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Abstract

Previous studies have established the risk of bone loss among people living with HIV
affected by antiretroviral therapy drug side effects and inadequate nutrients intake. Until
recently, there have been limits on using the medical nutrition therapy to improve dietary
habits for improve bone health among people living with HIV. This was a randomized
control trial study aimed to investigate the effectiveness of medical nutrition therapy in
improving the bone health in people living with HIV by promoting dietary habits. PLHIV at
the Queen Savang Vadhana memorial hospital were randomly identified (by quota sampling)
to MNT group (intervention group) and control group. One hundred and thirty PLHIV were
recruited to participate in this study by convenient sampling. Sixty five participants of MNT
group made a totally 6 appointments (12 weeks) to meet registered dietitians for receiving
medical nutrition therapy to improve dietary habits for improving bone health. While 65
participants in control group received only routine care at hospital service center. In general,
participants in MNT group had significant higher amount of nutrient intakes (calcium, vitamin
D, potassium, and phosphorus) and length of exercise than control group after finishing the
final week. Also, participants in MNT group had significant increase in amount of calcium,
vitamin D, potassium, and phosphorus intakes and length of exercise after final week
compared with before intervention. In conclusion, medical nutrition therapy is effectiveness
for improving food habits and physical activity to promote bone health among people living

with HIV.



GUEVRVELN

AnAnsIUUIZNA
unAnganwlng
UNAREDNIINE Y
ansUnyiSes
a13UyA1IN

L2 s

dnustaLardydnyd
und 1 unih
1.1 ansdusnuaganuanfyvesgm
1.2 InqUszasRvadlasein1ide
1.3 Uselenifinainaglésu
1.4 VOULURAYBILATINITIVY
unfl 2 55ansTukaruiteTieades
2.1 Ygdnunmglasunnsvesindeierle
2.2 amgnsgaydsinanszgnuasindeietled
2.3 MsilaguinUnn1enIsunmg
unit 3 3Rufunside
3.1 pamuLa3asiodde
3.2 gnanadmsiidlunisfinm
3.3 SupoumsiTe
3.4 MATIEVoyaNeats
unil 4 nansIde
4.1 doyafiugiuvesenanasing
4.2 Ysganswaresn1siilaguirvanienisunmg

unil 5 oRUTIEHANTIdY
5.1 afUseNanNTIdY
5.2 @asunNansivey
5.3 guassalun1smideuavdelauouuy
FeUaTUNTRUYedlATINTITY
UITUYNTY
Useinnauesidy

W W N

N

11

12
12

17
19
19
20
21
25



o/ dl 1
#15U8YL309 (D)

ANAKUIN
AIANWIN N quaaumwﬁauﬂaﬁugmﬁuaqmmaﬁm
AMARLIN ¥ WUUABUAILNGANTIUNITFUUIETNIUR I SHagngAnssuluTinUsediu
AANUIN A wuuduiindeyan1ssulsemueIms 3 Ju
AANUIN ¢ BUUSUTDIITEFITUNNTIFY
AARLIN 3 TnusauatudmnsuAiuisanTuIUIYIR

30
32
34
38
40



A15URYA131

P31 1 Feyaiiugiuresoratnaiouiisussringuiildsulautiamenisunme (MNT)
funguAluAy (Control)

M99 2 deyamisuussmusmsuaznseenidameluduaninsnuazduavianvneves
maiuteya Wisuileuseninnguvaaesiunguaiuay

13797 3 uanstoyaUTInuMsTuUsTIMUIIMNsLAaEMIRnidseveseraaiasngy
neaoUSeuLguTEnINdUa L sniazdUnvigning veIn1sie

13797 4 uanstoyaUTinumMsulsEuesLarMIoanindsnevesenanaiias

nauAIUANIB U UTEnINEUA ML INUAZEUA IR YBINTIRY

i)
13

14

15

16



L

dnwsdauaayanual

AIDS Acquired Immune Deficiency Syndrome
ART Antiretroviral therapy

CD4 Cluster of Differentiation 4

DEXA Dual-energy X-ray absorptiometry

HIV Human Immunodeficiency Virus

It Illinois

Inc Incorporation

U International Unit

kcal Kilocalories

MNT Medical Nutrition Therapy

mg Milligram

ml Milliliter

mm Millimeter

n Number

PASW Predictive Analytics Software Statistics
RDA Recommended Dietary Allowances

REE Resting Energy Expenditure

SD Standard deviation

SPSS Statistical Package for the Social Sciences
TEE Total energy expenditure

uL Micro littre

UNAIDS United Nations Programme on HIV/AIDS
us United States of America

WHO World Health Organize



1.1 anandunuazanudrAgvasdym

\0%oT %30 Human Immunodeficiency Virus (HV) «Hulsafindedideidutaymsnu
anssauguiidfyegauninanevialan  dwaviligndefinruunndosluszuuniduiu vl
Tonainnmzunsndeuninnisinidoatslonta sauluduhliseneinnudosnisndsnuain
pwnsTisulssuiintu ufinemdssionisfnamgnmlasuinisfisdu (Obi et al, 2010) win
fandolildsunsguasnunioliliusiudolata feiaunlugniadu Acquired  Immune
Deficiency Syndrome  (AIDS) mmwmuwu*jwﬂa@ﬁ’uﬁ;ﬁamL%@Laﬂaﬁﬁﬂaﬂ 34,000,00051¢
(UNAIDS, 2011) ghulutszindlne dsisanunsinideedleluussmna 430,000518 (Department of
Disease Control, 2014) %aﬂamLﬁ'ﬁyamﬂé’%’umﬁmﬁah%’a Antiretroviral therapy (ART) lefisesiu
iiaiden Cluster of Differentiation (CD4) anawiasnusinsitadeveaunne ileansuiu
deluume dlsRadelidinmieunuiluldunalufia Tefuugihdulnvunaiitedestu
amgynlasuinisuasmainlsauwnsndeuludinideiovleiu Wesnndindelotledfinmaiiums
wmangndsnulusngindeuidiuinniy Jeududedldundsnuanansomnadiutu Taglugfo
Foiiliiflornisuansiu Sduuzidilunisldsundanuiifiaty 10%  dugfodeiivanseinis
Fuuziilunsldsundsnuanmsiulsenuewsmniuiu 20% desnwssduiniinglvasd
(Hsu et al, 2005) Fariy Q’amLs??aLaﬁiaﬁﬁaﬁmmL?zismGiamiLﬁmmwnmmmmsmﬂﬂdmuﬁ"ﬂU
dounmnarudesnsdsnuuararse st iiuuintu Inelsmenuiaaudanssususem
A5 aninvale nesadled wa. 2445 Wumhsnunieluanmealvedifununengsnssy
Tiusnistunislieusnulsafnsenanaduiug wu lsaend lsndida lafadudniaud Wudu
suhemdelindootleTlumsnmamaniunsaifinie WeUinw nsfw uagnisinanu
UizLﬁummimmSﬁﬂLLazﬁmmasimjmm?uméﬁmL%a aerfuantuneruiaduiuimilies
Ustinalve Tumspuadinidoletleosnansuises segiiduneaism dmiavay3

nsgayideadansegn Bone loss) saulutadymdumiieaiunsegn Wy nnensegnngy
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{ngmmuimu'lmiéumﬁamL%@Lamlai'f]zwmﬁqﬁﬁﬁzgéq é’u%ﬂ'maﬁiaammw%imaaﬁaﬂL%a 1ag
gifmsninsAnlsnfifeadostunszgnidesnannsgapdemansegnlugfindeiovleTiuaunse
wulsigaannlutlagiu wasduywmiiingnuesiuangiiviausuansisagy (Ofotokun et al,
2011) Ssamguosmsguyidemanszgnludindelerloituuenainnisfulsemuemsiduunds
yoauaaLdon Infiud uuniieunazearedailiifismouds dufnuiannadnafssyesnis
Sulssmusdudelifaiineliiinn1ae Turnover vasnanszgn ilviinistuuaaisoonuain
nI¥RNIINTU (Haskelberg et al, 2012) fAnidaievloTisdanuidsdunsgapdoinansegnuaslfs
nanszuaNMstinneinszgnliudausannnitewily waglumsdnutagtunuguinisainislse
nszgnnguludfnioionloifigeegiann (Cazanave et al, 2008) dAwdudiuuzidmiuaw



Fosmsuaaidendadudinuszneundnveansegnogiussanaiuag 1,000-1,300 Tadniusefu
(Bhatia 2008) uilutiagtutiugilsifinsnuismnudosmunaidsuvesfindeiorleTlasiansus
og1dla fRndoierleTaldsudnunilisudssmuunadousuluiaianiud wuniideunas
Woanle¥aluuTuaufenfuanudesnisvesawill 9nsisnumsAniiinan wuin Ussinslu
UszindlneaiulvajingAnssunsiudsemuuaaiden Iaiuf wunideuuasreaedaildifivame
sonusoanislunsaziu (vanovitch et al, 2014) uenannil MediTinfiudsunuatiuvesaulve
lvmgAnssunmsduiatuuasuandielviieneldainsdnfuiiivifdhnuiuiuseadealunis
EsuANLTSIaInsEanianatlume inlrdmugdRnisainisviadanfiuflulssensivesiuly
faUszrnslusauituiiedeng fueendels (Nimitphong et al, 2013)

nslilavuirdaniesnisunmg (Medical Nutrition Therapy; MNT) @an1slvinisguaniu
onslrugaglunnedneg Taefinszuaunislunisfnnses Ysseiiunnuidssiunglnyuinis
n1sliadInyinuemisuazlavuinisianiglsa nsliadinwiniunisifanssulundas iy
(Physical activity) i'mﬁqmiammuLﬁaﬂizLﬁum'gz‘[ﬂﬁzjmmwaaﬁﬂw Lﬁaﬂhﬂumiﬁuﬁduag
duaiunisinuvesunnd Jafesenduanuiuazyszaunmsalantdnimuaemnsivdnlunisgua
AueImMskarlaruINswAgUlg MnuansAnwneunienuiuselevivenisiilaguindani
ﬂ'ﬁLmeﬂmndiwmqﬁL‘T]uﬂiziaﬂiﬁﬁiaﬁﬂaaléﬁ,‘i‘]uasmﬁ wu nslilasutitaiienistesiu
Tsaumuviad 2 wagnstilavudrdamenmsumdiiteguagitielsauueied 1 uazsiied 2
fareilugninglsnuaramnindinvesiUaelffusg1ei (Morrs et al, 2010) Auugiinslilawy
thdamsmsunmdnnzlsavasaidentiale lduafuuzthdunssulsenuemsaisflasius n1seu
Leanesed warn1soonidaniey Wudu Jawuiildrutisanlsaunsndeunazdnsnisnevesiiae
Tsalsadonialaldd (Adar et al, 2013) ludrudeyavesnislilasutidaludfndolorlodi 1
nsfnwreuntmuUssansuavesnslilasuttamamaunndlugindooyletiiioanseiulusiy
Tudon %aﬁﬁm%aLasnla?ﬁwqaﬂﬁums%’wsx‘mummiﬁﬁ%usm5&3’?53%16033’141145@@%%&@sm
fifod1Ay (Figueiredo et al, 2013) Tadamiguadiueslasliasemnsaduuigfnde.enlol
‘W‘UDTUDEILLﬁlﬂJﬂmﬁﬂIﬂﬂjUWmi“U’lﬂLLﬁuE)G]’i’]ﬂ’]’iG]’]EJLumu’]f\]’lﬂﬂ’]i‘m(ﬂﬁ’]iaﬁﬁ’]iﬂaﬂmWﬂL“UE)LE]“UIE]’JIG]
(Filteau et al, 2015) ag13lsfin fudsiimsfinedesslenvasnssussmuemsi Dusuds
VOIAALY L L‘ﬁmhsammiLﬁmquip,LﬁamaﬂszaﬂiuﬁamL%@Lamaii (Vecchi et al, 2012) uelu
Pagtudanauumndlunmsduadunisiuussmuesidulsslovidensygnlugfndeierlod 3s
Fuilunsfnwadeiiiefnundmavesnslilasutiamanisunnduddfndeionlefiuny
Uimsiilsaneuiaauianszususiawd a A5 lunisdaaunsiussnusmsitolasuaiig
aruudaussasnsgnuazanaudssienisgyideianszsgnuesiindeiovle’
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$191 awiavay3 $1mau 130 au defnwdssgdniuavesnsiilaruiidamenisunmslunis
duasumsiudsgmueimslaeyadulilaiuaisemsiiulsylevdseananszgn uiadungud
esulagutrdamsnsunmdiiledaaiunsiuussmuemsiiudslovidenszsgn waznguitldu
mMsuUInsquamuuuUnd imsiiuteyalasnstufingisnisemmsfisulsemuiteduiudiuna
ansensfildTulsemuvasoranalinsis 2 nduierFsufisunadunnivesnislflavutiitanmg
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unil 2
2TIUNTTURATHANUIL TN IV
2.1 Ygymdun1azlnsuinisvasgnnyateyla’

amlngumsiiaund vide ylasuinis aunsanuldunludnidoodled uazariouss
WdatumndAndelaildumssnu anmsdnulusniiiiuuwuii gRndessiiennsdisiuldud
hviinan gadeuiialusiunelusniine (Senwadda et al, 1985) Fanmeymlasunisludfinide
wrletiummnsofatuldnnuatsdade Tun mssuussmuemnsldlifissmedeaiufosnsnie
fymlunisgatuaisems nsidenan myeansinauvesssuvgeseIms saluissatnades
e TnemndAndedinnglasuinisiigusfagiulemalunsindeaislontaidesnnanssuy
nidufufidesaninas delusevesiinidofldsueduideliai dindearfimmdsdunsléty
naThaAINeIovdmarionglavMsle Faszuugesemsiduszuunmsvhaudiaziiilugnis
Fanznlavuinisldlansuazinazldsunansenuainenanndign seuvdesemnsazidussuu
mMehnuvesemeildfurnansenuiliesgszozusnFuiagldiue einsasdlaun fanuzdanzeu
pauld ondou ldesnemng Wudu (Chubineh et al, 2008) nathalfes Aenaanunsatlugnnie
ylnzunislévisanimdndiianas anageint1 uenaniludiuves Micronutrients wudhgn
Harerledlasueinilasansddmaliuinm Micronutrient lusnamewissdaandias 1wy 519
wian Wudy (Semba et al, 2002) FaruRatinsAnwivanen1san wenguun vl ninisein
ansemsUszn Micronutrient faedsmslfansemaaiadluundfndonuglufunssuendiu
delada wafildnuiitesnuiislunivanuasidau Aethelinmelnrunisvesdfndondunls
e udRfivanensAnuiinuinislansomsiasudnly Wldvildannemdasuinisvesdiaide
Auanldusednsla (Tang et al, 2000; Rousseau et al, 2004; Look et al, 2001) Fsan1unisal
wultudunnglnmunisvesindelutigtuiu iesaniamnisiunisunnduaseifldlugio
o shlsRaidoanunsninegldmiiouauund faiatiawazauesinemng Mldtagtugfnde
anunsaulssmuenslfiuunimiiouauiily uasiSudmalinnzdmdniiudeiedunieym
ImmmiﬁizmwﬁqLﬂi;ﬂfgﬁ'}ﬁﬂﬁﬁgﬁﬁ@hﬁﬁ@L%aiuﬂaﬁgﬁ’u (McCormick et al, 2014; Ogunmola
et al, 2014; Kim et al, 2012)

2.2 pemsgyidenianseanvasdiniateyle?

NNMENgIUNSANYITRIUIINUTN §anznsiianisgrydesnansegnifueimsunsndeud
ddyoehanileiinuldveslugindoiovle FannzmnuRinunfivesnszgniinuldvesludfndeletlo
F§urn1z Osteopenia waz Osteoporosis LAe7in1y Osteopenia  AoAEian1sanAI1Y
wuwiuresnanszgnas lvinansygniiaumuuiuion uazansaiannlugnisiinlsansgn
WU (Osteoporosis)  Malusuianuazitludnisiinnseaniin (Fracture)  danansznusienmnIn
Tinvsririuvesdinide ddutlagiufinenuigiinmsniigindeerleiinmeinvenszgniueyi
30-70% ﬁa'jﬁﬁé’m'}aﬁuﬁqqniwﬂﬁlnjﬁmwamL%a (Bonjoch et al, 2010; Borderi et al, 2009) 59


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ogunmola%20OJ%5Bauth%5D

awiaAnumuLiuresnansyniuamsailivaisds Taeisauitealudagtuldun dual
energy X-ray absorptiometry (DEXA) Gﬁﬂﬁﬁﬂ%’ﬁiwﬁﬁau%’wqa dmiuanmaveInIsiinnzgey.de
anszgnuasiindeiotlediu uenannissuussmuomisiuuvaswedusiulglifisawesie
AugeInshunda fuuda navnnslasuendudelfafdodulefenisiifiuamnundsdunis
guydeinanszgnuesdfinideiovled lasnalnvesmsiinnnenisgadenansegnainmsléuediu
ol fadulutegudtlimsuuidn uifinisfnuiiuansesnuieuduiusveanisldondu
hfafifidwilfeumuiureansegnuesiindeiololanas iy mafinuilul 2015 wudifiaed
141 Tenofovir ?z'}qL"f]umé’ml’s%’mﬁmwﬁﬁﬁaﬂ%‘luﬁa@L%JaL@ﬂ@%ﬁﬂﬁﬁmwwmLLu'wszma
nszgnianasiloldsuenldlusyes uamuamaqmmﬂﬂﬂdmﬂ@miamLaammamammwgamsa
LLavEJUENmnmwmmmmuﬂuiwmsJ sethunsldendilada Tenofovir Suiiuaruidsslunisiia
Tsanszgnnguldlugnitolenle? Gill et al, 2015) uazednuidola3adug 1wy Efavirenz wuiniin
Ran1svilisanieuadnndunasWeamnogagunss (Welz et al, 2010) uanaNil TeaunIIANYT
Aeunmihnilesuduiwaveanisiderduielsaiiiduieitestusoumsinsessduasiinanenis
fudansaanansegnlvl wasnsedunmsaaienssgnuiinanntu 9inssnudinaniannsnasuld
’iwmﬂﬁ%"umé'huL%@ia%’aﬁ]uﬁﬂ{]a%’wﬁmaﬂmﬁamﬂmi%’uﬂi“mummiﬁﬁﬂﬁﬁamL%@Laﬂla"?ﬁ
AmnudsszAnanegapdemanszgnliunnniteuill (Gutierrez et al, 2011) TaBuuInIensg
LmﬂﬁymmiLiamnumiqzymsmamu@mammmL%L@ﬁulmuu Mi’]ﬂﬂ’]Uﬂ’]iﬁﬂU’]WU’ﬂﬂ’]ﬂM
LmaL%EJ;JLLas‘imﬁuﬁLa%maﬂﬂiﬁQamL%@L@ﬁﬁl@‘i ansativanrnudsslunsgadentanssgnuesy
Andolavlesle (McComseya et al, 2007) s'z’iﬂuﬂa]agﬁulé’ﬁwﬁmﬁmeﬁmmiﬁagﬂuﬁammmi’m’m
unifiAuAsLAadey Indud uinfiuuaseanesaifdutisasuaiianuudusaensegn
aslulusudnsnet iiedielifuslaaldsuunaidon Fndiud wuniiBeuuaroanodauiniu sauly
feduuziilunseenidsne wuindinsdnwiselunaesuuuuilinansstufeseaninavesnis
aaﬂﬁwé’qﬁﬁmmé’mﬁuﬁ‘ﬁumil,ﬁu%(mmmamz@ﬂ (Todd et al, 2003) uenani nsloiamsls
Fudatunasunaduiudnuuammidsiiialdsanigldadrdafuituuils venmileainnis
fulsgmuos dsvuiildiutiedesiunnzgydeinanszgn waziaiuaiiananszgnliudause
Ful# (Holick 2004) TnefinmsAnufeamianiisenedudatunasunnudianansaduasziiniuled
P

galanAoylIaIUsennn 11.00-14.00 w11 (Harinarayan et al, 2013) wsiludagUudslyd

Y q
o

muuziwidateduuszeghaiasddaivaunnluwdaz iy dnnudazUseinalulanidiuiu
LAUARLAEANUTNTUYRILELAR TR ueanlY Fewdaslimsfnudeyamarisielulueuian

2.3 NN YUUIUANIINITINEG

nshilavuddanamsunnddmsugeluudazanniglsntulishimziaizasiunnsneiu
panluluwsazlsm 91n5189°UNSANWLUBAANHNIULT WUINITLALAYUUITANI9NTISHNNE T
UsgdnSuavigliUaelinaunm@isiituainiseiduls fegruguinis@nymaienisfinwinuiinig
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wun13SUUIENIY 81msmsdnfady BnnadglvigUienwdmdndaliegluinudilaegia



wiangal (Nikolic et al, 2009) drumsliflagusiiamsnsunnduntfndeetlotiu wuinsly
fUsnwiduemsuarlnsuInsuigindefivangay fduddnlunisdsligindoietleds
ngfnssunsfulsEmuMIsTingy Sedwmafiroannslavuinisuarannmdinvesiinide Tae
fuugidmilasuinisuidindeevleTtu wuluinmsligRndeietlotidensulssmuoimsi
Usglewd uazfouduemnsiiazonn iunisussan Lidafuinmusssuuazandenismaun sauily
fansdaaiulvigindoevletooniiduiulses ietsludemasnisinumandunie Yoaffu
nsavauveslufufiinniiuly wasfiesnwssdudmindliedlunasifiansay (Nerad et al,
2003) Fafiduugiinlunissulszmuomsdmiviindeeslotifieliifivaeronudeansves
579718 Iesuudlamdundsnuaine mis %wﬁuLLazmﬁaLLéﬁhmﬁqﬁ

2.3.1 ALY

Tudedlvenfaweierleindsliinisuanionns Auwugilumssudssmueimsaeaislasu
WAIWANTUYTZI 10 % VOINAIUNAITIATURDTIHRRINERATDA¥ilAN Resting Energy
Expenditure (REE) vsendsnuluraginiigiuiasivedesiuimdniianas luvusigingeievle
aaa aa Yo o a £ o N Yo 1w
ANTnsuaneINIINeAdTn MTIASUNAIURNTUUTENA 20-30 % UeINRIIUTIAslasURe Ty
Wisanlonanisiadenazlesiuliliniminianas

2.3.2 WsAu

nsbigAngeietledlasulusiusgraiisanedodudsdrfyegradslunisdigligfinge
anunsasiediumsinueld egnslsinulutagiudiliiideyaunnevzanunsaduduiieazaliuayuy
TiganweetloifulsemulusiuiuvulininniinudenisiugIuesseneudednsle

2.3.3 lasiu

va

Jagtudaldiiuugivsendangufeidvusunaludundindeesledaisiasudetu 41
esmatinuuaneaInAualiegnals Falluedwugdiieatudsuansiuussnuluduvesin
Wenldsusmudielhiainmsinnsandusieyaaaly

2.3.0 A0 ULAZLNADWS

fandoierlolasldunisduaiulifuussmuinfuuasindeussine salufueaidon
Fonfiud wundideuuazweanasa lildifiesweniu Recommended Dietary Allowances (RDA) il
Preesugifuiuluinme feinannudomunadealuusiay Tudu Tudluajegfiuszann 1,000
mg fofu Ao sindufegfiuszuna 600 IU Anudeansusnilideneeiiuszana 400 mg
sy Anufesniswoanesaogfiusyana 700 mg #edu (US Institute of Medicine 1997)
vasintulifmuunihiindeesletoiafesfussmaniuuasindensliuinnien RDA Fuly
3 uazmslimsonsauuidindeerletorafinnusniuiiewdinszuugiduiuresitne Wy
Iofiue dened FaTud wan Wudu (WHO, 2003)
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nsfnwiadsll fypuszasdifiefinuisssAninaresnisTilasutidamenisunndiiio
suavenuudusmomnszanluifndeiodled neisudisusswinnguildsulnsusinma
nsunngiunguaruauitldlasulasutivanisnisunndudlafunisguanagdiuugiiein
ANTUNLIUIALUULAYN

3.1 NMINAUILATEEHRITY
3.1.1 wuugeunuteyaiiug U (Baseline questionnaire)

UsTasArasMsRIwULaeUlife Welnliteyaiiugiuvesenaadasluiiumiieg e
91y assviuianie endn seldnedoun Useifinsduthevesnseuaiaieriunsegn seezand
l95ugnduie seAu CD4 warseau Viral load (M1AKLIN N)

3.1.2 WUUABUAUNGANTITUNISUUsEMUDIMSHasngRnssuludInUsed1iu

wuugeunuAmauUatsia (Open-ended questionnaire) Liadun1walo@@IATIABIAY

[

dadhuommsluusagnynsulsemuludne 1 Juiikuan (24 hours recall) laetindmuneinis

a

Tm%wu“;JuﬁﬁumwaﬁmmaﬁmLLaw‘m'ﬁﬁ]mﬂ’uﬁﬂ%’auaiw,muaaumu Toyaa1n M INtegNuILN
IATIEATIUIUNAIU mﬁmumawamu SufaUSIweaY IR wundWeuwarveanasa

a

NorananAsTuUTENIU ‘Ll’e]ﬂﬁ]’]ﬂu LL‘UUE‘?EJUZ’I’]ME’I&JJ’I’]‘HGJQQWQ@ﬂiiuﬂ’ﬁ@@ﬂﬂ’la\‘]ﬂ’]ﬂiu 1 Ut

b

9naatAsinIseanmadinieegatiesdunviay 2-3 Tu ATIALeENlRY 20 UNTnTell (A1ANLIN T)
3.1.3 LLUUﬂJuﬁﬂ%’@yjaﬂ’]i%UiJiBVl’]UEJ’]‘VT”Ii 3 Y

wuvaeudatedn Wamndudefudeyadunisiutseniueims Taensidudouanis
%’UUwmumm35@3%’81&1’1&”1miaauL'%'aaﬂfliﬁfuéi’mdaummimmwEJmiLLaﬂLﬂ?islummiim
(Sammasud 2004) Taglduudnasia1u1s Food model lun1saidndnaiueinis (Serving size)
vosonsluminaingg ievhmsaouuazlvioanatiasasanisiudiuemsluvsnsiisgudn {33
uoumnelormasinsinnisanduiindadiuvesemsuasiaiesussaiiiumdlusswiiioawns
fighoranadinssutsenu Tnedumstuiindesdefiesuesenanadas S1uau 3 Yu taelu 3 Jui
fidvlalienmaastufindndiuemsfiuuszmuluiusssun 2 Yu wazfungegaddanmian 1 fu
iielilddeyanissuuszmusmsiivarnvanslumnuuandiswossiazty Taevinisduiingng 2
Fai uenand wuvasuawildlinsaouawiedeyadiunisoaniidenie Tenanasiasiinnseen
srdameetetosduntiag 2-3 Tu afazedieten 20 winielsl (manuan A) Tedoyandanu ms
nszarendanuanlusiu asTulawase losiu USinauea@ouil Usinadndud Usinauundides
Ysunaeanada gnuiuidAiuiukagiiasigiaielusunsudiagudmiviinsigiaiseinis
(INMUCAL-Nutrient version 3.0) Walulagaa1dulaguinis aningrqeuding



Tneyndnumnealdfunismsaseuanugnioseadomangidemginlasunisuas
nsquadinideiorled anantulasuinis uninerdouiing wozadtnisuy guiidelsaond
annalng Sunuiammn 3 ¥iu enmadeuudlunuiismsvesdiniuiasamnumngaues
aniild 9ty wsnukeskuuiussasdendureunmsiiiunmsiselddiaveuarldiunis
auIR938253IUNITILIINANLNTIUNIINAITUITETITUNTITY L3NEIUIAFUAINTZUIUIIUNT
o A9 (AN 1) Mntuifeldinisaaeunuuaeununnyafudindeletlefifidnuasy
TndiAsafunguitivanenismaaessiuin 12 519 (Hertzog, 2008) iilenaaeumnuidilalumany
rouFuduiumsidelungudmingie

3.2 p1aNdIAsN LY lUN1SANEN

o Al ¢ Y iva A a o A P ) a ~ v
granadnsnidlunsdnulauwndfneiegledanandwasvrenusuusnsnuuungiae
won 13INLIVIAAUAINTZUTUTINT o A35197 dn1n1vaine Taetlunisguiiednslngis
Convenience sampling TLNEUNAIL
LAY
& vay vo an o 1 & wva A Aa Yo v & o v ) | o
Jugnlasunsidadeindudiavenrlointasuedudeldauudilidinii 6 weu

Y

2. awnsadremdesieddludinuszdiu Widuguassaseniseanmdinienseusms

319N
3. liflemsuansiifusunseousswazanunsainsoluddu
0. ugflussadifiniie oy 20 Tauly
5. Lﬂuéﬁlﬁﬁ%miﬂaﬁm videdlmnuunnsesuaRtlygiiassiliiAngUassadonisdeans
6. @wnsnorulazunwngle
INUTINSARDDN

1 mma:ﬁﬂiﬁﬁ’uﬁﬂﬁﬁayjami%’wismuammmz%;&aﬁluS]lu'mm’hu

2. ponntuneuNTMIAENwIsEIemaiuToyanesuuemgEadu

3, Lﬂuﬁﬁﬁumaﬁaﬂagm@mﬁ']msflmiaw'm s?iaLﬁuqﬂaiiﬂGiamstﬁa'm%ammﬁuamws
4. fiduseiauiuniudesnannsuiaoules Lactase

[

IngdurueanadnsiiiisinisAnuluidaznguiy aunsamalaanaunisnal

2(Z5 +7B)% o
AZ

n (wiazngu) =

Wefl  Zg,= 5% type | error (1.96)


http://www.ncbi.nlm.nih.gov/pubmed/?term=Hertzog%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=18183564

= (1-3) = 0.80, Z, = 0.842
O = standard deviation of mean difference = 571.9 (Figueiredo et al, 2013)
A = mean difference = 302.6 (Figueiredo et al, 2013)

INANN1IAINA Iueaadasiuudazngundwinlanliluns@nwmenguas 54 au
TagtinguIueIaalnsied1MiuoonaINN1TAae (Drop out) 80 20% sy 9ratadasinlylu

Y vy v
v A v

= O A ad . 0 o o = 2
NIANYIANUIINNNUANGURY 65 AU TIMTUIUDIEEIATIEIUNIANYIASITYEY 130 AU

3.3 YUABUNISIAY
3.3.1 USeaunusTLaIs18aLenn15398

fivelavinsussnduitusnsidelagldveniusiuilefuidmiivsy YA UHUND1YINT T
Tssmeunaaudanszususnnd a afssndufussnduiuslidindofiunsuuinimeu mﬂuu
Q’maiwmmimmaﬂummamsmauimmiwmi'mmwammiuwmsﬂumw 1 fioduas
Inquszasdveenside wafimninazlédu uaslieaadasduludugonnsidrsunAdoseni
asiaslalaglifimstadugidulagisdu suiluddnneaesiasssiomatasiidisunsise
uwumslddouazuanasievosenanasing

3.3.2 mmﬁu%’a;&amﬂmmaﬁm

mevdinsiianneadad 1 foraadanduluiusounind funsifouds lunsdemaneg
asft 2 Tudn 2 AUnwidAlUTTsmeaaudanszUTITIINT o ee §iseldhnsduenanatas
Adrsmnsidelagnsduaainuuy Quota sampling Lilautsnguenanainseendunguisulavy
$19AN19M5uINE (Intervention) wawnguauay (Control) nauaz 65 auwieiu Tnev 2 nau
I¢sueumnelineunuuaeumudeyauuuasunudoyafiuguuasdoyamssutssuoimslu 1
Fuitruan lnedeyasunisfulsemuonaiunisaatuiindoyalastnimuaevnsidn s
yhnsaeuiessenisuaniUasueinns mstudndiuemsusdagmnavgaiusienisuaniuasy
913lne Lleneumnglienaadinsnduluinisandudindeyaemsidesiuuseniudiuiy 3
fu dwivludrunduaruauiuldimsinmneliumudisednassludunnii 12 Faduduan
anvhevesmsiteifiedstuiinteyanissusemueins 3 fu dawnguitldsulavudrtnmenisunme
thu lufudamnendsd 2 Fifeldldnuinfmuse s dnluiesiivionulsmenuiaauia
WIEUTUTIUNT l #3510 el agutidamanisummd wagsihmsdananglunng 2 §Uai luns
tnvangadsd 3,4, W8z 5 SN RN T I Tnanue 4 A wavitamnelidauuy
Sufinmssutszmusmnsinaddlunmstamineads 6 lnefuiigideinmneeanatasiomualuu
avats aunsnnaaedould +3 Ju deluiuflenanadasliasanumugidelutuiiin (Parker et al,
2014)
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3.2.1 91EnaATNAUAIUAY

dmsvoranadasngueiuay dadunguiililaulnsuidanienisunmd lunmsdannendsi
1t fRfeldlFeraatasiunsuisoyaientunisife suwdaduludusennisdsmmside uae
szymneiarUsyaienaaling antulunisiamnendsd 2 Tudn 2 dUaidaly oraataslundy
lddamnelfunudisednedsillsmeusaudmssusunean u s onsuiuvasuny
Foyatiugiuily saulufssefRmssutssmuomnslu 1 Sufishun (24 hours recall) wazdaya
Frumseenidine Mntuoaadinsldsunisaeudesnisiudadiuemns smusenmsuaniuiey
o1nslne ieldlunisantiufindeyanisiuuseniuens 3 Yu (3 days record) luudvaiu 14
narlutumeuiiuszanm 45 wift :ntu oranadinsldgnusunanelfaatuiindeyadumsiutssvnu
911115 3 Ju wualudusssum 2 Tu uavTunen 1 fu sadsdayaniseeniaaniglusauduanii dae
wuutuiinfigideuanls ImsJﬁfwmwsfl,ﬁmmaﬁﬂﬁﬁﬁamaﬁiﬁwﬁuﬁﬂmdqﬁuiﬁﬁ’m’i%’ﬂué’ﬂmﬁﬁ
12 FadudUnvigavineveamsidefilsmeruaaundansrususumd a @39 lngduiigidein

mngormasinsansanaaiadeuls +3 fu iielufufionanasinsliazmnumuiideluiuiia
3.2.2 nanadasnguilasulavuindaniansunme

dmvenaatanguildsulasutitnmansunmdiu mendsnldiduluduseunisdn
fumsidelunstiamnendadl 1 uda daundn 2 dailunmsiamnendsd 2 §3duldvinsiiavane
oranatrsnguildsulasuthdamanisunmdifiesnnulindvune1msilsmenunaauiianssusy
s o AT deeranasinsiaiafiunisnsendeyaialuuardoyadiunmssudsemuemig (24
hours  recall)  wazasliadmizeanistudndiuemisniusienisuaniddsueimsineudy
orenasinsldidmuiutindmunemsiiviesiidawmienliuuudson WesunudiSosnssulsenuy
onsiiduuvasueaunaden Infiud unii@en uazweaneda loun uuuazndnsneianun dnly
Bendu Wuds Yauaziaiauan fwazsyfinlidadsneg muludmdasariluiomaniiinisiu
ansensnananatitlundndod sauluinisendiegranisnnaununissulsenueimsliunsiayiu
dellddnauiionnsaudmiuiindeintled Tnsuupthlrusemuomslildsundsaumnn iy
audpsnsndanusnluniaziu (Total energy expenditure; TEE) 10% Tunsdiiifinssuiiuaanie
ogfluinauiund wasifisuann TEE 8n 50% lunsdlfifdmiingasininnmst dunisnszanendaany
1narslulewnse Wiy uaglodutu dndmuaermsindnliiinisinnsuiduneyaaaly
iesanndslifiduugiinisnszarendsnuainasemsusznn Macronutrient  fiuyda  (WHO
2003) uaglvauitasglevidvesniseenianie taslvduugiilvionatadaseaniidenigegi
tovduaniay 2-3 afsredunii asay 20-50 unft (Ciccolo et al, 2004) THaTludunoutiussun
60 ui niudissldvinsiananeeraataslunduidnadeilsmeuaaumdanssususnnd o
w3 Tunne 2 dUand WWudruawisdu 4 ads Qunisdannedalulunsd 3, 4, uag 5) Taensiin
mneustazeds lnsoranadesldwutindmunemsiieduaiulforaadasiuusemuemnuiils
arudlilunistavnendedl 2 suufsduaiumsoanidsnis daniay 2-3 Su adsazdszanas 20-50
Uit FeonanasinsliFunouminglivinisanduiinteyanisiuuseniuemns 3 $u waduduiinns
SuusemuemisluTusssun 2 Juwasiuven 13U sauddeyaniseaniiaenigly 1 dUam o
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wuutuiinig3deuanty Ingtdanunglvenanadnsiideyanlaanduiinundshuliiugidelunisdn
neAsan 6 Tuduannin 12 dUavt daduduamigare TaeJundidedavuneananadasianunlun
¥ATY anunsaranadeuls =3 Tu weluiunenamadasldazainumugideluiunds

3.4 MIAATIETDYANINEDA

foyaluldun ey sefuassviinanies sefu CDA level 556U Viral load wazdoyasu
Unaiansemsfisuuszniu 1iua Yinauneailon Indud wuniidou uasweawesa Alsainnns
AATILYEITOINT VLéfQﬂ‘ljﬂiJ’]%??ﬁLQ?ﬁIEJLL@Sﬁ’JULﬁHQLUUNW@ij’m Ioelaia Independent paired t-
test Tun1smmanuunnsirsvesAadvesdoyalususineginanundsiuseninanguitlésulagy
Trdamenisunndfunguaiunu daudeyadiunseentidineuarsrezinaiildsusdude
gnihuniesiziiludndiudosas laeldadia Pearson’s chi square test TunsmIANUANGIIDS
dndu doyavsziinaduihevesaseuadauieifunsrgniuldgninnduaudndiuesiisulad
Usgiinsiduthevesnseuniafeniunsegn Tneldaia Fisher exact two-sided test lunsmaniy
uANA1YRIERAILTENIINgY Mmelusunsuiiasiziadadniagy Predictive Analytics Software
Statistics (PASW) 13839 21 (SPSS Inc, Chicago, I1) version 18.0 fwuaseduiaddeylifi p<0.05
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4.1 YayanugIuvesaaiag

[V Y]

foyatiugruvesenaadinsfiiudfnidoiovle s uauidu 130 aufiunasidaduasdn
sonuarldiduluduseulunisidisuniside mndueraadtasidgnivaanlaeduainmedeluns
wisnguitlesulavutidamaenisunmg (MNT) funauauauiilldsulasutidansnsunnd wadils
wuhdeyasnuadeveeny duthnane Meldelfion seRUCDA sEfUCDA Tinesiign uaszdu
viral load vesenasingi 2 naylsifiamuunndnatuesnafidedndymada uasdoyadudnaan
youna 013w UsyiRnsounsiveslsailiieatesiunsegn sraznandlafuendulada wazvinves
CDC Category maqpﬁamﬁa W 2 naulafauuansnsivedelidedfgynadaiguiuy dawansly
3971 1

4.2 UszansSuavaInisilnguinuan1enIsunng

ToyanungAnssulun15eaniainIg N1INTEAYNEIUINDIMITHATUTUIUAITBINTUA
avUssunmvaseranasinsiaaedndy nuth ludaiusn (Baseline) fildvimsiiudeya lainuaina
LLmﬂﬁmﬁ“uasmﬁﬁaé’ﬁﬁagmqaﬁalu%’am”aﬁmﬂ%mmmﬁmms%ﬁm@iwﬂﬁ%’uﬂizmuuaswqﬁﬂﬁu
N38ONMAINNYTENINNGNNARBINUNGUATUAN TummzﬁLﬁaéuqﬂmﬁﬁwmm%qwﬁwﬂué’ﬂmﬁﬁ
12 (End point) wadfildnuin evanasinsngunaassiildnutindmunemsivIndnginssunis
Suusemukeaen InTud wuntwe wazWeanedauinniinauauauedldedAynisais
(p<0.05) uananil waitlénudn Srnuesataslundumaassdiffieandidnisnudvaneuay
20-50 wiiisedUnsINNIINguAmUANBEEtudEY19EEA (p<0.05) Fauanslumsned 2
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M99 1 Jayanugiuveseradasieuiisuseninanguilasulauindanienisunmg (MNT) fu

nauAIuAL (Control)

Characteristics MNT Control P value
(n=65) (n=65)
Age, mean (SD) 43.01 (7.22) 44.15 (5.97) 0.06°
Sex
Male, n (%) 53 (81.53) 50 (76.92) 0.42°
Female, n (%) 12 (18.47) 15 (23.08)
Body Mass Index, mean (SD) 23.26 (3.23) 24.14 (3.37) 0.92°
Occupation
Employee, n (%) 32 (49.23) 35 (53.84) 0.68"
Government official, n (%) 3(4.61) 2 (3.08)
Vendor, n (%) 12 (18.46) 15 (23.08)
Private business, n (%) 18 (27.70) 13 (20.00)
Monthly income (in Thai Baht), mean (SD) 17,630.76 18,867.18 0.71°
(8,856.17) (11,245.54)
Family History of Bone Disease
Yes, n (%) 30 (46.15) 33 (50.76) 0.72°
No, n (%) 35 (53.85) 32 (49.240
Length of receive ART
< 1 year, n (%) 12 (18.46) 13 (20.00) 0.47°
1-5y year, n (%) 48 (73.84) 45 (69.23)
> 5 year, n (%) 5(7.70) 4 (10.77)
CD4 level*, mean (SD) 571.33 (110.23) | 599.09 (99.26) 0.66°
CDC category
Al-Asymptomatic with >500 cells/uL, n (%) 52 (80.00) 54 (83.07) 0.82°
A2-Asymptomatic with 200-499 cells/uL, n (%) 13 (20.00) 11 (16.93)
Lowest CD4 T cell count*, mean (SD) 305.46 (39.86) | 309.68 (36.71) 0.33°
Viral load**, mean (SD) 512.16 (19.22) | 510.12 (24.12) 0.08°

*cells/mm’
**copies/ml
aIndependen’c paired t-test
"Pearson’s chi square test

“Fisher exact two-sided test
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a5 2 deyamsSuusemuemisuasniseeniidmeluduaiusnuasdavigavneveanisii

Joya Wisufguseninanguvaassiunguaiuny

Nutrients intake Baseline p value End point p value
and exercise MNT Control MNT Control
habits n =65 n =65 n =65 n =65
Energy in keal, 2401.36 2284.66 0.11° 2445.46 2330.56 0.39°
mean (SD) (473.79) (386.15) (447.56) (395.21)
Percent of calories 53.63 54.49 0.79IO 52.32 54.07 0.48°
of carbohydrate, (5.44) (5.31) (4.41) (4.86)
mean (SD)
Percent of calories 14.92 15.49 0.60° 17.35 15.73 0.67°
of protein, mean (4.43) (4.18) (4.55) (4.42)
(SD)
Percent of calories 31.45 30.17 0.63" 30.16 30.33 0.09°
of fat, mean (SD) (6.94) (7.52) (5.49) (7.26)
Daily Calcium 662.63 648.35 0.30° 845.87 648.64 0.02%
intake in mg, mean | (148.16) (128.35) (126.74) (170.43)
(SD)
Daily vitamin D 306.73 337.47 0.05IO 497.61 324.75 0.03™*
intake in IU, mean (62.67) (47.01) (84.08) (62.25)
(SD)
Daily Magnesium 296.09 299.78 0.30b 427.67 298.29 0.02°*
intake in Mg, mean (33.86) (38.70) (82.10) (65.81)
(SD)
Daily Phosphorus 625.21 629.86 0.81° 734.23 629.26 <0.00™
intake in mg, mean | (109.85) (107.61) (90.27) (120.05)
(SD)
Exercise habits
At least 20-50 14 (21.54) | 24 (39.92) 0.05° 40 25 0.0Zb*
minutes, 2-3 days 51 (78.46) | 41 (60.08) (61.54) (38.46)
a week, n (%) 25 38
No, n (%) (38.46) (61.54)

aIndependent paired t-test

b , .
Pearson’s chi square test
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dewsuiisunielungy wud1 woRnssunisivusznuemisuazniseonindanieide
inai el weunanszgnuesoraainsngumnaesitsd s iiteddynsadn Taowuin
YSunaumssudseymusaai@en Inndud winilley waseaneiaveseraradasnguvaaesluduns
andhelfiuduogredifed Ayeadfdoiisuiisufuduasiuan (p<0.05) lurgiinisnszane
nduanasiulamsauasluiuanasegelitudAgyneads (p<0.05) wazanavinenudl I1UIUVBS
pranasinslungunaassiifiniseanidamenumuusiivesindmuse wmsivdnadifistuedied
fodAynsaialuduanvigainevesnsnaasailoSouifisuiuiuiuveseaniidsniony
Auugiluduaiusn (p<0.05) Fuuandlunnsned 3

M15199 3 kanstoyauIUINTTUUTEN L MITHAENNTOBNMAINIEYDIDIANANAINGUNAGDS

Wisuiileuseninsduanusniasduniigniineveenisive

Nutrients intake and exercise Baseline End point %change p value
habits from baseline
Energy in kcal, mean (SD) 2401.36 2445.46 +1.83 <0.00™
(473.79) (447.56)
Percent of calories of 53.63 52.32 -2.44 <0.00™
carbohydrate, mean (SD) (5.44) (4.41)
Percent of calories of protein, 14.92 17.35 +16.28 <0.00™
mean (SD) (4.43) (4.55)
Percent of calories of fat, 31.45 30.16 -4.10 <0.00%*
mean (SD) (6.94) (5.49)
Daily Calcium intake in mg, 662.63 845.87 +27.65 <0.00™
mean (SD) (148.16) (126.74)
Daily vitamin D intake in IU, 306.73 497.61 +62.23 <0.00™
mean (SD) (62.67) (84.08)
Daily Magnesium intake in mg, 296.09 427.67 +44.43 <0.00™
mean (SD) (33.86) (82.10)
Daily Phosphorus intake in mg, 625.21 734.23 +17.43 <0.00™
mean (SD) (109.85) (90.27)
Exercise habits
At least 20-50 minutes, 2-3 14 40 +185.71 <0.00™
days a week, n (%) (21.54) (61.54)
No, n (%) 51 25 -50.98
(78.46) (38.46)

“Paired samples t-test

b , .
Pearson’s chi square test
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TUdINYDINGUAIVAN NANITITENUIIVBYAAIUNGANTTUNITTUUTENIUDINITHAENITOBN
MasnevesenaadasngunlvauliinnuuanssiuvegralidedAynisadfAseninedunviuanuay
dAanigninevesnisianing sniiudeyatunandsnuainerisadeifulssniuieiunes
pranadasnguauatludunvaariiofiutveeiiteddymeadfideIoufisuiuduaviusn

(p<0.05) Fauanslunsnad 4

M19199 4 uanstayau3inaunssulseniuemsuazNIsEaNMAINI8veseIaalAINgNAIUAL
Wiguguseninsduamusniagduniigniingveenisive

Nutrients intake and exercise Baseline End point | %change from | p value
habits baseline
Energy in kcal, mean (SD) 2284.66 2330.56 +20.09 <0.00™
(386.15) (395.21)
Percent of calories of 54.49 (5.31) 54.07 +0.77 <0.28"
carbohydrate, mean (SD) (4.86)
Percent of calories of protein, 15.49 15.73 +1.54 <0.41°
mean (SD) (4.18) (4.42)
Percent of calories of fat, 30.17 30.33 +0.53 <0.30°
mean (SD) (7.52) (7.26)
Daily Calcium intake in mg, 648.35 648.64 +0.04 <0.48"
mean (SD) (128.35) (170.43)
Daily vitamin D intake in IU, 337.47 324.75 -3.76 <0.75°
mean (SD) (47.01) (62.25)
Daily Magnesium intake in mg, 299.78 298.29 -0.49 <0.83"
mean (SD) (38.70) (65.81)
Daily Phosphorus intake in mg, 629.86 629.26 -0.09 <0.95"
mean (SD) (107.61) (120.05)
Exercise habits
At least 20-50 minutes, 2-3 24 25 +4.16 <0.85"
days a week, n (%) (39.92) (38.46)
No, n (%) 41 38 -7.31
(60.08) (61.54)

“Paired samples t-test

b y .
Pearson’s chi square test
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Abstract

Background Previous studies have established the risk of bone loss among people living
with HIV affected by antiretroviral therapy drug side effects and inadequate nutrients intake.
Until recently, there have been limits on using the medical nutrition therapy to improve
dietary habits for improve bone health among people living with HIV.

Objective This study aimed to investigate the effectiveness of medical nutrition therapy in
improving the bone health in PLHIV by promoting dietary habits.

Design This was a randomized control trial study conducted at the Queen Savang Vadhana
memorial hospital. Participants were randomly identified (by quota sampling) to MNT group
(intervention group) and control group.

Participants/setting One hundred and thirty people living with HIV at Out-patient
department at the Queen Savang Vadhana memorial hospital were recruited to participate
in this study by convenient sampling.

Intervention Sixty five participants of MNT group made a totally 6 appointments (12 weeks)
to meet registered dietitians for receiving medical nutrition therapy to improve dietary habits
for improving bone health. While 65 participants in control group received only routine care
at hospital service center.

Main outcome measures Amount of nutrients intake (calcium, vitamin D, potassium, and
phosphorus) and length of exercise.

Statistical analyses performed Independent paired t-test was used to compare the means
of nutrients intake between groups. Percentage difference between groups was test by
Pearson’s chi square and Fisher exact two-side test.

Results In general, participants in MNT group had significant higher amount of nutrient
intakes (calcium, vitamin D, potassium, and phosphorus) and length of exercise than control
group after finishing the final week (p<0.05). Also, participants in MNT group had significant
increase in amount of calcium, vitamin D, potassium, and phosphorus intakes and length of
exercise after final week compared with before intervention (p<0.05).

Conclusion Medical nutrition therapy is effectiveness for improving food habits and physical
activity to promote bone health among people living with HIV.

Keyword: HIV, bone, medical nutrition therapy, food habits, exercise
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1. Introduction

Human immunodeficiency virus (HIV) is an infectious disease that largely impacts on
health status by immune system suppression. Increase in energy requirement of infected
patients due to rising in energy expenditure for fight against the infection imposes risk in
undernourished people living with HIV (PLHIV), which can lead to further complications (Obi
et al,, 2010). PLHIV who cannot access the treatment and antiretroviral therapy (ART) to
maintain CD4 cells at optimal level and viral load suppression undergo Acquired Immune
Deficiency Syndrome (AIDS) development. Recent report showed global epidemic of PLHIV
at 36.7 million (Fettig et al, 2014). In Thailand, there are 430,000 PLHIV (World Health
Organize, 2017). The nutritional recommendation for PLHIV is aimed to provide sufficient
intake of calories, vitamins, and minerals to maintain a good health status and quality of life.
Due to increasing in resting metabolic rate among PLHIV, increase of 10% of total caloric
intake is suggested for asymptomatic PLHIV to maintain their nutritional status and prevent
weight loss. In addition, increase of 20% of total caloric intake is suggested for symptomatic
PLHIV to compensate for the metabolic rate increase and fight against complications such as
under-nutrition, muscle wasting, tuberculosis (TB), and immune suppression which allows
further opportunistic infection (Kosmiski 2011; Musoke et al., 2011).

Loss of bone density is a commonly found problem in PLHIV which greatly impacts
quality of life that needs more attention from health care professionals (Ofotokun 2011).
Decreasing in bone density of PLHIV leads to further complications such as osteopenia,
osteoporosis, and even bone fracture. These could be the result of drug side effects and
long-term inadequate intake of food sources having calcium (Ca), vitamin D, Magnesium (Mg),
and Phosphorus (P). Long-term adequate intake of Ca, vitamin D, Mg, and P is proven to be
essential for the improvement of bone health and the prevention of osteoporosis (Peters et
al., 2010). Previous study revealed PLHIV on ART have more risk in loosing bone density due
to the drug side effects that results in the turnover of bone mass through increasing Ca
elimination from bone (Haskelberg et al., 2012; Gutierrez et al., 2011; Cazanave et al., 2008).
Ca is an example of essential minerals that contribute to the healthy bone that cannot be
produced in the human body. The recommended daily Ca requirement ranges between
1,000-1,300 mg/day for healthy people (Bhatia 2008). Up to now there is no report on the
minimal Ca requirement in PLHIV, even though experts suggested that PLHIV need to take in
Ca and other minerals at the same amount as healthy people. Unfortunately, report showed
high prevalence of inadequate daily intake of Ca, vitamin D, Mg, and P in Thailand even
among healthy people (lvanovitch et al.,, 2014). Moreover, trends in globalization and
urbanization cause changes in daily life style in which people are exposed less sun light
resulting in the decrease of vitamin D synthesis in the body among the population of

Thailand and other Southeast Asia countries (Nimitphong et al., 2012).
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Medical Nutrition Therapy (MNT) is a dietary intervention for patients in several
conditions based on the evidence and guidance aimed at improving nutritional status,
prevention of malnutrition, and rehabilitation by nutritional screening, investigation,
intervention, evaluation, and monitoring. These activities are conducted by nutritionists or
dietitians with skills in communication that can educate patients on dietary planning and
daily physical activity. Previous studies revealed the effectiveness of MNT when combined
with medical therapy delivered by a health care teams to improve the health status of
patients in several diseases. For example, study indicated MNT intervention is an effective
measure in controlling type 1&2 diabetic blood sugar that can improve patients’ quality of
life (Morris et al.,, 2010). As well in a 2013 study indicated that MNT intervention is an
effective mean in reducing the risk of complications and mortality among patients having
cardiovascular disease by promoting low fat food consumption, appropriate amount of
alcohol intake, and increase in exercise (Adar et al,, 2013). A previous study revealed the
effectiveness of MNT in reducing blood lipid profiles among PLHIV by improving dietary
pattern (Figueiredo et al., 2013). Moreover, study indicated nutritional intervention by dietary
supplementation can help in preventing nutrient deficiency development that can reduce
mortality rate in PLHIV due to undernourishment (Filteau et al., 2015). Previous study
showed the effectiveness of an increased intake in the amount of food sources having Ca
and other minerals in reducing the risk in loss of bone density (Vecchi et al., 2012). However,
there is still no study and recommended regimens suggested for the consumption of food
sources having Ca, vitamin D, Mg, and P, which are beneficial to bone heath, among PLHIV.
This study, therefore, aimed to investigate the effectiveness of MNT in improving the bone
health in PLHIV by promoting the consumption of food sources having Ca and other
minerals. The investigation was conducted at the Queen Savang Vadhana Memorial Hospital
which was founded in 1902 under the auspice the Thai Red Cross Society. It is serving as a
complete HIV health care service center for PLHIV in Chonburi province and the eastern part
of Thailand. Its activities include screening, treatment, monitoring, and consultation for
PLHIV.

4. Materials and Methods

This study aimed to investigate an effectiveness of MNT in improving bone health
among PLHIV who received MNT intervention (MNT group) in comparison to control group
who received only routine care from the original health service system at the hospital.

4.1 Development of research tools

4.1.1 Self-respondent to baseline questionnaires

This close-ended questionnaires aimed to investigate the background information of

participants including sex, age, body mass index (BMI), occupation, monthly income, medical



44

history of family members on bone disease, length of receiving ART, CD4 level, and viral
load.

4.1.2 Twenty four-hours recall questionnaires

This 24-hours recall questionnaires were developed to determine food intake within
24 hours of the selected participants. A professionally registered dietitian interviewed and
recorded food consumed by participants at the second visit of the study and used this data
to calculate total energy intake, energy distribution, and amount of minerals intake (Ca,
vitamin D, Mg, and P). In addition, this questionnaires also asked about weekly exercise
behavior, whether participants were performing 20-50 minutes per day at least 2-3 days per

week.

4.1.3 Self-respondent on 3-days food record questionnaires

This open ended-questionnaires were developed to assign selected participants to
record their food intakes after they finished the training of Thai food exchange list and
portion size counting (Sammasud 2004). Participants were assigned to record their foods,
beverages, and any seasoning added to their food being consumed (ie., sauces, sugar, etc.) in
2 working days and 1 holiday. In addition, the question on exercise was provided in these
questionnaires to ask about weekly exercise behavior that participants had performed for 20
minutes per day at least 2-3 days per week. All recorded data (also from 24-hours recall
questionnaire) were calculated for total energy intake, energy distribution, amount of
mineral intakes (Ca, vitamin D, Mg, and P) using the package software program (INMUCAL-
Nutrients version 3.0) developed by the Institute of Nutrition Mahidol University (INMU),
Thailand.

All developed questionnaires were submitted to a panel of nutrition and dietetic
experts at the INMU and expert professionals in HIV health care at the Queen Savang
Vadhana Memorial Hospital for their comments, reviews, and editorial proofreading. Once
completed, the edited questionnaires were revised according to the feedbacks for use in
research ethics submission to the board of research ethics committee at the Queen Savang
Vadhana Memorial Hospital for review and approval before pretest in 12 PLHIV with
comparable and similar demographic characteristics and social economic background as the
participants of the study (Hertzog 2008).

4.2 Population

One hundred and thirty of males and females PLHIV at the Queen Savang Vadhana
Memorial Hospital were appropriately sampled for the study. Participants who meet the
following inclusion criteria were recruited: asymptomatic PLHIV with ART for at least 6
months, age above 20 years old, able to read and write Thai language, willingness to
participate in the study. Exclusion criteria includes: participants whose do not complete any

questionnaire, exhibiting behavioral problems (ie., attention deficit hyperactive disorder


http://www.ncbi.nlm.nih.gov/pubmed/?term=Hertzog%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=18183564
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[ADHD]), unable to participate throughout the study period, participants with oral problems
(ie., wound, teeth loss, etc.) which affect food intake, ,medical history of lactose intolerance.

1.3 Study procedures

An introductory letter was sent to the director of Queen Savang Vadhana Memorial
Hospital providing information on study protocol, informed consents, and permission to use
hospital premises (data collecting rooms) to conduct the study on visiting days.

1.3.1  Public relation of the study

PLHIV who come for service at the health care service in Outpatient Department
(OPD), Division of Medicine, Queen Savang Vadhana Memorial Hospital were asked and
invited to participate in the study. All invited PLHIV received an informed consent form and
a letter briefly describing the study protocol at the first visit. All participants signed informed
consent forms to confirm their agreements to participate in this study.

1.3.2 Data collection

After the first visit, selected participants were re-invited within the next 2 weeks for
the second visit at the Queen Savang Vadhana Memorial Hospital. At the second visit, all
130 selected participants were grouped into 65 participants for MNT group and 65
participants for control group, and each were identified by a participant code number.
Participants in both groups were asked to complete the baseline questionnaires in the
provided room. Once the questionnaires are completed, registered dietitian interviewed
them on exercise behaviors and their food intakes within 24 hours and recorded the 24-
hours recall questionnaires to collect data on their exercise behaviors and food intakes.
After that, all participants were given knowledge on Thai food exchange list and trained in
portion size counting using the food models as the educating tool. In addition, participants in
MNT group were invited to the counseling room to meet the registered dietitian for receiving
MNT on dietary for bone health improvement. Finally, all 130 participants were assigned to
complete a 3-days food record for the next visit. For control group, participants in this group
had an appointment in week 12 (final week) at the Queen Savang Vadhana Memorial
Hospital to submit their self-recorded questionnaires, whereas MNT group had appointments
at every 2 week for the visits numbers 3, 4, and 5 to meet the registered dietitian in order to
receive the MNT (Parker et al., 2014). Participants in MNT group also had an appointment for
the final visit at week 12 (visit 6) +3 days to submit their 3-days food records.

1.3.2.1 Control group

At the first visit, participants in control group were invited to a room to receive
informed consent forms and a letter briefly describing the study protocol. After signing the
informed consents, participants in control group were re-invited within the next 2 weeks for
the second visit to complete the self-respondent baseline questionnaires and 24-hours
recall (by interview). After that, participants in control group received knowledge on Thai

food exchange list and food portion size counting, but did not receive knowledge and
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encouragement on food intake to support bone health (i.e., they received only routine care
at hospital service center). Once completed, participants in control group were assigned to
complete self-respondent on 3-days food record questionnaires (2 working days and 1
holiday) and re-invited again at week 12 to the Queen Savang Vadhana Memorial Hospital to
submit their completed self-respondents on 3-day record questionnaires. The study
procedure in the second visit had taken 45 minutes to complete these steps.

1.3.2.2 MNT group

For MNT group, participants were invited to a provided room at the Queen Savang
Vadhana Memorial Hospital to receive informed consent forms and a letter briefly describing
the study protocol. In the next 2 weeks, participants were re-invited again to the same room
at the second visit to complete the self-respondent baseline questionnaire and 24-hour
recalls (by interview). Also, participants in MNT group received knowledge on Thai food
exchange list and food portion size counting. In addition, participants in MNT group received
knowledge and encouragement on food intake to support bone health. The individually
counseling was conducted by the registered dietitian to encourage and inspire them to
increase amount of food intakes which are rich in Ca, vitamin D, MG, and P. The examples of
food to be promoted are the food ingredients and food products that were easily found in
their communities such as milk and milk products, dark green leafy vegetables, hard tofu,
small fish and dried shrimps, unrefined grains, and fortified commercial products. Menu
planning was created by the registered dietitian for PLHIV in MNT g¢roup for daily dietary
pattern to promote an adequate intakes with the total energy expenditure (TEE) increased
by 10% from the calculated total energy intake for PLHIV who have normal BMI, and
increased by 50% from the calculated total energy intake for PLHIV who were underweight
to promote weight cain. Energy distribution from carbohydrate, protein, and fat were
individually planned (World Health Organization 2003). Moreover, participants in MNT group
were encouraged to have a weekly moderate aerobic exercise, such as jogging, cycling, etc.,
for 2-3 days per week at least 20-50 minutes per day to promote bone density (Ciccolo
2004). The study procedure in the visit 2 took 60 minutes to complete these steps.

On the completion of the second visit, participants in MNT group made an
appointment again at every 2 week for the visits numbers 3, 4, and 5 to meet the registered
dietitian for monitoring and encouragement on the practice in the food behavior and
exercise according to the suggestion at visit#2. The visits #3, 4, and 5 took 20-50 minutes to
complete the procedure. After that participants in MNT group were assigned to answer the
self-respondent questionnaires on 3-days food record to record their food intakes (2 working
days and 1 holiday) and submit their completed food record at the final appointment in the
visit #6. Every visit time varied for +3 days for participants who were busy and found it
inconvenient to come on the appointment day.

1.4 Statistical analysis
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Means+SD of age, BMI, CD4 level, Lowest CD4 level, viral load level, total energy
intake, percentage of energy distribution, and amount of nutrients consumed (Ca, vitamin D,
Mg, and P) were presented. Independent paired t-test was used to compare the means
between groups. Percentages of data on sex, exercise, occupation, and length of receiving
ART were reported and were tested for the percentage difference between groups by
Pearson’s chi square test. Percentages on medical history of family members on bone
disease and CDC category were reported and were tested for difference between groups by
Fisher exact two-side test. Statistical analyses were performed by using the Predictive
Analytics Software Statistics (SPSS Inc, Chicago, Il), version 21.0. Statistical significance was

deemed significant at p<0.05.

Results

At baseline, results revealed there were no significant differences on demographics
and characteristics data of the participants compared between MNT group and control
group. Most of the participants in both groups were male and the mean of BMI indicated
that participants were overweight. Most of them received ART for 1-5 years with the most

CDC category reported in this study was Al-Asymptomatic with >500 cells/uL (table 1).

Table 1: Baseline data on the characteristics of the participants compared between MNT

group and control group

Characteristics MNT Control P value
(n=65) (n=65)
Age, mean (SD) 43.01 (7.22) 44.15 (5.97) 0.06°
Sex
Male, n (%) 53 (81.53) 50 (76.92) 0.42°
Female, n (%) 12 (18.47) 15 (23.08)
Body Mass Index, mean (SD) 23.26 (3.23) 24.14 (3.37) 0.92°
Occupation
Employee, n (%) 32 (49.23) 35 (53.84) 0.68"
Government official, n (%) 3(4.61) 2 (3.08)
Vendor, n (%) 12 (18.46) 15 (23.08)
Private business, n (%) 18 (27.70) 13 (20.00)
Family History of Bone Disease
Yes, n (%) 30 (46.15) 33 (50.76) 0.72°
No, n (%) 35 (53.85) 32 (49.240
Length of receive ART
<1 year, n (%) 12 (18.46) 13 (20.00) 0.47°
1-5y year, n (%) 48 (73.84) 45 (69.23)
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Characteristics MNT Control P value
(n=65) (n=65)

> 5 year, n (%) 5(7.70) 4 (10.77)
CD4 level*, mean (SD) 571.33(110.23) | 599.09 (99.26) 0.66°
CDC category

Al-Asymptomatic with >500 cells/uL, n (%) 52 (80.00) 54 (83.07) 0.82°

A2-Asymptomatic with 200-499 cells/uL, n (%) 13 (20.00) 11 (16.93)
Lowest CD4 T cell count®, mean (SD) 305.46 (39.86) | 309.68 (36.71) 0.33°
Viral load**, mean (SD) 512.16 (19.22) | 510.12 (24.12) 0.08°

*cells/ mm3

**copies/ml

aIndependent paired t-test

b , .
Pearson’s chi square test

“Fisher exact two-sided test

For food habits and physical activity, results indicated that at baseline there were no

significant difference on exercise habits and quality of food consumed between MNT group

and control group. Meanwhile, results revealed at the end point (after finishing the

intervention) participants in MNT group had the amount of Ca, vitamin D, Mg, and P intake

significant higher than the control group (p<0.05). Moreover, the number of participants in

MNT group was significant higher than the control group on weekly exercise according to the
guideline (p<0.05) (table 2).

Table 2: Food consumption and exercise habits before and after intervention compared

between MNT group and control group

Nutrients intake Baseline p value End point p value

and exercise habits MNT Control MNT Control

n =65 n =65 n =65 n =65
Energy in kcal, 2401.36 2284.66 0.11° 2445.46 2330.56 0.39°
mean (SD) (473.79) (386.15) (447.56) (395.21)
Percent of calories 53.63 54.49 0.79IO 52.32 54.07 0.48°
of carbohydrate, (5.44) (5.31) (4.41) (4.86)
mean (SD)
Percent of calories 14.92 15.49 0.60IO 17.35 15.73 0.67°
of protein, mean (4.43) (4.18) (4.55) (4.42)
(SD)
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Nutrients intake Baseline p value End point p value
and exercise habits MNT Control MNT Control
n =65 n =65 n =65 n =65

Percent of calories 31.45 30.17 0.63IO 30.16 30.33 0.09°
of fat, mean (SD) (6.94) (7.52) (5.49) (7.26)
Daily Calcium 662.63 648.35 0.30" 845.87 648.64 0.02%
intake in mg, mean | (148.16) (128.35) (126.74) (170.43)
(SD)
Daily vitamin D 306.73 337.47 0.05IO 497.61 324.75 0.03%
intake in IU, mean (62.67) (47.01) (84.08) (62.25)
(SD)
Daily Magnesium 296.09 299.78 O.30b 427.67 298.29 0.02%
intake in Mg, mean (33.86) (38.70) (82.10) (65.81)
(SD)
Daily Phosphorus 625.21 629.86 0.81IO 734.23 629.26 <0.00™
intake in mg, mean | (109.85) (107.61) (90.27) (120.05)
(SD)
Exercise habits

At least 20-50 14 (21.54) | 24 (39.92) 0.05° 40 25 0.0Zb*
minutes, 2-3 days 51(78.46) | 41 (60.08) (61.54) (38.46)
a week, n (%) 25 38

No, n (%) (38.46) (61.54)

aIndependen’t paired t-test

b , .
Pearson’s chi square test

When compared within groups on food habits and physical activity modifications,
results revealed that the food habits and physical activity to promote bone health in MNT
group after intervention were significantly improved. The amount of Ca, vitamin D, Mg, and P
intake of the participants in MNT group after intervention were significantly higher than
before intervention (p<0.05). In addition, amount of calories consumed and percentage of
calories of protein were significant increased (p<0.05), while the percents of calories of
carbohydrate and fat were significant decreased (p<0.05). Finally, results revealed the
number of participants who succeeded in performing exercise according to the guideline was

significant increased (p<0.05) (table 3).

Table 3: Food consumption and exercise habits compared between baseline and end point

of MNT group
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Nutrients intake and exercise Baseline End point %change p value
habits from
baseline
Energy in kcal, mean (SD) 2401.36 2445.46 +1.83 <0.00™
(473.79) (447.56)
Percent of calories of 53.63 52.32 -2.44 <0.00™
carbohydrate, mean (SD) (5.44) (4.41)
Percent of calories of protein, 14.92 17.35 +16.28 <0.00™
mean (SD) (4.43) (4.55)
Percent of calories of fat, 31.45 30.16 -4.10 <0.00™*
mean (SD) (6.94) (5.49)
Daily Calcium intake in mg, 662.63 845.87 +27.65 <0.00™
mean (SD) (148.16) (126.74)
Daily vitamin D intake in IU, 306.73 497.61 +62.23 <0.00™
mean (SD) (62.67) (84.08)
Daily Magnesium intake in mg, 296.09 4a27.67 +44.43 <0.00™
mean (SD) (33.86) (82.10)
Daily Phosphorus intake in mg, 625.21 734.23 +17.43 <0.00™
mean (SD) (109.85) (90.27)
Exercise habits
At least 20-50 minutes, 2-3 14 40 +185.71 <0.00b*
days a week, n (%) (21.54) (61.54)
No, n (%) 51 25 -50.98
(78.46) (38.46)

*Paired samples t-test

b , .
Pearson’s chi square test

For control group, results revealed no significant difference on food habits and

physical activity modifications compared between baseline and end point, except for

calories consumed that was significant increased at end point (table 4).

Discussion

Recently, many studies have reported on several factors leading to undernourished

development, such as inadequate food intake, gastrointestinal system problems, drug side

effects, which entail risk in immune suppression and risk in further opportunistic infection.

PLHIV on ART are at more risk in being affected by the drug side effects as the result of drug

interaction, particularly in gastrointestinal track, leading to the interferences of nutrient
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ingestion and absorption, nausea, vomiting, loss of appetite, and weight loss (Chubineh et
al,, 2008). In addition, ART side effects can interfere with fluid and mineral absorptions
leading to iron and other micronutrient deficiencies (Semba et al., 2002). Previous
studies-reported mixed results of the effectiveness of dietary supplementary intervention in
improving nutritional status of PLHIV (Tang et al., 2000; Rousseau et al., 2000; Look et al,,
1997). Fortunately, advance in medicine and pharmaceuticals, such as ART, help to promote
health and nutritional status among PLHIV by improving appetite, regaining their normal
taste sensation, and enhancing naso-oral stimulation that promote their consumption of
larger amount of food which causes over-nutrition among PLHIV in modern day (McCormick
et al,, 2014; Ogunmola et al,, 2014; Kim et al,, 2012). For bone health in PLHIV, recent
reports showed there are high incidents of bone fracture ranging from 30 to 70% which are
higher than in non-infected persons (Bonjocha et al., 2010; Borderia et al.,, 2009). Loss of
bone density in PLHIV is not only due to long-term inadequate intakes of proteins and other
nutrients, but drug side effects which are also becoming the main factor that increases the
risk in the loss of bone density. Although, etiology and mechanism of bone loss by ART is
still unclear, previous studies indicated possible relationship between ART and loss of bone
density among PLHIV. In 2015, a study reported that PLHIV who received Tenofovir, ART
commonly used in PLHIV, showed P imbalance and decreased vitamin D absorption that
affected bone mass density (Gill et al., 2015). As well, another study showed the relationship
between ART and bone density, such as Efavirenz, which caused severe vitamin and

phosphate deficiencies (Welz et al., 2010).

The risk of bone health among PLHIV can be partially solved by intervention with
dietary supplementary, such as Ca supplement that can lower the risk for PLHIV in
developing bone loss (McComseya et al., 2007). Nowadays, commercial nutrients (ie., milk,
milk products, etc.) fortified with Ca, vitamin D, Mg, and P are available that can help PLHIV
to achieve adequate daily nutritional needs. As well, there is an alternative eating plan for
food sources containing Ca that has been suggested for people with lactose intolerance to
avoid consuming milk and milk products. The other sources of foods rich in Ca are green
leafy vegetable and calcium-fortified commercial foods and products (Bains et al., 2007;
Silanikove et al., 2015; Eadmusik et al,, 2013). In addition, a few studies pointed out that
increase in nutrient intake in combination with exercise are more effective in increasing bone
density (Todd et al, 2003). Moreover, a study suggests that the sun exposure, which
stimulates vitamin D synthesis, can increase vitamin D level which acts synergistically with Ca
supplement in maintaining bone mass and preventing the loss of bone density (Holick 2004).
The period of the day that is suggested to be the most effective in being exposed to the sun
for maximal vitamin D synthesis is between 11.00 am-14.00 pm (Harinarayan et al., 2013).
The findings of this study also revealed the effectiveness of medical nutrition therapy

intervention by the registered dietitian to improve bone health among PLHIV by encouraging
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food sources with nutrients necessary in bone formation. Results indicated the participants
in MNT group had significant higher amounts of Ca, vitamin D, Mg, and P intake than control
group after intervention. In addition, participants in MNT group had significant improvement
in exercise habits compared with control group after intervention. These findings supported
the findings of previous studies that indicated MNT intervention can improve PLHIV
nutritional status by giving knowledge on food intake and inspiring them to improve dietary
behavior (ie., clean, avoidance of uncooked, low fat food, etc.). Moreover, previous study
suggested that MNT for PLHIV focuses on maintaining muscle mass and body weight,
preventing fat deposition, and avoiding uncooked food, all of which must not be in conflict
with the belief and culture of the patients (Nerad et al., 2003). Another study showed the
effectiveness of MNT intervention in improving nutritional status and dietary requirement,
such that patients with eating disorder can maintain their body weights by improving oral
food intake (Ozier et al,, 2011). The limitation of this study was that the data on type of
exercise and length of sun exposure of participants were not collected. Therefore, the
effectiveness of the type of practising exercise and outdoor activity were not described. In
addition, a longer period of study as well as a follow-up of whether knowledge, food
behavior, and physical activity after the intervention period are still retained among this
group of people are suggested. Finally, employment of advance bone assessment, such as
Dual-energy X-ray absorptiometry (DXA), which can measure bone mineral density is
suggested for further study to evaluate the effectiveness of MNT in improving bone health
after the intervention. In conclusion, the MNT is an effectiveness mean for improving food

habits and physical activity to promote bone health among PLHIV.
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