 25(OH)D o ≥30
ng/mL

METHODS

Research design
This RDBPCT was conduced rom June o Augus
2022at PuskesmasMampang in South Jakarta,with
subjecs signing inormed consen. Sudy proocol
approval was by he Research Ehics Commiee,
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Faculy oMedicine, Universias Trisak, under No.
001/KER/FK/1/2022.

Paens and inervenon
The sudy subjecs were Mampang area residens
wih T2DM. Inclusion crieria: males and emales
≥18 years old, T2DM, HbA1c 7-8.5%, oral
andiabec drugmonoherapy, agreeing o ollow-
up controls. T2DM was diagnosed using American
Diabees Associaon crieria [21], namely asng
blood glucose ≥126 mg/dL, or 2-hour posprandial
blood glucose ≥200 mg/dL and HbA1c ≥6.5%.
Exclusion crieria: previously and currenly on
insulin herapy, suspec kidney disease (esmaed
glomerular lraon rae <30 mL/min/1.73m2),
abnormal liver uncon (SGPT 3 mes normal
upper limi), pregnan or lacang, allergy,
hypercalcemia (plasma calcium >2.65 mmol/L),
or receiving daily supplementary vitamin D in
preceding 84 days. Dropou crieria: blood 25(OH)
D >100 ng/mL, hypercalcemia, cholecalcierol
hypersensiviy.
The sudy enrolled 115 subjecs allocaed by
simple randomizaon o viamin D (inervenon)
and conrol (placebo) groups a 1:1 rao, which
was conduced by personnel blinded o he
inervenon. VDG received daily viamin D3 ables
conaining 5,000 IU cholecalcierol, whereas
conrols received once-daily placebo ables
(120mg calcium), all ables aken or 84 days. The
viamin D and placebo ables conained in dark-
colored glass boles coded A and B were idencal
in visual, olacory, and gusaory qualies.
Parcipans and he sascian were all blinded o
he origin o he ables, wheher rom VDG or CG.
Compliance wih he inervenon was deermined
byweekly counng he remaining ables. VDG had
6 dropous because o proocol non-compliance,
returning to the home village, and diarrhea, while
CG had 7 dropous because o no agreeing o
parcipae, proocol non-compliance, and nausea
and voming. Subjecs compleng he sudy were
85 in number, consisng o 43 in VDG and 42 in CG
(Figure 1).
The researchers were blinded o subjec allocaon
in all study phases (recruitment, enrolment,
daa collecon, and group assignmen). For
improving vericaon and compliance, all empy
medicaon boles were reurned monhly o he
cadres or evaluaon o subjec compliance o
supplemenaon a he compleon o he sudy.
Subjecs’ complains (poenal adverse evens)

were noed or recording. The principal invesgaor
evaluaed he complains and heir connecon
with the supplements. The development of all
repored sympoms was moniored unl he sudy
was compleed. The allocaon codes sored by an
independen hird pary were opened afer he
study was completed.

Measuremens
Ondayzero (admissiondae),beoreadminisraon
o viamin D ables, subjecs meeng recruimen
crieria were inerviewed o collec subjec daa
on age, gender, and duraon o diabees mellius,
ollowed by blood collecon a 08.00 and 9.00
a.m. local me.

Biochemical measuremens
From each parcipan, 5 mL o venous whole
blood was colleced, wih 3 mL or blood 25(OH)
D deerminaon and 2 mL in EDTA ubes or VDR
SNP genoyping.
Blood 25(OH)D level was deermined by
chemiluminescen microparcle immunoassay
(ARCHITECT 25-OH Viamin D assay, Abbo),
wih measuring inerval 8.0 - 160.0 ng/mL (20.0 -
400.0 nmol/L), limi o deecon (LoD) ≤ 10.0 ng/
mL, limi o quanaon (LoQ) ≤ 20 ng/mL, and
imprecision ≤ 10% wihin oal CV.
Blood 25(OH)D daa were presened as median
± SD, and caegorized according o Endocrine
Sociey 2011 clinical pracce guideline, wih <20
ng/mL dened as viamin D deciency, 20 – 30 ng/
mL as viamin D insuciency, 30 – 100 ng/mL as
viamin D suciency [8].

Viamin D recepor single nucleode
polymorphisms
Genomic DNA was exraced using QIAamp
DNA Blood Mini Ki (QIAGEN) rom 200 L EDTA
blood and is puriy and level were deermined
using a NanoDrop 2000 specrophoomeer
(ThermoScienc). VDR SNPs were deeced by
PCR, ollowed by sequencing. PCR used MyTaq
HS Red Mix Ki (Bioline) o ampliy he arge
sequence using specic primers, namely or
rs1544410: orward primer 5’- GGG AGT ATG AAG
GAC AAA GAC C-3’ and reverse primer 5’- CCC GCA
AGA AAC CTC AAA TAA C -3’ and or rs2228570:
orward primer 5’-GCA CTG ACT CTG GCT CTG -3’
and reverse primer 5’-TGG ACA TTG TAA GGA AGG
AGA TG-3’. PCR amplicaon used 2 l DNA, 8.5 L
nuclease-ree waer, 2x 12.5l My Taq HS Red Mix,
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and 1.0 l each o orward and reverse primers.
Condions: inial acvaon a 95oC or 5 minues,
denauraon a 95oC or 15 seconds, annealing
a 58oC or 30 seconds, exension a 72oC or 30
seconds or 40 cycles, and nal exension a 72oC
or 3 minues. PCR producs on 2% agarose gel
were visualized by elecrophoresis. Puried PCR
producs were sequenced using BigDye Terminaor
Ki (Thermo Fisher Scienc) and ABI 3500
sequencer (Applied Biosysems). Sequence analysis
was perormed wih BioEdi sofware o conrm
muaons, which were compared o NCBI BLAST

daabase wih accession number NG_008731.1.

Sample size
In each group, 40 subjecs were required o
deec a reamen dierence a 5% wo-sided
signicance level (0.05) and 90% sudy power. µ1
− µ2 = prediced beween-group mean dierence,
esmaed a 4; α2 = expeced populaon variance
rom he preliminary sudy, esmaed a 1.02. To
ancipae dropous, he sample size became 95
for adequate power to detect outcome measure
dierences.

Randomizaton (n = 98)

Inerventon group
Assigned o inerventon (n=49)

CG
Assigned o inerventon (n= 49)

Discontnued sudy due o
noncompliance wih proocol,
reurned o home village, and

diarrhea (n = 6 )

Discontnued sudy due o
noncompliance wih proocol,

reurned o home village, refusal
of partcipaton, nausea and

vomitng. (n= 7)

Analysis (n = 43) Analysis (n = 42)

Assigmen

Follow up

Analysis

Eligibiliy Assessmen (n = 115 )

Rejeced (n=17)
- Failure in inclusion crieria (n=10)
- Refusal of partcipaton (n =5)
- Oher (n=2)

Figure 1: Flow o parcipans hroughou rial
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Sascal analysis

Connuous daa o normal disribuonwere shown
as mean and sandard deviaon (SD), connuous
daa o skewed disribuon as median (minimum-
maximum), and caegorical daa as percenages.
Daa were checked or normal disribuon using
he Kolmogorov-Smirnov es. Unpaired Suden’s
-es, Mann-Whiney U es, Chi-square es,
and Fisher exac es were used or baseline
comparisons beween VDG and CG, based on he
variable ype and daa disribuon. Mann-Whiney
es was used o compare blood 25(OH)D in VDG
and CG a baseline and pos-supplemenaon.
Baseline and pos-supplemenaon viamin D
saus dierences were evaluaed using Fisher’s
exac es and Chi-square es. VDG baseline and
pos-supplemenaon blood 25(OH)D dierences
beween rs1544410 genoypes were evaluaed by
he Mann-Whiney es. VDG baseline and pos-
supplemenaon blood 25(OH)D levels beween
rs2228570 genoypes were compared using he
Kruskal-Wallis es, Wilcoxon signed rank es, and
paired -es a p <0.05. Sascal analysis used
SPSS or Windows version 23.

RESULTS

Baseline subjec characeriscs
We had 85 T2DM parcipans, wih 68 (80%)
emales, mean age 55.8 ± 0.6 years, median
T2DM duraon 12 (1 – 36) monhs, and median
blood 23(OH)D 11.6 (2.4 – 30.3) ng/mL. The
mos requen rs1555410 genoype was G/G,
comprising 79 subjecs (92.9%), ollowed by G/A
wih 6 subjecs (7.1%), wihou any T/T. Gene
rs2228570 had genoypes T/C, C/C, and T/T wih
38 (44.7%), 32 (37.6%), and 15 (17.6%) subjecs,
respecvely. Viamin D saus was mosly decien
in 74 subjecs (84.1%), insuciency in 9 subjecs
(10.6%), and suciency in 2 subjecs (2.4%). Afer
group randomizaon, no signican dierences
were observed in age, gender, T2DM duraon, and
VDR genoype beween VDG and CG (Table 1).

Baseline and pos-supplemenaon blood 25(OH)
D and viamin D saus
Afer viamin D3 supplemenaon or 84 days,
here was a much greaer increase in VDG blood
25(OH)D han in CG (46(9.4-79.4) v. 14.4(6.9-38.3);
(p<0.001) (Table 2).

Characerisc

Treamen group P-value

VDG (n=43) CG (n=42)

Age (years) 56 (35 – 80) 56 (35 – 69) 0.396a

Gender

Male 8 (47.1) 9 (52.9) 0.745b

Female 35 (51.5) 33 (48.5)

Duraon o DM (monhs) 12 (1 – 36) 12 (1 – 36) 0.967a

VDR genoype (n,%)

rs1544410

G/G 40 (50.6) 39 (49.4) 1.000c

G/A 3 (50) 3 (50)

A/A 0 (0) 0 (0)

rs 2228570

T/T 8 (53.3) 7 (46.7) 0.614b

T/C 21 (55.3) 17 (44.7)

C/C 14 (43.8) 18 (56.2)

Table 1: Subjec characeriscs a he sar o he sudy in VDG and CG

Values presened as median (min-max) or n(%). Satstcal analysis: aMann-Whiney es; bChi-square es; cFisher’s
exac es; p<0.05 = satstcally significan. VDG = viamin D group; CG = conrol group



-41-Rwanda Medical Journal, Vol. 81, no. 2, p. 36-46, 2024. https://dx.doi.org/10.4314/rmj.v81i2.5

Blood 25(OH)D level (ng/mL)

VDG Sar o sudy (n=43) 84 days (n=42) p-value

VDR genotypes

rs1544410

G/G (n= 40) 10.5 (4.7 – 30.5) 46.5 (9.4 – 79.4) 0.001c*

G/A (n= 3) 10.8 ± 1.3 45.7 ± 7.2 0.010d*

P value 0.924a 0.924a

rs2228570

T/T (n=8) 11.4 (6.2 – 17.9) 61.2 (32.1 – 79.4) 0.012c*

T/C (n=21) 10.5 (7.6 – 30.3) 34.2 (9.4 – 67.4) <0.001c*

C/C (n=14) 11.0 ± 4.4 43.7 ± 12.4 0.001d*

P value 0.373b 0.024b*

Yenny et al. Blood viamin D levels in ype-2 diabees mellius in Indonesia

Comparison o blood 25(OH)D levels by VDR
genoype afer supplemenary viamin D3
adminisraon in VDG
To nd he eecs o VDR genoype on pos-
supplemenaon blood 25(OH)D, 25(OH)D blood
levels were compared beween genoypes in
VDG (Table 3). Blood 25(OH)D levels increased
signicanly above baseline afer supplemenary
viamin D3 in rs1544410 genoypes G/G [10.5 (4.7

– 30.5) v. 46.5 (9.4 – 79.4) ng/mL; p=0.001] and
G/A [10.8 ± 1.3 v. 45.7 ± 7.2 ng/mL; p =0.010]. No
grea dierences were ound in 25(OH)D beween
rs1544410 genoypes G/G and G/A [46.5 (9.4 –
79.4) ng/mL v. 45.7 ± 7.2 ng/mL; p=0.924].

As compared o baseline, pos-supplemenaon
rs2228570 blood 25(OH)D levels increased
signicanly or genoypes T/T [11.4 (6.2 – 17.9) v.

Group

Sar o sudy

p

value

Afer supplemenaon

p-valueVDG (n=43) CG (n=42) VDG (n=43) CG

(n=42)

Blood 25(OH)D level
(ng/mL)

10.5

(4.7 – 30.3)

13.05

(2.4 – 26.9)

0.264a 46

(9.4 – 79.4)

14.4

(6.9 – 38.3)

0.001a*

Viamin D saus

Deciency 40 (50.6) 34 (45.9) 3 (8.6) 32 (91.4)

Insuciency 2 (22.2) 7 (77.8) 1.000c 10 (62.5) 6 (37.5) 0.001b*

Suciency 1 (50) 1 (50) 30 (88.2) 4 (11.8)

Table 2: Blood 25 (OH)D level and viamin D saus in VDG and CG a baseline versus 84 days afer
supplemenaon wih viamin D3.

Groups: VDG= viamin D3 5.000IU/day, CG = placebo
Viamin D saus (blood 25(OH)D level): deficiency ( < 20 ng/mL); insufficiency (20 – 30ng/mL); sufficiency (30 – 100 ng/
mL). Satstcal analysis: aMann Whiney es; bChi-square es; cFisher’s exac es; *p<0.05 =satstcally significan
VDG = viamin D group; CG = conrol group

Table 3: Blood 25(OH)D levels in VDG by VDR genoype afer supplemenary viamin D3 adminisraon

Satstcal analysis: aMann-Whiney es; bKruskal-Wallis es;c Wilcoxon signed rank es; dpaired -es; *p value
<0.05 = satstcally significan
VDG = viamin D group; CG = conrol group
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61.2 (32.1 – 79.4); p=0.012], T/C [10.5 (7.6 – 30.3)
v. 34.2 (9.4 – 67.4); p<0.001], and C/C [11.0 ± 4.4 v.
43.7 ± 12.4; p=0.001] (Table 3).

There were also signican dierences in pos-
supplemenaon blood 25(OH)D beween
rs2228570 genoypes T/T, T/C, and C/C hemselves
[61.2 (32.1 – 79.4) ng/mL v. 34.2 (9.4 – 67.4) ng/
mL v. 43.7 ± 12.4 ng/mL; p=0.024] (Table 3).

To determine the genotypes causing the post-
supplemenaon dierences in rs2228570, a pos-
hoc analysis was conduced, showing signican
dierences beween genoypes T/T and T/C
(p=0.015) and beween T/T and C/C (p=0.017), bu
no beween T/C and C/C (p=0.391).
Regarding blood 25(OH)D responses o
supplemenary viamin D o rs1544410 genoypes
G/G and G/A, among he 43 VDG subjecs, only
30 (69.7%) aained blood 25 (OH)D levels ≥30
ng/mL. The same is rue or he hree rs2228570
genoypes T/T, T/C, and C/C (Table 4).

No prominen dierences were ound beween
rs1544410 G/G and G/A in aaining blood 25(OH)
D ≥30 ng/mL (67.5% v. 100%; p=0.542). In
rs2228570, signican dierences occurred in
blood 25(OH)D level aainmen beween T/C and
T/T (52.4% v. 100%; p=0.027).

DISCUSSION

Viamin D deciency was ound in 84.1% o
subjecs, wih a median blood 23(OH)D level o

11.6 (2.4 – 30.3) ng/mL,which ismuch greaer han
in Europe, where 25(OH)D levels below 20 ng/mL
and 12 ng/mL are observed in 40.4% and 13.0%,
respecvely, o hepopulaon [4]. Conversely, adul
viamin D deciency prevalence in 5 Souh Asian
counries was 68% [5]. Our resuls approximae
hose o earlier sudies demonsrang ha T2DM
viamin D deciency prevalence is around 63.2 
83.2% [2,3], and ha viamin D deciency is also
ound in ropical counries, such as Indonesia,
wih abundan sunshine or cuaneous viamin D
synthesis.
Viamin D as a prohormone is available as
vitamin D2 (ergoalciferol) in foods and vitamin
D3 (cholecalcierol) in UV-exposed human
skin. Generally, viamin D deciency is caused
by low dieary inake and reduced cuaneous
synhesis rom inadequae sunligh exposure due
o geographic locaon, skin color, age, indoor
liesyle, and culural or religious pracces[22,23].
Our greaer viamin D deciency prevalence shows
that foods and sunlight alone cannot maintain
opmal viamin D saus, necessiang viamin D
supplemenaon.
Signal transmission in humans occurs through
viamin D binding wih he viamin D recepor
(VDR) [11] expressed by insulin-sensive ssues.
Apparenly, viamin D may have a direc inuence
on insulin sensiviy and insulin recepor
expression, hereby enhancing insulin-smulaed
glucose transport. Vitamin D may also have
an indirec inuence [17] by reducing insulin
resisance-inducing inammaory responses [24].
A meta-analysis showed that vitamin D

VDR genoype

Blood 25(OH)D level p-value

< 30 ng/mL (n,%) ≥30 ng/mL (n,%)

VDG

rs 1544410

G/G (n=40) 13 (32.5) 27 (67.5)

G/A (n=3) 0 (0) 3 (100) 0.542

rs 2228570

T/T (n=8) 0 (0) 8 (100)

T/C (n= 21) 10 (47.6) 11 (52.4) 0.027*

C/C (n=14) 3 (21.4) 11 (78.6) 0.273

Table 4: Atainmen o blood 25(OH)D levels in VDG by VDR genoype afer supplemenary viamin D
adminisraon

Satstcal analysis: logistc regression es; *p value <0.05 = satstcally significan
VDG = viamin D group
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supplemens can raise blood 25(OH)D and
reduce insulin resisance in T2DM [25]. However,
sysemac reviews o T2DM RCTs ailed o nd
evidence or he ecacy o viamin D supplemens
in glucose hemostasis and in decreasing insulin
resisance [26,27]. According o anoher mea-
analysis, vitamin D dosage, status, and length
o supplemenaon aec he herapeuc
response[9]. High-dose viamin D supplemenaon
produces greaer eecs in obese viamin
D-decien Asians[9]. Irrespecve o viamin D
supplemenaon's impac on T2DM paens,
viamin D deciency should be correced because
viamin D serves an essenal uncon in calcium
hemosasis and bone meabolism [22].
Our sudy showed ha rs1555410 had genoype
G/G in 79 (92.9%) subjecs and no genoype A/A,
whereas Chinese T2DM paens [17] had mosly
rs1544410 genoype G/A (93.75%), bu similarly
no A/A. Our rs2228570 genoype proporons
comprised T/C in 44.7%, C/C in 37.6%, and T/T in
17.6% o subjecs, whereas he Chinese sudy [17]
comprised rs2228570 genoype C/C in 59.8%, T/T
in 23.2%, and C/T in 16.9% o subjecs, showing
ha Asians vary in rs1544410 and rs2228570 gene
proporons. Similarly, he research resuls o Sari
e al. [28]. on healhy Norh Sumaran women
diered rom ours, because all subjecs had
heerozygous A>G or BsmI (rs1544410), and T>C
or Taql (rs2228570), showing ha Indonesians
also have diering VDR genoype proporons,
supporng he supplemenary viamin D dosage
personalizaon concep.
In our sudy, supplemenary viamin D a 5000 IU/
day caused a 3.2-old higher rise in blood 25(OH)
D in VDG compared o CG [46 (9.4 – 79.4) ng/mL v.
14.4(6.9 – 38.3) ng/mL; p=0.001] (Table 2). Blood
25(OH)Dmay rise around 1 ng/mL (2.5 nmol/L) per
100 IU daily viamin D3 supplemen given or 56
- 84 days [29], alhough he supplemenary dose
may no be linearly correlaed wih blood 25(OH)
D [30].
Afer 84 days o viamin D supplemenaon a
5000 IU/day, among our 43 subjecs, 13 (30.2%)
subjecs sll did no aain blood 25 (OH)D levels o
≥30 ng/mL (Table 4.) This agrees wih he ndings
o Yao e al. [15], rom a 140-day RDBPCT on 448
Chinese wih viamin D deciency receiving 2000
IU/day viamin D3 or placebo, where he viamin D
increased blood 25(OH)D, bu could no overcome
viamin D deciency in 25% o subjecs. Al-Daghari
e al. [31]. Sudying T2DM paens on 2000 IU/day

supplementary vitamin D for 12 months showed
ha 42% o subjecs sll could no reach arge
blood 25(OH)D. Hu e al. [17]. in heir sudy on
T2DM subjecs receiving supplemenary viamin D
a 800 IU/day or 12monhs, also ound ha 44.6%
o subjecs did no aain viamin D suciency.
The inuence o VDR SNP on supplemenary
viamin D3 resuls remains unclear. We ound a
signican increase in pos-supplemenary blood
25(OH)D levels above baseline values in rs1544410
genoypes G/G (p=0.001) and G/A (p=0.010) which
agrees wih Cavalcane e al. [19]. showing ha
supplemenary viamin D signicanly increased
blood 25(OH)D in BB/Bb (p=0.009), bu no in bb
subjecs.
In our VDG subjecs wih rs2228570, large
dierences were ound in pos-supplemenary
25(OH)D blood concenraons o genoypes
T/T, T/C, and C/C (p= 0.024) (Table 3.). Pos-hoc
analysis showed dierences beween T/T and T/C
(p=0.015) and beween T/T and C/C (p=0.017), bu
no beween T/C and C/C (p=0.391). In our sudy,
rs2228570 apparenly inuenced supplemenary
viamin D response in T2DM subjecs. In T/C
subjecs, only 52.4% aained 25(OH)D ≥30 ng/mL,
lower han in he oher genoypes (Table 4).
One mea-analysis showed ha TaqI and FokI
polymorphisms may modulate supplementary
viamin D response or beer resuls [32]. Our
sudy conrms ha he doses should be adaped
(“personalized”) in subjecs wih rs2228570
genoypeT/C oropmalbeneso supplemenary
vitamin D.
Our sudy resuls dier rom hose o Al-Daghari e
al. [31]. on T2DM subjecs wih genoype-relaed
dierences in pos-supplemenary blood 25(OH)
D, in ha genoype T/T subjecs evidenced beer
herapeuc responses han he oher genoypes.
Our resuls also dier rom hose o Hu e al.
[17]. showing in T2DM subjecs ha rs2228570
genoypes T/C and T/T had no remarkable
dierences in blood 25(OH)D (p=0.964). In
addion, Hu’s sudy and ours showed dierences
in subjec characeriscs regarding age, baseline
blood25(OH)D, and supplemenary viaminDdose.
Hu’s subjecs were aged 66.3 ± 9.1 years, whereas
ours were 55.8 ± 0.6 years old. Our baseline blood
25(OH)D o 11.6 (2.4 – 30.3) ng/mL exceeded ha
o Hu’s 22.7 ± 1.9 ng/mL, presumably because Hu
e al. used a lower viamin D3 supplemenaon
dose (800 IU) [17]. Anoher sudy ound ha lower
baseline blood 25(OH)D levels were associaed
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wih signicanly higher blood 25(OH)D responses
[15].
Opinions regarding opmal blood 25(OH)D levels
in humans are inconsistent, with no uniform
denion o viamin D deciency and insuciency
in dieren guidelines. The IOM recommends a
minimum blood 25(OH)D concenraon o 20 ng/
mL (50 nmol/L), in connecon wih bone healh
[33]. However, he Endocrine Sociey recommends
25(OH)D levels exceeding 30 ng/mL (or 75 nmol/L)
or prevenng inecons and obaining oher non-
calcemic viamin D benes [8]. We showed ha
supplemenary viamin D3 a 5000 IU/day or 84
days sll could no preven 30% o subjecs rom
aaining viamin D suciency wih blood 25(OH)D
≥ 30 ng/mL. The Endocrine Sociey clinical pracce
guideline [8] recommends supplemenary viamin
D3 for increasing vitamin D levels and determining
blood 25(OH)D concenraons because 25(OH)D
is the most frequent circulatory vitamin D, with a
hal-lie o 14 – 21 days, and exremely useul or
monitoring vitamin D status in persons at high risk
o viamin D deciency.
Our sudy conrms he need or supplemenary
viamin D dose personalizaon and blood 25(OH)
D measuremen in high-risk paens in relaon o
VDRSNPs,apar rom heconradicory relaonship
o viamin D deciency in glucose hemosasis and
insulin resisance reducon [20,26,27,34]. There is
a need or dosage adjusmen (“personalizaon”)
in subjecs wih rs2228570 genoype T/C o obain
beer gains rom supplemenary viamin D. Our
study results may provide inputs on management
policies o T2DM paens suscepble o viamin D
deciency, parcularly in Indonesia.
In some populaons, he inerplay o genes and
liesyle may obscure he genec componen;
hereore, sudies on gene ineracons wih die
and physical acviy are mandaory o conrm he
relaonship. Oher longer-erm RCTs wih larger
sample sizes are also necessary o beer ulize he
resuls o viamin D supplemens in paens wih
ype 1 and ype 2 diabees.

We used an RDBPCT design ha is bes or
measuring cause-and-eec relaonships. We
used an idencal herapeuc procedure and
supplementary vitamin D3 dosage to minimize
subjec variaon.
One limiaon o his sudy was ha our subjecs
were Indonesian T2DM paens; hereore, our
resuls may no apply o oher naons. We also

did no accoun or physical acviy, die, sunligh
exposure, BMI, and parahyroid hormone as
confounders.

CONCLUSION

Afer viamin D supplemenaon, blood 25(OH)D
levels rose percepbly, bu a hird o subjecs sll
ailed o aain blood 25(OH)D levels o ≥30 ng/mL.
VDR rs2228570 genoype T/C had only 52.4% o is
subjecs aaining a sucienly large 25(OH)D level,
bu percepbly lower han in genoypes T/T and
C/C. VDR rs2228570 polymorphisms apparenly
inuence T2DM response o supplemenary
viamin D. There is a need or personalizaon o
viaminDdosageandblood25(OH)Dmeasuremen
in high-risk paens due o VDR SNPs.
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