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ABSTRACT

Cobalamin 2 sormogans blomarker of witsmin B2 has various limitations. Thars are sevaral other markars that
can ba usad to datermies tha vimin BI2 concentration in the body, sudh as mathyimalonic aod {MMAL The
objective of this study was to debarmine tha provalance of wiamin B2 defidency using appropriate cut-off
levals of cobalamin and M2 and 1o determing the relatiorship baremen cobalamin and MMA, 25 biormerkers
of viamin 211 dafickency in e sldarly. This study was of cross-sectional dasign and wes parformaed om B0
abdarty woman aped &0-75 yaars, from jamary to April 2017, All subjecs wers asied to fil In 2 questionnirs,
then the subkcs meating the Indusion and eudusion oritera endersent cemintion for anthropormetric
measuras, ¥ial dgns, detary reall food freqeency for viamin B12, sarum MMA and cobaiamin. Datm analysis
was carmied out wich inbar- ore-say Ancva and the tast berwsan MMA and oobalamin
ooncentrasons, at kvel of signiiance poof < U5 The prevalenos of BI2 defickency based on cobalamin was
BTSN, wharas the provalence based on MMA wes 711 N The MMA comcentraton did mot decrease
corsistantly with Inoeasing Inter-quartla cobalamin concantration. Tha resuts of the Spearmen st showad a
low negatiw correlation berewen cobalamin ad MMA, with r = 20233 and p<0.H43. In condusion, the
pravaenca of BI2 dafickency based on the MMA concamtration was kighar than that besed on tha oobalzmin

concartraton. Thars was 2 weak negative comalation betewan cobalamin and MMA concentrations.
Kaywords Mathd@malonic zcid, MMA, cobalamin, sldarty, vitamin Bl 2 deficemoy

INTRIODLCTION
WHamir @12 [echalamin) deficercy iz o Fagquanty
found condificn in the siderly, that fends o
increazs with increcsng oge [1.2]. Cobalamin is
an smerhial wamin fhot @ ecgquesd Dy the bedy
and = ued B vancur snzymotc  proomzsas
thircughowd tha body. The main furction of
cabalamin i to syrdhecce decxpibonucies ocid
(OMA) im e bore morrow and o moEndain
rrpulin in both the pariphercl ond #e cerirol
rarvous myzhem [1]. § ondeieched, wiamin B12
deficimncy Ty ezt in
rapurccogniiive obrormiolitiss [Z]. The prevalencs
o wwhamin E12 deficeancy in the sidedy ronges
bateman 5% and J0%, depending on  tha
definian of vitamin B12 deficency $hat iz used
[3:4.3]. Gevers witamin E12 deficdercy rorsly
cauzss difficuties in diognaziz; howevess, # iz the
initial shogqe of the deficiency thot = difficu sa
diogroas [J]. Thz iz dus & the doci thot almast
500 oF potenis wish the subdinical conditicn has
a normal cobalamin concentrotion [8]. Sirce tha
sigra and sympioma of wilomin B12 defic

irwvezitis

frequerdy rcd sncouriersd ot the onzast of e
deficiency, szpscol ofssdon should b pod
mepacially in parscra kbnoem bo be ot fegh nek of
thiz condiicn [J]. Tha couser of wiamn 312
j incy ars gerized ido thres groupas,
nomaly abnoemal  gasicirdestinal  ohsorpicn,
inodeguois radnent imloks such oz in vegans ard
sldar’y parzonz, and increcsed rsgquiremant dor
vitamin BE12 such oz in hamalmic ond lsvkemia.
Among Tha obove-merhonsd fockors, the main
couzs of witamin 812 deficercy o inodesgudais
imoks of jood: of onimal origin, such o3 mact
ord sgge [1].

Curerdly, tha concerdobicn  oui-off  point
recommanded by e WHO 2 <130 el /L (200
paml]. The WHT hox wsed thiz cul-off poind dor
the diograsiz of witamin E11 deficsncy sirce
308 [7]. Up to now ferse iz no corasrsam or
guicslire on $a cut-off paoint dor the diognoea of
vitamin B12 deficiency [0,9,10]. The diognces of
wiamin B12 deficiercy iz usuvoly sstablished on
the basiz of chrcol symprems with oddificeal

lak
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cancentation and iro d  hes yehmi or
mmthyimalonic ocid [MAMA] concerraton [B,11].
K witamin BE17 deficercy = suspscied on chrecal
gresuncls, e loborohory wahan 1 d is
vzually tha cobolomin concesotan, full Blecd
courd, ard penpheral blocd mophclogy. The
lofer wall yield #e cdowsicol  pichew  of
magaloolasic  oramia, but  frequanty  this
condiicn iz mob sesn, sapeciolly it moderoie
anemia [11,1Z]. Dessmingticn of the cobalamin
cancerration iz uzuwaly reccmmanded if o potient
with, mocrecyiasiz iz fourd, bud mocroopiasis with
oo withowd onemia i nod sensitive and rod specific
for asoblshirg the diognosia of wiomin B12
deficiency. Thz iz becouse mocrocytcms may ba
found in ofer condiicra, such an koloe
deficimncy ard tha myslcdyzplasts syndroms, and
rizew Snan 54% of cozes will nek e chagremad if
mocrocyhoaiz i e only baziz for sowering for
visamir 312 deficiency [B,13,14].

Dadseminaticon of thea concantration of vitaman B12
can of presart be parforred and iz relciesly
inaxsenzive . Whet resd o bs corodered o
tha Bmiohora of veng cobolamin dfor  the
diagreain of viamin B12 deficercy, such oz tha
i i wh T cabalamin
canceriration ard chrcal vilormen 312 dediciency,
zo thod mors sencitive soresning redhoda for
witamir B12 deficiancy ars resded. Oina of #em
iz by maarunng wiomin B17 melobokiss fhat
ocoumulois o= o o of im B12 dadici 3
among ofhare the MMA corcaniration [6.13]).
Mastyimalonic ood @ the srd-product of the
braokdosr of amine ocids inke mathylmolcenyd
Cad in tha oirc ood ol [1]. Viomin B12 i
regquirsd for She corremrzion of MMA inko succingd
comnzyma A The pressrcs of wiamin B12
daficimncy in w4 tha AAKA
canceriration bed in plosma and tha urine, swen
though the zerem cobolamin comcertroficn s
withir, tha rarmal ronge [8.14) The gold

wall

METHODOLOGY
Research Design ond Study Subjects
Thiz shedy of cross-cachicnol desgn was

parfoermed froen Januory TP & Apdl 7079, Tha
inchymon  crfstdao wes  slderly femole:  oged
batwasn &3 and 73 yearz who resdsd =
Mompang  FPropoion  Diskicl, South Jokorha,
ogresing fo porticpoie in this shedy [by aigning
irfoerred  consand], nod suffering from stroke ard
cthar termiral dissazes such o moligranceas,
dicbwiez: maliuz, reral foilure, ord mypscardial
irfarchan. The seclusicn oriena in this sudy =ere
use of coriccasercids, hormicral meolooared
tharopy, and wHamir 312 and folote supplemeniz.

Cruestionnaine ond Mecsurements

Cne  hurdred  slderty femalez missting e
incdhszmon and sxchusicn oiiwno wers rdsrvewesd
by four intervisswn (sith mirimaolly ssnice high
schood sducation or squivolent) who hod recsived
pricr training cn the aom of s sSudy and e
filbng-cut of the quashiorraire. The quesicnnore
comprizsd the wobject’s roma, oge, oddres,
dizecses suffered, zupplment and redicolicn:
token. Tha shudy sukg ing e ind i
ard axcluzicn oteno were odied o fost for
mirirmally 12 hours pricr fo bBood collsciion dor
labaraiory  axamiration. They obo  wndereed
phymical axaminofon comprising blood prassere

using o mor-rarcery sphpgrmomancmetendigial
ipfpgmicmancmser,  puls oW wing a
rhogeoich,  twmperoturs,  wesgtd,  haighd, e
orourTfersnce and abdamiral o } =N

Laboratory Examinaticns

Fram soch of tha svbpch o volumas of 10 mL
vanous Blood wos drown, 1o be mods info senem
for crmctinine meczursmend and Fie st slored ot
iz 20FC dme siemubmemeour sssevinshize of
cobdlomin ond MMA  concendofionz. The
sxomincticn of cobdlamin uzed fhe Avcrescerd

shandard for determining wiomin 312 deficercy
iz an increcsed MMWMA concerioticn [O]. Tha Mbds
canceriration increcsa: with decreosing sthamin
E1Z conoarfroton, but he MMA concsrtofan
moy alss ircreass spuncaaly in subjech with renal

dizarderz, bockriol ocvegrowth = s omall
i ira, or Far rfrocn. Evan wash thazs
h . an i d MMA corceviofaon
] heya i T w B12 deficiarcy

[11]. Tha uv=a of MMA for determining funccnal
wiamirn B12 deficency @ =h infracuent,
paricularky on the slderly. Tha aim of thiz study
was fo delermire e prevalencs of wBamin B12
deficimncy by vang @ cui-off leveh of cobalamin
and MMA ord by companrg oobolamin and
MAA oz biomarker of wiomin B12 deficancy in
tha alderty.

P ior immurcamzoy, whersos e MBA
vaad the
immurcsaoroent omay (ELIGAL The cobalamin
conceriroion iz a0id b ndicoie B12 deficeancy o
it i o 130 pmall [2700 pg/mil] ord fhe MWA
conceniroion iz s0id b irdicoe B12 deficiancy &
itiz 2= 210 remadfL [7].

o naticn

wrnzpna-linked

Food Frequency Cauestionnoire

To determira the doly food inkks of the shudy
ke, parficulary of whomin B1T-conhaireng
Feads, distory recall wos carnied out an 2 weorking
doye and 1 JoherdoyBurdoy or hobdoy ard
imerviess wing a food fregquercy guestcninaire
io determine e intokes of wamen B12-conharang
foods wars paricrmad by 2 trored sromescios
|rastriticral parscrnad).

1T Itematiomal Jourmal of Pharmacartical Besserdh | Ot - Dec 2020 Vol 12 | e 4
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Sotistical Aralysis

The dolo wers orolyzsd wmng Satisiical Fockage
for Socal Sciance Fedant [SF5D softvars versan
Z1. Marmaolly diztribwsed dota wers prezarted az
mman X slordord dewation (G0}, wharsos ran-
raarmally disinbuied doto wws praceried oz
misdiar and minimum-moamum ronge.  Te find
o corsloScn befessn cochalamin ord  MAA
concertration, the Psarson comelation st waz
vaed dor romolly disribuied dofa ond  the

Sp=mearmarn Bho dor rrraally disiri i dioa,
o value of p « L33 indicating signihcant
difwrmrcns. The inks tam - Iz

el ¥
peformed fo analyze MMA conoentrotion based

cn guartles of mrum cokalomen with p volus <
0.03.

Efhical Cleorance

Irdormed corserd was ciiined ofer the subjecs
cleariy urdsrsicod the goal of this shudy arad wers
willing 1= porticipots. This shedy cbéained sthicol

Charocheristics of e Shudy Subjects

clsorance from #e Focully of Madicoras, Trizakh
Urevmraty, wnder no. 138 KERF 2015,

RESULTS
O she 100 subjacts who ogresd o porticipass,
subgmctz  whs  wars  rejeced,

bacouzs amicrg #eem 10 perscra wers under 00

thars were I0

o of oge ond the other 10 psrsons wers
okasnt dunrg #he sudy. Tha mson oge of e
subpects waz 53.4 = 4.7 ywars. The mast frecued
sducoticral Botus of the wbpech woz slamardary
schiood grodudie in 32.0% and ssnicr ragh echacl
groduote in 33.0%. The majorty of e subjects
e rwtired |m:|. Tha anthecpomaitic doio arsd
wital zigra ore  shoen in For the
cabalamin  [vlamin B1Z] cocmcantrofion, #hae
mapdian wma Z35.0 pmcl/L with lovwsr ard highar
imer-quartile rangsa of 12153 ond 14447
pmicl/L. respaciraly. Moot of e subgech (73 ar
71.23 :E-: had a E17 concerfrofcon of = 130
pmcl/L o balorged S0 the roemal colmgeoey.
Bosed oo MMMA concervboSon, the momber of
subjects with @ normal visamin B12 concendraticn
= only T [(27.7 ) [Tablke 1)

_ Tahle 1: Characteristics of the Study Sabjecs
Chamchenshc E X 50 jn=EB0)
a5+ =43
o 8 Bemem (] 42 (3.3}
= 45 —n [X) 30 (473
Gender
Fance —n [‘] 50{100]
Educighon
Mo schockirg 5|63y
[Emrmantory achoal-—n % I7 (2348}
Juniar high schasl-—n [3) 17 (213
Seniar high achoal -—n (%) Z7(33.4)
Eer—— FRNET
Emiployment simhus
Employmd ——n [3) 148 (200
Unamployed -—n ﬁ] 4 (3
=
Jovansieeee e [3'.] &0 (3T
U T E———— ﬁ| Ty
Bt (3] 4 4.3
Padang-—-rn 5 17 (213
D [T] 4 4.3
Anthropomehnics.
Haight femi] 1323 = 8.6
Waight [lg] 31 =948
Bl Jogm) 235 =38
Abdeminal ci F o] gr3 =78
Hip cicumfmrercs [em) 103.4 = B2
[ Wital signs
Puizs roriw [ frinuie] TRE =31
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Tysiclic blocd prezsurs [r-vnHaI 128.1 = 308
Diostolic Elood pressurs (mmiHg) 8.0 = 126
Creatinine (mg,dL} O.BL = 3.1F%
=LF3 Ta4 = 17.8
312 [pmol/Lj-——madiar imin-max) 235.6 (121.5 - 14448.7 |
= 130 [deficimney]-—n (T 7 [E.TS]
= 130 [rarmalie—n %) 73 (F1.25)
MMA [renclil] 2320 = 43.9
=210 | dwficimry——r (3 50 (723}
= 3D Inormal} (%) 22 [3a7.7)

Tahde 2: Serum MMA Concentration Based on Quartles of Serum Cobalamin

Seram Cebalomin |pmiod L
<l (= | QI [Z0Z - (= | @3 [T - = | Q4 i=
201 08 311 =)
niE] 21260 |21 260 18 22,4y 20 {25)
AR 2039 = |IFII:XSS | BRLFETOF 2374 =
[remel L 37.5 S07

-

Cirin ore sxpreased o maan = 50

'.Cdgr-i'ﬁ:nﬂ inter-quartile diferences (ore way Arowva] p=0.043
“Significont dfisrercos with G1 |L3D post hoc et} p=0.047

Ir: Tobis T ars pessrsd e mson ond mordond
dwigticn of MMA inder-guarile concentroticns by
zmrum. Tha MMiA
concertration did not decrecss cornmmsensly wTth

cabalomin  coresnirahicn.

increazing ccbalamin concentrotior. The resuliz

of immrquortile ons-soy  Ancva  shoewd a
signdficant difference of p=0L040. The sgnificand
diferarce waz in the fhird guardle az caompansd
with she first quartile o p=0.047.

Takle 3: S5erum MMA Conoentration Based on Quartles of Serum Cobalamin

rudrient infoke X*35D

n=g0
En ol 1204.1 3547
Carbchydroim [ij 138.% = 31.8
P roriwin 40.5 = 133
Fr.rf[ij 447 =173
Yramin BE12 H.lﬂ 193 = 0.2
= 2.4 e B4 (797}
=24 ug ;ﬂ.’fﬂ 18 (203}

tha imoke: ond
micronuirients of Fie shady subpects. The majoriy
ef tha subjeciz had a vitamin B12 insake of < 1.4

Tobls 3 dhows of mocro-

Po. nomely &4 subjechs :.7?..'-'%-:. kaan wTEmin
B12 erdake of #w subjecis wan 1.73 = 0.2 pg.

Table 4: Possible Correlabions betworn & Numbers of Variables in the Study Sabjeos

Wariohis Cormelofion p wolue
poetficient jr]
| Age
g3132 a2y 0.274
Mt 0100 3,932
E1Z
AR, 0.2 QU043

Spsorman ccerelotion test, g 0U00 sigrificant dfference
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Tolbls 4 shows shot thars wars o sigrificant
cormloticen of oge with wsamin 12 ard MRS
Frem tha resuby of tha Spasoman corralation e,
for cobalomin and MMEA thes resuling rowas -
0.233 =t p=0.047, indicoting thet thams waz a
lewr pmerrmloticr betewan e,

DISCUSSION

WMamir, B17 deficercy iz a  Fwguently
sreourdernd e e in tha wlzarly
F-:lpu-:rl-n-ﬂ"“. Iri the pressrmt stody i wos fouwnd

thaxt tha prevalencs of wiamin E17 defisarcy
bozed ocn a cobalomin corcentration of < 150
pnedfL =ae 073 % of the wldarty fermale: [Tak's
1] The definition of viamin B12 defcmncy in #hia
shedy wmz @ cobaolmin concandoticn of < 130
pnedfL, in accordonce with @& cub-off point vsed
by tha WHT zircs 000 T Thaz sud-ef maind iz
thes most freguecdy used for the diogrean of
witamar: B12 dehcimncy Y The oreeclence Found
in e preoscd shady ogresd with the supposiion
thet fhim wea of thiz cvt-off paint wewld result in o
pravalencs of vitamin 817 defcsncy of around 3-
13% "™ Thae prwvalence of wHamin B17 deficarcy
cirioirad in the pressrd shedy wos highar $han the
rezuhts of @ U sumasy with o prevalencs of ogs
4059 ymars of zsreued 4 % ooed of oge = 70
yearz of orcund 8% *. The diferescs maoy have
b dus 8o thae foct thot tha LS 2 o developsd
courdny, wherss: Indorsasia iz 2l in the cofesary
of devwsloping cowmines. A vomd by Allen,
waamin B12 deficarcy in davelopad coumnsas i
fraquenty found, b @ momw commen in
devslaping courtriss " The chedy resuls of
Ehcdakandehlco shoewd o prerolernce of vshamin
E1Z deficarcy of 22.3 % in sldery famals =ith
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nmiclfL [Table T Thi=s irdicohes thot the MMMA
conceninoticn wos olrsody increassd in slderky
withi @ viamin B2 concerirafian sat war shll
within tha low normal comgery (not yat < 130
preiel /L] s thet i ooy tha cobalamin axmminotion
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o 271 mrnedVL was vaed . The dSw-snces in cut-
= lwvels for defermirirg viamin 312 deficiency
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CONCLUSION

In condusion, tha maubs of the precssnt shudy
indicale that the prevalencs of wBamin 812
deficiency bosed on cobglomin concengnofion iz
lowaer than thot bozed on MAA concendroicen
7% vz TR, Thiz moay bead to mizdiograsia
or deloy of tecimant i the polerd becouse of
mizlaadingly reemmal cobalamen results. BMMA iz a
mare msnzitve bicmaorksr $han cobdlomin for
datermiring funcicnal viamin B12 dehoarcy in
sldariy famales, bud it should be cocerimined Hhel
tha subjects have nermal reral furctian,
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ABSTRACT

Cobalamin as surrogate biomarker of vitamin B2 has various limitations. There are several other markers that
can be used to determine the vitamin B12 concentration in the body, such as methylmalonic acid (MMA). The
objective of this study was to determine the prevalence of vitamin B2 deficiency using appropriate cut-off
[Beels of cobalamin and MMA and to determine the relationship between cobalamin and MMA as biomarkers
of vitamin B12 deficiency in the elderly. This study was of cross-sectional design and was performed on 80
elderly women aged 60-75 years, from January to April 2019. All subjects were asked to fill in a questionnaire,
then the subjects meeting the inclusion and exclusion criteria underwent examination for anthropometric
measures, vital signs, dietary recall, food frequency for vitamin B12, serum MMA and cobalamin. Data analysis
was carried out with inter-quartile one-way Anova and the Spearman test between MMA and cobalamin
concentrations, at level of significance p of < 0.05. The prevalence of B|2 deficiency based on cobalamin was
8.75%, whereas the prevalence based on MMA was 723 %. The MMA concentration did not decrease
consistently with increasing inter-quartile cobalamin concentration. The results of the Spearman test showed a
low negative correlation between cobalamin and MMA, with r = -0.233 and p<0.043. In conclusion, the
prevalence of B|2 deficiency based on the MMA concentration was higher than that based on the cobalamin

concentration. There was a weak negative correlation between cobalamin and MMA concentrations.

Keywords: Methylmalonic acid, MMA, cobalamin, elderly, vicamin B12 deficiency

2

ﬁTHQDUCTlON

Vitamin B12 (cobalamin) deficiency is a frequently
found condition in the elderly, that tends to
increase with increasing age [1,2]. Cobalamin is
an essential vitamin that is required by the body
and is used in various enzymafic processes
throughout the body. The main function of
cobalamin is to synthesize deoxyribonucleic acid
(DNA) in the bone marrow and to maintain
myelin in both the peripheral and the central
nervous system [1]. If undetfected, vitamin B12
deficiency may  result  in  [Peversible
neurocognitive abnormalities [2]. The prevalence
of vitamin B12 deficiency in the elderly ranges
between 5% and 40%, depending on the
definition of vitamin B12 deficiency that is used
[3,4,5]. Severe vitamin B12 deficiency rarely
causes difficulties in diagnosis; however, it is the
initial stage of the deficiency that is difficult to
diagnose [3]. This is due to the fact that almost
50% of patients with the subclinical condition has
a normal cobalamin concentration [6]. Since the
signs and symptoms of vitamin B12 deficiency are

frequently not encountered at the onset of the
deficiency, special attention should be paid
especially in persons known to be at high risk of
this condition [3]. The causes of vitamin B12
deficiency are categorized into three groups,
namely abnormal gastrointestinal absorption,
inadequate nutrient intake such as in vegans and
elderly persons, and increased requirements for
vitamin B12 such as in hemolysis and leukemia.
Among the above-mentioned factors, the main
cause of vitamin B12 deficiency is inadequate
intake of foods of animal origin, such as meats
and eggs [1].

Currently, the CDnCEnTrUﬁO%UT-Oﬁ point
recommended by the WHO is <1Z0 pmol/L (200
pg/mL). The WHO has used this cut-off point for
the diagnosis of vitamin B12 deficiency since
2008 [7]. Up to now there is no consensus or
guideline on the cut-off point for the diagnosis of
vitamin B12 deficiency [8,9,10]. The diagnesis of
vitamin B12 deficiency is usually established on
the basis of clinical symptoms with additional
laboratory results such as a low cobalamin
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concentration and increased homocysteine or
methylmalonic acid (MMA) concentration [8,11].
If vitamin B12 deficiency is suspected on clinical
grounds, the laboratory examination requested is
usually the cobalamin concentration, full blood
count, and peripheral blood morphology. The
latter  will vyield the classical picture of
megaloblastic  anemia, but frequently this
condition is not seen, especially in moderate
anemia [11,12]. Determination of the cobalamin
concentration is usually recommended if a patient
with macrocytosis is found, but macrocytosis with
or without anemia is not sensitive and not specific
for establishing the diagnosis of vitamin BER
deficiency. This is because macrocytosis may be
found in other conditions, such as folate
deficiency and the myelodysplastic syndrome, and
more than 84% of cases will not be diagnosed if
macrocytosis is the only basis for screening for
vitamin B12 deficiency [8,13,14].

Determination of the concentration of vitamin B12
can at present be performed and is relatively
inexpensive '*. What need to be considd®d are
the limitations of using cobalamin for the
diagnosis of vitamin B12 deficiency, such as the
inconsistency  between  serum  cobalamin
concentration and clinical vitamin B12 deficiency,
so that more sensitive screening methods for
vitamin B12 deficiency are needed. One of them
is by measuring vitamin B12 metabolites that
accumulate as a result of vitamin B12 deficiency,
among others the MMA concentration [6,15].
Methylmalonic acid is the end-product of the
breakdown of amino acids into methylmalonyl
CoA in the citric acid cycle [1]. Vitamin B12 is
required for the conversion of MMA into succinyl
coenzyme A. The presence of vitamin B12
deficiency in the tissues will increase the MMA
concentration both in plasma and the urine, even
though the serum cobalamin concentratiof is
within the normal range [6,14]. The gold
standard for determining vitamin B12 deficiency
is an increased MMA concentration [8]. The MMA
concentration increases with decreasing vitamin
B12 concentration, but the MMA concentration
may also increase spuriously in subjects with renal
disorders, bacterial overgrowth in the small
intestine, and hemoconcentration. Even with these
limitations, an increased MMA concentration
nearly always indicates vitamin B12 deficiency
[11]. The use of MMA for determining functional
vitamin B12 deficiency Bls still infrequent,
particularly in the elderly. The aim of this study
was to determine the prevalence of vitamin B12
deficiency by using the cut-off levels of cobalamin
and MMA and by Bmparing cobalamin and
MMA as biomarkers of vitamin B12 deficiency in
the elderly.

METHODOLOGY

Research Design and Study Subjects

This study of cross-sectional design was
performed from January 2019 to April 2019. The
inclusion criteria were elderly females aged
between 60 and 75 years who resided in
Mampang Prapatan District, South Jakaria,
agreeing fo participate in this study (by signing
informed consent), not suffering from stroke and
other terminal diseases such as malignancies,
diabetes mellitus, renal failure, and myocardial
infarction. The exclusion criteria in this study were
use of corticosteroids, hormonal replacement
therapy, and vitamin B12 and folate supplements.

Questionnaire and Measurements

One hundred elderly females meeting the
inclusion and exclusion criteria were interviewed
by four interviewers (with minimally senior high
school education or equivalent) who had received
prior training on the aim of the study and the
filling-out of the questionnaire. The questionnaire
comprised the subject’s name, age, address,
diseases suffered, supplement and medications
taken. The study subjects meeting the inclusion
and exclusion criteria were asked to fast for
minimally 12 hours prior fo blood collection for
laboratory examination. They also underwent
physical examination comprising blood pressure
using @ non-mercury sphygmomanometer/digital
sphygmomanometer, pulse rate using «a
stopwatch, temperature, weight, height, hip
circumference and abdominal circumference.

Laboratory Examinations

From each of the subjects a volume of 10 mL
venous blood was drawn, to be made into serum
for creatinine measurement and the rest stored at
minus 20°C for simultaneous examination of
cobalamin  and MMA concentrations. The
examination of cobalamin used the fluorescent
polarization immunoassay, whereas the MMA
examination used the enzyme-linked
immunosorbent assay (ELISA). The cobalamin
concentration is said to indicate B12 deficiency if
it is < 150 pmol/L (200 pg/mLl) and the MMA
concentration is said to indicate B12 deficiency if
itis > 210 nmol/L [7].

Food Frequency Questionnaire

To determine the daily food intake of the study
subjects, particularly of vitamin B12-containing
foods, dietary recall was carried out on 2 working
days and 1 Saturday/Sunday or holiday and
interviews using a food frequency questionnaire
fo determine the intake of vitamin B12-containing
foods were performed by 2 trained enumerators
(nutritional personnel).
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Statistical Analysis

The data were analyzed using Statistical Package
for Social Science Students (SPSS) software version
21. Normally distributed data were presented as
mean =+ standard deviation (SD), whereas non-
normally distributed data were presented as
median and minimum-maximum range. To find
a correlation between cobalamin and MMA
concentration, the Pearson correlation test was
used for normally distributed data and the
Spearman Rho for non-normally distributed data,
a value of p < 0.05 indicating significant
differences. The inter-quartile one-way Anova was
performed to analyze MMA concentration based
on quartiles of serum cobalamin with p value <
0.05.

Ethical Clearance

Informed consent was obfained affer the subjects
clearly understood the goal of this study and were
willing to parficipate. This study obtained ethical

Characteristics of the Study Subjects

clearance from the Faculty of Medicine, Trisakti
University, under no. 136/KER/FK/1/2019.

RESULTS

Of the 100 subjects who agreed to participate,
there were 20 subjects who were rejected,
because among them 10 persons were under 60
years of age and the other 10 persons were
absent during the study. The mean age of the
subjects was 65.4 + 4.2 years. The most frequent
educational status of the subjects was elementary
school graduate in 33.8% and senior high school
graduate in 33.8%. The majority of the subjects
were refired (80%). The anthropometric data and
vital signs are shown in Table 1. For the
cobalamin [vitamin B12) concentration, the
median was 255.6 pmol/L with lower and higher
infer-quartile ranges of 121.5 and 1446.7
pmol/L, respectively. Most of the subjects (73 or
91.25 %) had a B12 concentration of = 150
pmol/L or belonged to the normal category.
Based on MMA concentration, the number of
subjects with @ normal vitamin B12 concentration

was only 22 (27.7 %) (Table 1).

Table 1: Characteristics of the Study Subjects

Characteristic X + SD (h=80)
Age (years) 65.4 + 4.2
< 65---n (%) 42 (52.5)
= 65 ---n (%) 38 (47.5)

Gender

Female ---n (%) 80(100)
Education

No schooling 5(6.3)

Elementary school---n (%) 27 (33.8)

Junior high school---n (%) 17 (21.3)

Senior high school ---n (%) 27(33.8)

Academy ---n (%) 4 (5)
Employment status

Employed ----n (%) 16 (20)

Unemployed ---n (%) 64 (80)
Ethnicity

Javanese-------n (%) 46 (58.1)

Sundanese------ n (%) 9(12)

Betawi-----n (%) 4 (4.3)

Padang-----n (%) 17 (21.3)

Other---n (%) 4 (4.3)
Anthropometrics

Height (cm) 152.3 + 6.6

Weight (kg) 59.1 + 9.6

BMI (kg/m?) 255 + 3.8

Abdominal circumference (em) 87.3+78

Hip circumference (cm) 103.4 + 8.2
Vital signs

Pulse rate (/minute) 79.8 £ 5.1

2726l International Journal of Pharmaceutical Research | Oct - Dec 2020 | Vol 12 | Issue 4




Pusparini et al/ Cobalamin and Methylmalonic Acid as Biomarkers of Vitamin B12 Deficiency in Elderly

Systolic blood pressure (mmHg) 126.1 = 20.6
Diastolic blood pressure (mmHg) 80.3 + 12.6
Biochemistry
Creatinine (mg/dL) 0.84 + 0.19
elFG 76.4 *17.8
B12 (pmol/L)----median (min-max) 255.6 (121.5 -1446.7 )
< 150 (deficiency)----n (%) 7 (8.75)
= 150 (normal)--—-----n (%) 73 (91.25)
MMA (nmol/L) 252.0 + 65.9
>210 (deficiency)-----n (%) 58 (72.3)
< 210 (normal)-------n (%) 22 (27.7)

Table 2: Serum MMA Concentration Based on Quartiles of Serum Cobalamin

Serum cobalamin (pmol/L)
Ql (=]1Q2 (202 - (= | Q3 (299 - (=| Q4 (>
201) 298) 511) 512)
n(%) 21 (26.3) | 21 (26.3) 18 (22.4) 20 (25)
MMA 2639 =+ |277.5=*57.5 221.7 + 78.7° 2394 =
(nmol/L) SYED 60.9

Data are expressed as mean + SD

ISignificant inter-quartile differences (one way Anova) p=0.043
Significant difference with Q1 (LSD post hoc fest) p=0.047

In Table 2 are presented the mean and standard
deviation of MMA inter-quartile concentrations by
serum cobalamin concentration. The MMA
concentration did not decrease consistently with
increasing cobalamin concentration. The results

of interquartile one-way Anova showed a
significant difference ot p=0.043. The significant
difference was in the third quartile as compared
with the first quartile at p=0.047.

Table 3: Serum MMA Concentration Based on Quartiles of Serum Cobalamin

Nutrient intake X+ SD

n=80
Energy (keal) 1206.1+354.9
Carbohydrate (g) 156.9 + 51.8
Protein (g) 40.5 + 13.3
Fat (g) 447 +17.3
Vitamin B12 (ug) 1.93 + 0.2
< 2.4ug (n/%) 64 (79.7)
>2.4 ug (n/%) 16 (20.3)

Table 3 shows the intakes of macro- and
micronutrients of the study subjects. The majority
of the subjects had @ vitamin B12 intake of < 2.4

ng, namely 64 subjects (79.7%). Mean vitamin
B12 intake of the subjects was 1.93 + 0.2 ug.

Table 4: Possible Correlations between a Numbers of Variables in the Study Subjects

Variable Correlation p value
coefficient (r)
Age
B12 0.127 0.274
MMA -0.100 0.932
B12
MMA -0.233 0.043*

Spearman correlation test, p< 0.05 significant difference
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Table 4 shows that there were no significant
correlations of age with vitamin B12 and MMA.
From the results of the Spearman correlation test,
for cobalamin and MMA the resulting r was -
0.233 ot p=0.043, indicating that there was a
low correlation between them.

AISCUSSION
Vitamin B12 deficiency is a frequently
encountered condion in the elderly

population' ¢, In the present study it was found
that the prevalence of vitamin B12 deficiency
based on a cobalamin concentrafion of < 150
pmol/L was 8.75 % of the elderly females (Table
1). The definition of vitamin B12 deficiency in this
study was a cobalamin concentration of < 150
pmol/L, in accordance with the cut-off point used
by the WHO since 2008 7. This cut-off point is
the most frequently used for the diagnosis of
vitamin B12 deficiency '®'?. The prevalence found
in the present study agreed with the supposition
that the use of this cut-off point would result in a
prevalence of vitamin B12 deficiency of around 5-
15 % '® The prevalence of vitamin B12 deficiency
obtained in the present study was higher than the
results of a US survey with a prevalence at age
40-59 years of around 4 % and ot age > 70
years of around 6% °. The difference may have
been due to the fact that the US is a developed
couniry, whereas Indonesia is still in the category
of developing countries. As stated by Allen,
vitamin B12 deficiency in developed countries is
frequently found, but is more common in
developing countries ®. The study results of
Khodabandehloo showed a prevalence of vitamin
B12 deficiency of 22.3 % in elderly females with
mean age of 73.7+ 5.7 years 2% Vitamin B12
deficiency increases with increasing age *'.
Epidemiologic data show that the prevalence of
vitamin B12 deficiency ranges between 6% and
40% 2. The prevalence of vitamin B12 deficiency
increases after the age of 69 years in a survey
conducted in England, offecting one in 20
persons at age 65-74 years and af least one in
10 persons at age over 75 years 224,

The median vitamin B12 concentration in the
present study was 255.6 pmol/L. The study of
Khodabandehloo et al. reported a mean B12
concentration of 295 + 170 pmol/L in their study
subjects™, whereas the study of Wolters et al. in
Germany showed that the mean serum
cobalamin was 290 + 98.1 pmol/L*. The
difference in cobalamin concentration between
the present study and the other two may have
been due to the fact that the intake of cobalamin-
containing foods was lower in the subjects of the
present study, as supported by the results of the
food frequency questionnaire inferview, showing

that the mean vitamin B12 intake of the subjects
was 1.93 + 0.2 ug (Table 3). This value is lower
than the Indonesian Recommended Daily
Allowances (IRDA) of 2.4 Lg as recommended by
the Indonesian Department of Health (Depkes)®®.
The most common cause of vilamin B deficiency
in menopause, including vitamin B12, is an
inadequate intake. This may be due fo increased
requirements in  menopausal women, to
malabsorbtion caused by intestinal disorders, to
diseases requiring medicines that interact with
vitamin B metabolism, and to alcohol abuse, all
significantly affecting the concentration of all
members of the vitamin B group? .

Based on an MMA concentration of > 210
nmol/L, the prevalence of vitamin B12 deficiency
in the present study was found to reach 72.3 %
with mean MMA concentration of 252 + 65.9
nmol/L (Table 1). This indicates that the MMA
concentration was already increased in elderly
with a vitamin B12 concentration that was still
within the low normal category (not yet < 150
pmol/L) so that if only the cobalamin examination
is used, the condition of a functfiflhal vitamin B12
deficiency may not be detected. Cobalamin assay
@ recognized to be potentially unreliable because
serum cobalamin measures cobalamin bound to
the 2 circulating binding proteins, haptocorrin
and franscobalamin (TC), and it is only the
approximately 20%-30% of cobalamin bound to
TC (i.e., holotranscobalamin) for which there is a
receptor-mediated cellular uptake 7'%°. The
function of haptocorrin is currently unknown, and
low haptocorrin  concenfration, found in
approximately 15% of persons with low serum
cobalamin, could be one of the most common
causes of low cobalamin concentrations '7.
Therefore, there is a need for the MMA
examination, MMA being o metabolite that
accumulates in the body when there is vitamin
B12 deficiency, particularly in individuals with
low-normal cobalamin concentrations (150-221
pmol/L) % Methylmalonic acid is the gold
standard indicator for determining vitamin B12
deficiency with a cut-off point of = 210 nmol/L in
patients with normal renal function 3. Serum
MMA has a sensitivity of 98.4 % in diagnosing
vitamin B12 deficiency *°. The study of Carmel et
al. who used the same MMA cut-off point as the
present study, reported an increase in MMA
concenfration in 55.1 % of the elderly 2*. The
study of Wolters et al. in elderly females with
mean age of 63.2 + 2.73 years found only 10 %
of subjects with increased MMA concentration.
The difference with the present study lies in the
fact that in Wolters’ study an MMA cut-off point of
> 271 nmol/L was used ?°. The differences in cut-
off levels for determining vitamin B12 deficiency
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results in differences in prevalence that are
encountered in the studies on vitamin B12. In
addition, the use of MMA only for establishing the
diagnosis of vitamin B12 deficiency may lead to
overdiagnosis. Based on the above-mentioned
results the use of MMA is recommended in
subjects with low normal B12 or with symptoms of
vitamin B12 deficiency but with normal blood
cobalamin concentration . What may have
caused the difference in prevalence between
these studies is the possibility of alcohol intake in
the study of Wolters influencing vitamin B12
absorption %, whereas in the study by
Khodabandehloo there are no data on vitamin
B12 intake?®. The main causes of cobalamin
deficiency in the elderly may be categorized into
two groups, i.e. inadequate dietary intake and
abnormalities of vitamin B12 absorption, such as
in pernicious anemia, gastric atrophy, post-
gastrectomy, and ileal resection %2, Although
MMA is more sensitive and specific than
cobalamin, there is a need for a cautious
interprefation of the MMA  concentration
especially in elderly with decreased renal
function'.

Table 2 shows that the MMA concentration does
not deaease consistently with the increase in
cobalamin concentration. This is also supporfed
by the fact that there is a significant inter-quartile
difference (one-way Anova) with p<0.043. The
results of post-hoc analysis show that the
difference lies between the MMA concentration in
the first quartile and that of the third quartile,
whereas the other quartiles do not show a
difference. These study results are in line with the
study results of Wolters et al. in that MMA
concentration does not decrease consistently with
increasing cobalamin concenfration, at p=0.001,
with post-hoc results also showing differences
between quartiles 2 and 4 ?°. These results agree
with the results of the correlation analysis,
showing a low correlation between MMA and
cobalamin concentrations.

Table 4 shows that there is no relationship of age
with vitamin B12 as well as with MMA
concentration. This differs from the results of the
study by Khodabandehloo et al. who state that
there is a negative correlation between B12 and
age, with r = -0.337 and p=0.001. This may
have been due to the fact that the age of the
recruited subjects in this study ranged from 60 to
75 years, whereas Bh the study of
Khodabandehloo et al. the mean age of the
subjects was 73.7 = 5.2 years. As is well-known,
with increasing age there is also a decrease in
renal function. In the present study the mean
creatinine concentrafion of the study subjects was

0.84 + 0.19 mg/dL, whereas in the study of

Khodabandehloo et al.
concentration in males and females was 1.7 +
0.3 mg/dL and 1.4 + 0.3 mg/dL, respectively 2°.
The decrease in renal function results in an
increase  in MMA  concenfration.  Between
cobalamin and MMA a low negative correlation
was found in the present study, with r = -0.233
and p=0.043. This is in line with the study of
Wolters et al. who showed a significant negative
correlation with r = -0.25 and p=0.001 . This
agrees with the prediction that MMA is the
metabolite that increases in vitamin B12
deficiency.

The limitation of this study lies in the fact that the
subjects were exclusively elderly females and did
not comprise sfill older persons. There is a need
for early detection of vitamin B12 deficiency in the
elderly using other vitamin B12 biomarkers, in
addition to cobalamin, particularly in subjects
with low-normal cobalamin concenirations or in
subjects with clinical symptoms of vitamin B12
deficiency but whose cobalamin concentration is
still within the normal range. There is also a need
for input fo Indonesian food policy makers for the
fortification of foods with vitamin B12 so as to
ensure an adequate intake of vitamin B12 in
accordance with the recommendations in the

Indonesian RDA.

the mean creatinine

CONCLUSION 3

In conclusion, the results of the present study
indicate that the prevalence of vitamin B12
deficiency based on cobalamin concentration is
lower than that based on MMA concentration
(8.75% vs 72.3%). This may lead to misdiagnosis
or delay of treatment to the patient because of
misleadingly normal cobalamin results. MMA is a
more sensitive biomarker than cobalamin for
determining functional vitamin B12 deficiency in
elderly females, but it should be ascertained that
the subjects have normal renal function.
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