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Abstract

Thailand is one of the 14 listed countries encountering TB, TB/HIV and MDR-TB
burden. Poor adherence could cause longer treatment, drug resistance, relapse and death in
TB patients. With limited-resources, the coverage of Directly Observed Treatment, Short
Course (DOTS) is low. Most of TB patients are under self-medication or family-member DOT,
which a forgetfulness to take medicine or an improperly early medicine discontinuation
caused by side effects or etiological misunderstanding may exist. Most of adherence
measurements performed at a next follow-up, not at real-time, is considered as an end
point. Hence, TB/HIV Research Foundation has developed a CARE-call system, an ICT-based
medication adherence monitoring system having an electronic pill box (CARE-box) to further
function by alarming patients to take medicine, notifying a health care worker (HCW) to
follow up a non-adherence patients and providing two-way communication for the patients
seeking for advice from the HCW. In order to evaluate the system’s effectiveness, 300 TB
patients were randomly recruited into intervention or control group. Preliminary result
obtained from treatment-outcome available participants showed that statistically higher
adherence rate was observed in the intervention group while treatment success rate is at
88.2%, higher than the 85% NTP target and lost to follow-up cases were found only in the
control group. The CARE-call system was proved to achieve its two-way communication
function under around four-time lower per capita cost compared to that of the DOT
supported by the global fund. Qualitative study remarked the benefits of CARE-call system
through the CARE-box including alarming system, daily pack, two-way communication by
meeting the satisfactions of the all the participants invited to attend focus group discussion.
From the result, it is believed that the CARE-call system could improve the TB patient’s
medication adherence and provide two-way communication at low cost, which is more
suitable for a high TB burden country like Thailand to achieve the NTP targets for treatment
success and loss to follow-up rates. However, the stability of CARE-call should be improved

and provide more useful functions to facilitate the TB treatment and care.

Key words: CARE-call system, medication adherence, treatment success and loss to follow-

up rates
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Bidnmsedndfivszavitun Wewanndamuansavesnisideuiu mobile electronic pill box
(CARE-box vde ndessnila) fanunsasmneanuazanliiindesmanisdoasseninsiaeialse
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Ffiuvesszuy CARE-call Wludisll (3UM 1)

1) CARE-box azudaiiteutiihelisudszymusiledsnaiiimun
2) yeuMsiulsemuevedUigitussuuinsdnnilianewuuiealndlaelide
Aldareidlesanldnuandd "Miss cal’ Tnoviuiifguioidn CARE-box Lile
FuUsEvuen CARE-box azvhmsdedayanalududsninesvenadesmnaufinmes
IfﬂHﬁmmﬁmﬁlﬂﬂé’nﬁlzL‘ﬁu%@yjﬁiumﬁLﬂ‘é’wﬁ’gﬂLLUU“UE]WD’]Mﬂﬁ’]LﬂMQIUHﬂiﬁUEI’]
URNAVRH
3) \iledihelaiiln CARE-Box tlefulszymuesnlurisnaniiimun szuvaziinisuds
Toyaa TAnsfudsmundounds 7 Suludadmihifiguanisinudiaese
uue] HIUNI9 SMS (Short Message Service) Lwaiwmmmawﬂaa WAZANTUNIT
aounn unlatymsield
a) dleffihefionnsiafes videldeadesyninmsinu aunsanatuiioguundes
gilednseludadmihfinlimssnuldviuil wazannsananednawlilaglid
Aldaedmsudiae Tnoflieagldfundaes CARE-Box Milendmsusuusenuly
visilu 2 017ing Werthendusmuuwndaniinfagldsugfiuiiofuusenuly
nualukiazifauauAsTu 6 theu Tuseninnissusemue gUieaiuisave
FUnwangliuinismanmsunmslddaessuu CARE call fiRnsslufundos
CARE-Box
MnAmanTRkaznIuRdfind et CARE call Fadunisadrstesmadonde
dmsuifihouazilmsinu (Connection)'® Tneldgunsalfifistausenda (Affordable) fnns
eulkitresuusemusniefsnauazioudmihifiguaidenuinfiasldsudszniuen
(Reminds) Wil#gUrsamsaufUadnarsuusemuesildmuiiun ndlanaununsinuld
(Enabling) uazdadunsiasuutasszuulneiuiifvainugaguédnals (Patient centered
CARE) ¥ilsidmiiiansnsolfnafuithefifidymlunisdnuldgniomsadiuazanndadu Tu
Uunvesszmalvg Smindsanedadudmiaifisenuransinvinlsafinseunquiady
Tomalunsiannguuuumsinungtheialse welitheianusiuile salalunisinuinlse

Tilanad s dudesujutiulunisadnanuduiusifsenidieswazdliuinislussuuauniming
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3. Wwneuazinguseasd

3.1 Wvune

WinUseluUseanSuaveaseuu CARE-call Tun1sfnm un1ssuUsEmuen e

adnavenazaldlalunmshvivestieialse

3.2 IngUssaAvaINsITY

1) fieiSsuiiisy adherence rate Yaanguilaiunssulsenug1fiesz Uy CARE-call
funguitlailésy

2) \lewFeuidioy default rate vesnguilld3umsFuUsEMMUYNfeTEUL CARE-call fU
nauilailésy

3) \fleiUFeuliiny treatment success rate ¥3nguTlAFUMTIUYTEMUEIFBTEUY
CARE-call funguitlailésu

0) Weusziiudhnauanuaseuaguuesaulitalsaiiaglifunisiulssmug e seuy
CARE-call (Coverage of CARE-call)

5) fieUsziiualdansway sustainability v8ensldszuy CARE-call Tun1ssuuseniuen
(BNAPEPNED

4. s21U8uITIY /NsUsENIAKE NaTlATIRdeYa
4.1 52:08U35998 (Methods)

4.1.1 IMUIUBEFUATNNIINITANLABN

v
1Y

AU talsaynieaglasumsgliinnulasmsidy Inelidunouniulsanu (§U 2)



2 ar = 03 o
gﬂﬂmm‘[iﬂwmummmmsﬂmaan

o : ' = ' ‘
vinnsgusnadiaiiouuangy

gUawufiasnisidiisaulasanig
(Randomize 300 $1¢)

nguflAZUNSARAINNNSTUUTEN UL nEuTlAZUNSENIAIIINATF AN
(Case group, 150 512) (Control group, 150 518)
A
i
Yes No

oy

Health personnel DOT

Yes No

nguil#szuy CARE=call

‘ Mobile DOT

neuitl#azuy DOTS

o 2 e oe & ¢
® \Syuifisy adherence rate (3nndayaiituiinlilulusunsupeuiiunes CARE-call uag pill count)
® fnpnunanisinyninilss
- S )
- Uszlupanissnenidasaau (Conversion rate)
- Wiyuifrusns1wan1sSneNINndn 2 LAy (Lose follow-up more than 2 months) LagaRsINTSSNEN
= o & v
#7153 (Treatment success rate, TSR) lRUgANIT5NY
o UszifiudnldieTunisidssuy CARE-call uaz DOTS

JUN 2 fsnunansnisAnidenatanain i siulasensiinguilse uuAnaunsSulsemuguag nay

AATUNITINBINIUNIR TFIULAN



il AauzdRdeUszanaliiasyinsdnidieonetanadasgUisialsannseneduegly

X do IS v v A 1 [J 4 U 1
NUNDUNBLUDY VBIAIMNIAEIT1Y LUUIIUIU 400 AU ANAINTBEAE 20 SU’ENQ‘U’JEJ‘US%J?H&JW?Q

¥ a o [ Y o o A v v o [ o ) = [ Y Y v a o
L?J']TJQJﬂ'Tﬁ’J"\]EJVLW WD991NYBANG A 1) 1N1®@Wﬁ8@§1uaqLﬂEJLlIENLSUU\ﬁTEJ 2) LWUKADIVINYIN

U

DOTS ague wag 3) ldfivdnuseiuguan
sty Fidedaathmnelildonaainsedieios 300 518 Wnsududunguigngulld
U dl !

naBs CARE-box 150 518 LeldiSeuiisuiunguignaulvlasunsinwinuuuinsgiusy

q

[

91u3u 150 9718 Inenuinlungunaasd (case group) Hduaalnsdnvildvnse Faluideodld

Ag7) q

nsihseTannsAugwuuilgdann (szuu DOTS FaleuA?d Mobile DOT wie Health
personnel DOT)

wililosdenuin Srurneranaiasliidulunutmneaunandisimun 3eldinng
ggneiuiiluen 4 sunelndifes Ao o.uddu sl e wiu way e wgudene welwls

FIUDIENFNATANTIMUNY 300 518

4.1.2 nadinsdadanguneinlsadisaulasng
1) nguiilasun1sianunssulsemuefieseuy CARE-call w3aszuu DOTS

Inclusion Criteria

1. BuitastulseildunistunziSewdiiofunisinuilussuunisinaiuineives
151U UTEYIAATIEN katlIINENUIAlNAAIBN 4 UKa AD SI.LLTU TW.LY
817 NN iW.WiyﬂLzﬁ\ﬁ’]EJ Ysuuszunad 2559-2561 VN3G

2. lasunsguidenuaziudldszuy CARE-box #ilimstiounasfinn1unssulseniuesieg
SyUU CARE-call vi3eldszuu DOTS

3. gheliaudugenlunislidunivel lideyanivsziloureUlis WazNan13nsIanIg
s fiRmsfidedesiunsfaidotalsavosie

4. anunsalideyanisiulsemuelanasnnisinm

Exclusion criteria

Jugdestanlasunisvih DOTS agudn
2. gthelilinrugusaylunslidunivel Titeyanvssidourertie wasnan1sngIanig
el URnsineteaiumsineiadsavesiae



2) ngunsun1sinuInnasnsgu

Inclusion Criteria

1. BuitasfulsedildfunistunziSewdiofunisinuilussuunisinaiuineives
15MgUIATE8UsEYILATIEN kaglINeNUNalnAAeedNn 4 une Ao SI.LITU SI.LY
817 NN iw.wzy%ﬁmﬂ Ysuuszunal 2559-2561 VN3G
gndudenivildsyuy CARE-call uag DOTS
AUrglvimnuBugedlunislvdunival Tddeyatnvseiloureding wasnan13nsIaNIe
HosufiRmsfiieadesiunsinidotalsavosiae
Exclusion criteria

Jugdestafilasunisvin DOTS agudn
2. gtheldlvianudusenlunmsldunivel IideyanyseilouvesiUin uagan1nsia
meesluRnsiifettesiunisanideinlsavesUs

Discontinuation Criteria

HUleveRenaINNSANYINIENaRINAALE UL BULAY

N9 I D188 ASEANAINNISANYINGLASINS
aanaAskifoInsiinsiunsanyIdeliinlunailavesnisise

4.1.3 Fmsiudoya

Wenndtnnuasisaauimingeasgsiudulsmeiuialsselsesyn e yalis

Y

[y

sTalsanazlsaeadlanindessiedssuulunstnse il sAsINNINISHINISINNE 0 Tl sALie

[

58 39509M15 8R0S N TULSANAILATU W.A. 2538 kardszuunsTunstlausnuinlsanu

weueveadminegud vilnigiudeyanauisansivaeudsyifivesiirealsaindudielm

[ <

= [ Y A Y v v & ~ P A va ¥ 1 14 = a v ]
Wi@LUUI}JlU’JEWmﬁUL‘UUGU’]bL@ ﬂ\‘iuuLS‘JE]E)lU'J?;WIQJ?‘]‘Z]JﬂiJUG]L‘UTi’JiJIﬂ%'Qﬂ'ﬁbL@ NIININTUIIYTIUYIN

o

Wnthivseaeadnialsalulsame1u1aidiease sy AT e nkagl Sang1U1agusuna 4 wis la
& = = au & D2 < a [ a A v o A
Fuaatan1sAny el warlvigtieduluguseunngtheduihulasinsaunguigUisazainla
nuuIinAvdeyaannstndseiinissnvigiednlse saudedaaildanelunisldszuy
CARE-call wagasuramssnurinilsavestieiidrnulasanis

4.1.4 N15U8ANNEULRY Informed consent

o
av A

ANgAINNMTITELdegazdenvedlasimfeilinaulavariden Ingoraradasngusiii
$ulA5aN15398 gldTuienastuasdoyalasainisive veawduseuid15iulATIN15ITeaIn

ananainsedraluaednualdnes vnmsdunivalilenudoya lnveraadaslasurvawediniy
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Mg91eindu aAuldazainauignasnisidean araadaswiazaulasudayatneldu

Y

3.

[y

s ax ) ¢ al i Yo a8 A a &£ = v v o
G]Q‘Ui%ﬁﬂﬂ Q9N13739Y ‘lJisIEJ‘ZJuwmmwﬂmU LAZAIMULFYINDIANAVUIINNTITANTYT ATALITRUIN

va 1% Y av Y a a a o Y a v I 14
ﬂ@ﬂﬂmgﬁ‘}lﬁ]f\]ﬁl I@SLﬁ]qﬁuqﬂlﬂaﬁUWUi’]UagL@ﬁ@%@ﬂiﬂiﬁﬂ’]i?ﬁ]ﬂ ﬂ’]imﬂﬁﬁﬂﬂﬂiﬂﬂqijfﬂULUUVLTJW’JEJ

Awadnslanazdidnsiulasinidenaulidnsaouiieenatniasinistanniile anaadasndusey

Y

WrslasensisgazlasunissesveliasunyluniadonananundueauiinsIulasinI$I9

4.1.5 d01UNANYIIVUATILETIARN W

NuNAnEITeesunaalasiinlassn T Ul sane1uraluT i nLd 9518 911U 5 witg
& a 6 6 = & (-]
A lsangnunalisangdszyunsen (smeruadud) 8n 4 1same1unagusy As Lsang1uiauddu
Tssneuiawian Tssmenuianiu lsaneruiangidiese laedfinseunatveslasinis 18 o As
Ague 1 ueIeU 2559 — 28 NUAWUS 2561
4.2 35n15UsEU2aNa
4.2.1 N15IANTLUIUNITTUUTTNIUYILATHAYBINIS5NYT (Measurement of adherence

process and outcomes of Tuberculosis)

1) Wudinen (Pills count) se%iINsAARLN1TSNY

2) Fuuadeitfithelsiuinun

3) Sovazuoan1sinuiiliiadi3a (Success rate)

4.2.2 N13AATIEYitaya Data Analysis

1) Wisuiiey adherence rate Yosnguiiliszuy CARE-call+ DOTS funguiifunis
SNYIRUNINTFIU

2) Wisuleusnsn1svnen (Default rate) uazsnwnndsndsa (success rate)
mMsinTziteyaagyinlneisadd Chisquare LeLUIsuLfisudnsIn1svIAe
(Default rate) wazinw1inilsndnda treatment success rate (TSR) v@4ngy
o1enaiasldsy Uy CARE-call way DOTS fu nguiifumsnwiammnnsgiu

3) Wisuifisuailddeannisldssuu CARE-call iintuase Auailddnelunis
aﬁuaymsw DOTS 1 compensation to health care worker wag patients R
Wuszuuihunldlunsdudunues global funds fiaduayunisauauialse

4.3 NadnIIzvidaya

[

lasnskiimsinseiteyataandlusunuureagunnuasnse qadl
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‘ 300 enrolled cases ‘

l

l

Intervention group

Enroll 150 cases

Exclude cases: 3
——  Change diagnosis 3

v
Month 2

147 cases

v
Month 4

147 cases

Exclude cases: 1
Change diagnosis 1

v

Month 6: 146 cases
- Success 97
- Died 13 (atmonth 1, 2, 3, 5, 6)

- On treatment 36

|

Control group

Enroll 150 cases

Excluded cases: 1
Change diagnosis 1

A 4

Month 2
149 cases
Exclude cases: 3
Change diagnosis 3
y
Month 4
146 cases

A\ 4

Month 6: 146 cases
- Success 94
- Died 13 (at month 1, 2, 3)

-Loss to follow-up 5

- On treatment 34

JUN 3 Iuueaadasvesia 2 ngunidnsidlulasinig
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Number of Treatment Days in Death Cases

Case group

/

/Control group

/

10

11 12 13
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M50 1 1Seuiisuteyaiiugiuvesananaldnssenitanguldseuu CARE-call (intervention) Uagy

nauAIuAN (control)

Intervention Control
Characteristics p-value
N=150 (%) N=150 (%)
Gender
Male 105 (70.0%) 95 (63.3%) 0.270
Age (range, mean) (19-90, 52.5 +16.5) (16-93, 52.9+17.7) 0.651
16-40 39 (26.0%) 37 (24.7%) 0.771
41-60 65 (43.3%) 61 (40.7%)
60+ 46 (30.7%) 52 (34.6%)
TB site
Pulmonary 125 (83.3%) 128 (85.3%) 0.712
Extra-pulmonary 18 (12.0%) 18 (12.0%)
Both 7 (4.7%) 4 (2.7%)
Education n=149
Illiterate 40 (26.7%) 46 (30.9%) 0.445
Non-Iliterate 110 (73.3%) 103 (69.1%)
Occupation n=112 n=92
Unemployed 28 (25.0%) 25 (25.5%) 1.000
Employed 84 (75.0%) 73 (74.5%)
Median monthly income (range)* 7000 (600-50000) 6500 (500-70000) 0.561
Co-morbidity
Yes 44 (29.3%) 48 (32.2%) 0.618
Smoking**
Yes 50 (33.3%) 41 (27.3%) 0.315
Drinking**
Yes 44 (29.3%) 50 (33.3%) 0.534

*Only in the employed, **Ex- and current-smokers/ drinkers
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A157199 2 Jadendunusiu medication adherence

Adherence <80%

Characteristics Yes No p-value
n=30 (%) n=192 (%)
Gender
Male 22 (73.3%) 118 (61.46%) 0.230
Age
> 60 13 (43.3%) 65 (33.8%) 0.318
Nation
Non-thai 0 (0.0%) 10 (5.2%) 0.365
Religion n=25 n=166
Non-religion 0 (0.0%) 1 (0.6%) 0.532
Buddhism 19 (76.0%) 131 (78.9%)
Christianity 5 (20.0%) 32 (19.3%)
Islam 1 (4.0%) 2 (1.2%)
Education n=191
Iiterate 10 (33.3%) 55 (28.8%) 0.668
Occupation n=15 n=132
Unemployed 6 (40.0%) 28 (21.2%) 0.114
Poverty
borrowed some money for this 6 (20.0%) 12 (6.2%) 0.021
treatment
sold or pawned something for 1 (3.3%) 2 (1.0%) 0.354
this treatment
Ability to do daily activities
Could not do anything or poorly
7 (24.1%) 10 (5.2%) 0.003
do
Drinking 11 (36.7%) 59 (30.7%) 0.531
Use an illegal drug 3 (10.0%) 11 (5.7%) 0.412
HIV Positive 9 (33.3%) 18 (9.5%) 0.002

15




M15°99 3 WIgueUenT1duI LU non-adherence YaeviadINEU T adherence ¥6UAN4 <)

Adherence Intervention Control

. p-value
(Pill count method) n=110 (%) n=112 (%)

< 80% 11 (10.00%) 19 (16.96%) 0.169

> 80 % 99 (90.00%) 93 (83.04%)

< 85% 14 (12.73%) 20 (17.86%) 0.352

> 85 % 96 (87.27%) 92 (82.14%)

< 90% 18 (16.36%) 20 (17.86%) 0.859

> 90 % 92 (83.64%) 92 (82.14%)

< 95% 21 (19.09%) 30 (26.79%) 0.203

>95 % 89 (80.91%) 82 (73.21%)

< 100% 21 (19.09%) 85 (75.89%) 0.007

100 % 89 (80.91%) 27 (24.11%)
1 4 Wisuiisuranisnuialsnvesiia 2 nau

Intervention Control
Characteristics p-value
n (%) n (%)

Treatment outcome

Success 97 (88.18%) 94 (83.93%) 0.101

Loss to follow up >2 months 0 (0.0%) 5 (4.46%)

Died 13 (11.82%) 13 (11.61%)

Total 110 112

*See Figure 2
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z:l' S Aa o ' °
M50 5 @ mansideTIn (cause of death) YesenanalinsveIngunAaes 31U 13 518

Subject ID Onset/Date Cause of Death Adherence(%)/
auSuiildsunsdnen
of event
578 1 15/1/2560 Jalsavan 0.6/ 21 Tu
HSRI-CS-037 (HeoTIndicw)
5187 2 7/4/2560 Septic shock 27.2/ 64 $u
HSRI-CS-061
5167 3 2/2/2560 Respiratory failure 1.7/ 6 3
HSRI-CS-071 AIDS
51817{ 4 29/4/2560 COPD 25.6/ 50 Tu
HSRI-CS-091 (FHeTIniit)
5787 5 23/9/2560 CA Nasopharynx 96.9/ 192 fu
HSRI-CS-095 (FHeTiniitn)
5167 6 19/8/2560 Lymphoma 82.2/ 167 1u
HSRI-CS-100 (FHeTIniit)
5107 7 17/7/2560 Aaelunsyuaidon 23.3/ 67
HSRI-CS-170 (FHeTIniit)
(TW.L3I9U)
5707 8 6/7/2560 AUAnUNRvRIsTUUMGAUIgla 2.8/ 8 Tu
HSRI-CS-202 (HeTiniit)
(.43 )
5167 9 20/8/2560 Jadlsn 23.3/ 73 3u
HSRI-CS-203 (HeoTIndicw)
(TW.L3IU)
51871 10 12/8/2560 amznsmelaauman 8.3/ 32 u
HSRI-CS-213 (FHeTIniit)
5109 11 16/8/2560 TodlsaUon 17.8/ 33 Ju
HSRI-CS-238 (FHeTIniit)
(FW.uan)
5107 12 3/10/2560 Uonsniaufinie 17.2/ 68 Tu
HSRI-CS-252 (FHeTIniit)
5181 13 17/12/2560 Septic shock 64.4/ 116 Tu
HSRI-CS-263

17
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z:l' S Aa o ' °
M3 6 AMANSEETIN (cause of death) YesenanalinsveINguAIVAN F1UU 13 518

Subject ID Onset/Date Cause of Death A:,j hj rir,] ce(‘Vi)/
of event awAunldsunssnu
518 1 18/12/2559 Pulmonary TB 11.1/ 20 Tu
HSRI-CO-014
5107 2 13/3/2560 Septic shock 5.0/ 66 T
HSRI-CO-075
e 3 1/5/2560 uziSweu s 7.8/ 63 Su
HSRI-CO-086 (FHeTInditn)
51871 4 23/3/2560 Linwutayanisane 3.3/ 61U
HSRI-CO-097 (FHeTAniitn)
518 5 24/6/2560 Taulsaven 3.3/ 60 Tu
HSRI-CO-143 (FeTinditn)
(F.LU)
51071 6 9/9/2560 CA Base of Tongue 38.9/ 108 1u
HSRI-CO-164
(SW.uaqu)
i’]EJ‘ﬁI 7 14/7/2560 COPD 9.4/ 17 Ju
HSRI-CO-204
(SW.weysiasne)
0 8 25/7/2560 fnmvinidelunszuaiden 11.1/ 34 Ju
HSRI-CO-207 (FeTInditn)
(FW.L31)
57671 9 27/8/2560 oilsn 7.8/ 53 Yu
HSRI-CO-208 (FHeTInditn)
578 10 18/7/2560 Septic shock 3.9/ 7 Ju
HSRI-CO-214
518 11 12/8/2560 P3N 14.4/ 96 u
HSRI-CO-220 L
(5w ey udiesne) (e T
518l 12 2/9/2560 Uondniauinide 6.1/ 11 Ju
HSRI-CO-280
(TN W)
5107 13 14/6/2560 puaultmesviotongaiuioss 20.6/ 50 Ju
HSRI-CO-296
(FW. W)

8 Aa ¥ Aa aa Ay Y v = s
ANIYLIAB ﬂ']LV@ﬂWiLaﬂ%QWIUNU’JHWLﬁU%?GW]‘UTU AUITINTIUVBDHANSIUYUITY I ﬂigmigquﬁqﬂimﬁl
EE—— U ) Y
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M50 7 YeyaenanadnsnuinnisinyivesngunIual 31 5 g

1AndAs | WA | Jundenisshw Sneazdun
1A59n1S Wuwanissnen

5787 1 1/3/2560 19/8/2560 Ufasinduialsa: fansuuinsduvedlsimeuia 1y 3niadu
laninlug Armuaien1sinsuay aun.sw.an. waldgousnsnene

5789 2 18/7/2560 11/11/2560 HUredwianissnuluaedmin (transferred out) usiEUaels
WdanssnwfanuneIuIalaten1e Wsaeunuugiasns
Shwielaslidayainmend inswliufionnisdae

87 3 7/4/2560 17/7/2560 PINNITIAY AU 2 LAY NAUNT admitted waztdadin 3/9/2560

TWN 4 | 29/5/2560 17/9/2560 AUredwionssnulumedmin (transferred out) ukd1sunTs
SN UNgIUIAUAIENIE1TINTN 2 LHBU YL EMAITAY
@unzidyy TAD) MassnelagAININaeauNITINElULABU
nuAIAN 2561

5789 5 11/1/2560 8/4/2560 1ANN53Nw AU 2 weu teeldaiunsalnsinnale
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M1517 8 Yaganisinsdniniid i iundesenveseranaing
Male patients Female patients

Characteristics (N = 105) (N = 45)

Number of patients using CARE-Box to call TB

clinic

20 (19.0%) 14 (31.1%)
Number of calls 38 times 27 Times
Reasons for call to TB clinic nurse
- take medicine 3 2
- health problems/ side effect from the 17 7
medicine
-follow-up appointment 3 4
-CARE-Box function/telephone signal 15 14

Note: some patients had more than one

reason to call

Calling during TB treatment course

0-2 weeks

>2 weeks — 1 month

>1 - 2 months

After 2 months

10 (26.3%)

16 (42.1%)

5(13.2%)

7 (18.4%)

13 (48.2%)

5 (18.5%)

3(11.1%)

6 (22.2%)

Calling time

08:01- 16:00

16:01-24:00

00:01-08:00

20

16 (42.1%)

16 (42.1%)

6 (15.8%)

13 (48.2%)

11 (40.7%)

3(11.1%)



AM91971 9 Aldaelunisldsyuu CARE-call

Arldanedmiudngsdhwszuy | Arldaneninatuase
51915
(v ) (v )
ATUSNNSLASEREINTAN VB server 19,800 19,800
ATUSNSLAS UL N SANILAR DUTIV D 2,193 1,420.20
WeU/AmT IR LN 35w
ATUSNSAS Y8 nsANTvRInanssInla 26,404 114.24*
Haical
Al 5,219.28 5,219.28
33U 53,616.28 26,553.72
WY (MENISNWT 6 LRaw) 346.63* -
*“Jayanussulauetanadag (4 wgalneney 2559 feTui 16 nuAus 2561)
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WUl 4-6/3UNINAUGANITINY 100 100
33U 900 600 27,000 5,400
TIVNEY (U/518) 1,500 U (71D 6 LABw) 32,400 (s1® 18 LAaw)

1%

‘ﬁn.
=
=}

o

duuanuIoU new funding model (NFM)
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M5 11 Yoyaiiugiuveseraalinsnguitldseuu CARE-call MM IaUNUINGY 6 518

. Monthly | Mobile Daily
L. Marital . . Type e Adherence
Participant Gender | age Education Occupation Income phone reminding
Status Of TB . rate
(baht) user time
) Primary PTB
1 M ar Widow Unemployed 0 Yes 20.00 100%
school (AFB-)
. Primary . PTB
2 M 60 Married Agriculture 5000 Yes 20.00 100%
school (AFB-)
Junior
Business PTB
3 M 27 Single High 10000 Yes 21.00 95%
owner (AFB+)
school
. Primary PTB
a M 65 Married Home care 600 Yes 21.00 99%
school (AFB-)
) Primary Business PTB
5 M 82 Married 1800 Yes 20.30 100%
school owner (AFB-)
) Primary
6 M 67 Married Home care 600 Yes EPTB 20.30 97%
school

Note: EPTB = Extra-pulmonary TB
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P31l 2 Fatfu Aruan AusuLwensthe uasmsindeiadleisdodutladefiviliiAn non-
adherence wasonaaaslulasinsil

MnuaMATIERUTeuTiy adherence vasisaaingudl adherence sediusng 9 Aasaud
$ovaz 80 - 100 (A51971 3) WU LamzszdU adherence 71 100% Wudns@LT I EATATIY
nguAUANTAT adherence foundn 100 Funndflunguiilészuu CARE-call lunsAnmianis
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Effectiveness Evaluation of CARE-call System on Medication Adherence and Loss to
Follow-up Rate Reduction in Tuberculosis: A mixed method study

INTRODUCTION
Tuberculosis

Tuberculosis (TB) is among the top 10 causes of death worldwide. In 2016, 10.4 million
people contracted TB and over 1.7 million died from the disease (WHO-a 2017). For
Thailand, one of the 14 high burden countries encountering TB, TB/HIV and MDR-TB
problems, is estimated to bear 119,000 people diagnosed with TB and 12,500 death cases.
(WHO-a 2017). Adherence to treatment during a six-month treatment course plays a pivotal
role in ensuring treatment success. However, around 20% of patients in developing
countries are in poor adherence, which may lead to an expansion of treatment course,
relapse or drug resistance. Forgetfulness, side effect of the drugs or perception about
aetiology, illness and wellness are believed to be barriers. Although Directly Observed
Treatment (DOT) is recommended by World Health Organization (WHO) to ensure
medication adherence, some limitations are observed such as travel cost, time-consuming
and patients' lifestyle intervention (Garfein 2015). Scientists have tried to find a pragmatic
way for overcoming these obstacles and the information communication technology (ICT)
may be a solution. Using SMS or electronic pill box to remind patients and promote
adherence is an example. Nevertheless, any strategy to improve adherence needs to
improve health services and ensure needs of patients (Garner 2007). Providing real-time
consultation service, which SMS and electronic pill box systems deplete, may be considered
as a model of patient-centered care. Moreover, a good relationship between patients and
health care workers (HCWs) bonded during the service is proved to promote adherence. To
fulfill this gap, a mobile phone-equipped electronic pill box and internet-based innovation
called “CARE-call system” to make a two-way communication possible and enhance TB
treatment adherence is developed under the basis of four principles: Connecting, Affordable,
Reminder and Enabling. Figure 1 elaborates these characteristics and illustrates how the
CARE-call system works. This paper reports the results from a randomized controlled trial
study and a qualitative assessment of patients’ perspectives on this innovation.
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Figure 1 The schematic of CARE-call system, adherence monitoring application and the

two-way communication between patients and healthcare provider. An automatic alarm from
a mobile phone-embedded electronic pill box called CARE-Box will remind a patient to take
TB medicines. Opening the box will trigger the missed-cal signal to a computer server. When
the patient does not take the medicines, the computer server will send an SMS to the
healthcare provider so that the patient will be contacted whether consultation is needed. On
the contrary, the patient could directly make a phone call from the box to ask for the
consultant service from a healthcare provider.

METHOD
Setting

The study was conducted in Chiang Rai, the northernmost province of Thailand. Participants
were recruited from five TB clinics of Chiang Rai Prachanukroh Hospital (CRH), Mae Chan,
Mae Lao, Phan and Phraya Meng Rai hospitals. CRH’s TB clinic is responsible for both
patients living in the catchment area and referred patients from 17 community hospitals.
Diagnosis and treatment of TB are free for Thai citizens. Annually, around 600-700 TB
patients are newly diagnosed in this hospital. The TB clinic is managed by a registered
nurse. Regarding TB treatment, patients initially receive two weeks' worth of TB medicine
followed by monthly or two-month-interval follow up with at least one-month medicine supply.
Patients are under either DOT by family members or self-administered therapy.



Data Collection

From November 2016 to August 2017, 300 newly TB diagnosed patients were invited to be
participants. All participants signed consent forms and were randomized into control or
intervention group. The participants in both groups received the same services such as TB
education, drug counseling, daily packs of TB medicines, adherence evaluation by pill count,
a short interview, and 600-Baht (around 19 USD) compensation for research participation.
Only the participants in the intervention group were monitored their medication taking by
CARE-call system with an orientation to operate CARE-box. On the contrary, in the control
group, the visits were dependent on the physician's appointment and usually occurred 4
times: at week 2, month 1, month 3 or 4 and month 5 or 6. Participants from both groups
were followed up for 6 months.

Analysis

Baseline demographic, social and clinical characteristics, adherence (intension to treat
system) and treatment outcomes of both groups were compared. Data were analyzed with
Exact Probability Test, t-test and Wilcoxon’s Rank Sum Test with STATA 11.0 at 95%
confidence interval.

Qualitative assessment

A list of participants achieving adherence rate at least 80% in the intervention group was
generated. Ten patients were randomly selected from the list and invited to participate in a
focus group discussion (FGD). The study’s trustworthiness was ensured by conducting the
FGD in a non-hospital setting without the presence of hospital's staff or research nurses
(Cresswell 1998). The two-hour discussion was conducted using northern Thai dialect. The
FGD session was recorded by an Integrated Circuit (IC) recorder and later transcribed
verbatim using Thai word processing. The researchers analyzed the transcript and assigned
themes and coding.

Ethical consideration

This study adhered to the Declaration of Helsinki on research involving human subjects. The
study protocol was approved by the Ethical Research Committee of Chiang Rai
Prachanukroh Hospital (IRB no. CR0032.102/30981). Written informed consent was
obtained from all participants.

Result

Three hundred TB patients were recruited and an equal number of participants were
assigned to the intervention and control groups (Figure 2). Participants with changing
diagnosis were excluded and only participants having treatment outcome such as treatment
success, death and lost to follow-up, except 70 on-treatment participants, were then used for
adherence evaluation.

In this study, there were no differences observed in baseline characteristics between the two
groups (Table 1). The ages range was 16 to 93 and around one-third of the participants were
elderly. Almost 85 had pulmonary TB and around 30% had co-morbidity. Around one-third of



the participants were Iilliterate, and around 25% of the participants were unemployed.
Proportions of smoking and drinking were similar at 30% of the participants.

The medication adherence in both groups was assessed by pill count against the prescribed
number. In Table 2, at 100% adherence level, the data showed a significantly higher number
of non-adherent patients in the control compared to the intervention group. In term of
treatment outcome, indifferent rates of treatment success, death and loss to follow-up
between two groups were observed (p = 0.101, Table 3). However, five lost to follow-up
participants were found only in the control group.

In the intervention group, 23.0% used the CARE-Box to call the TB clinic nurse with higher
proportion in female (Table 4). However, the number of calls was higher in male. Around
65% of all the calls were made during the first month with higher proportion in female in the
first 2 weeks. Eighty percent of the calls made by both male and female were usually at two
durations with similar proportions, those were at office hours (8:00-16:00) and after work
(16:00-24:00). The consult reasons were about taking medicine, health problems/ TB
medicine’s side effects, follow-up appointment and CARE-call function. Male mainly called to
consult about their health problems or the side effects and to complain about CARE-call
system while the last reason was mainly found in the female. The nurse recommended the
participants with the side effects such as headache, itching, rash and vomit, to visit the
doctor early while a participant with dizziness was suggested to see the doctor at regular
appointment. For CARE-call functions, having no alarming sound, alarming many times a
day, calling back due to misunderstanding were listed.

For focus group discussion (FGD), six patients could participate. The baseline
characteristics of the participants are summarized in Table 5. All the participants were
males. Four of them were in retirement age receiving elderly allowance from the
government, while the other two were in working age being under unemployment or earning
monthly income fairly similar to the labor law minimum wage (i.e. 9,000 baht/month or 300
baht/day). Majority of the participants completed primary school. All except one of the
participants had pulmonary TB. Most of the participants set the medicine reminding time at
8:00-9:00. All the participants achieved 95-100% adherence. Half of them reported of
drinking and smoking. One of them stopped both behaviors, while the other two stopped
drinking and were trying to reduce smoking after suffering from TB.

“Since the doctor asked me whether | would like to be cured from TB and if so alcohol
drinking must be stopped and take these medicines. So, | stopped all.” (Participant #5)

In term of participants’ TB experiences, all except one did not experience self-TB stigma or
discrimination. For example, a senior participant publically announced his disease in his
class at an elderly school without any discrimination from his class mates. A self-TB stigma
was reported for fear that the discrimination might occur.

“I did not tell anyone (laughed)... I...1 did not tell, | did not dare to tell anyone. | am afraid
they may have discrimination towards me”. (Participant #5)



The weakness during TB contraction affected family income with 1 to 3-month inability to
resume working in two participants. Skin rash as a side effect of anti-TB drugs was reported
from three participants. Only one patrticipant reported his dizziness; notwithstanding, the
medication taking was continued without problem.

Regarding participants’ perspective towards the CARE-call system, all of them were satisfied
with the system. Despite the daily packs of TB medicine, the reminding function and the two-
way communication mode were remarked. All the participants perceived the system helped
monitor their medication taking by notifying the caregivers to call them when there was no
signal transmitted from the box to the server.

“l am glad to have this box. The elderly are usually forgetful. It is for forgetfulness
prevention but | did not forget. It could not be forgotten. Just do like the doctor said. If we
discontinue taking medicines that we have taken for 2 months, having not taken only one
tablet means a restart of taking medicine. Just follow what doctor said.” (Participant #3)

“It is better that the daily packs are in the box since it provides an alarming sound to
let me know it is time to take the medicines.” (Participant #4)

“The advantage is that it is easy to contact with the nurse. Sometimes if | have a
problem after taking medicines, | could consult the nurse.” (Participant #1)

The limitations of CARE-Box were also mentioned. Poor telephone signal and fast battery
draining were reported. Signal was un-transmitted to the server although the medicine was
taken and advice to have a plug-in mode was raised.

“Since the box must stand-by all the time, the battery may deteriorate and could not
last until the next follow-up.” (Participant #6)

The participants were also asked to discuss their preference between using CARE-call
system and healthcare volunteer DOT. All of them would rather use the CARE-call system
since they felt there were some difficulties such as no convenient time, a risk of losing their
confidentiality and being discriminated. Self-medication will be their first choice if there is
only the volunteer DOT available. On the contrary, two senior participants may be able to
follow the strategy without problems since they have plenty of time and their houses are
located near their primary care unit.

“So | would like to ask how the volunteer could manage if there are 20-30 patients at
a time. It is nonsense. Patients may be able to follow this method but what if we have a
business outside or even going to another province. What will the volunteer do?”
(Participant #6)

The desire to be cured and not to transmit the disease to people was expressed as a key
motivation while the side effect like rash was an obstacle for medication adherence was
addressed by a participant.

“My motivation is that to obey the doctor’s advice. Just take medicines the doctor
prescribed. That’s all.” (Participant #3)

The participants were also asked to state their opinions about the possibility in installing a
video mode onto the CARE-Box. One of them accepted this idea. Two of them though it
might be too complicated while another two recommended the plug-in mode so that the
budget could be saved for producing more boxes for other TB patients.
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“It is better to have a box with the plug-in mode.” (Participant #3)
“Yes. Or make battery chargers. The essential parts would rather be added first.”
(added by Participant #6)

DISCUSSION

This is the first study reporting results of a digital innovation developed by Thai researchers,
the CARE-call system, to enhance TB treatment adherence. Three major findings emerged
from the study. Firstly, the electronic CARE-call system enhanced patients’ adherence to
oral-TB medications by its real-time monitoring function. Secondly, the system provides a
verbal communication between the caregiver and patients to promote the adherence to
treatment. Thirdly, the benefits from using the CARE-box operated under the CARE-call
system meet the patients’ satisfaction with more preference than the direct-observed therapy

(DOT). These are discussed accordingly.

A real-time medication monitoring system has been employed to ensure patients’ adherence
for several diseases. For example, SMS reminder could improve the adherence of patients
living with type 2 diabetes (Verviloet 2012), refractory epilepsy (Hettinga 2013), HIV (Sabin
2015, Ware 2016) and tuberculosis (Liu 2015). Trying to ensure medication adherence by
providing a way to contact a caregiver is also reported (Paterson 2017). In this study, other
than a normal audible signal, the monitoring function of the CARE-call system also
programmed to detect a missing signal from an unopened CARE-box and then texts the
caregiver to call the patient to make a second reminder. From the result, it suggested that
CARE-call system could enhance patients to achieve their adherence observed by the
significantly lower number of non-adherence at the 100% adherence level. The statistical
indifference of successful treatment outcome between the control and the intervention
groups might be explained by the ease of medication taking provided by daily packs or the

impact of incentive compensation the participants of both groups received.

Several studies suggest that physician-patient relationship is one of the key factors
promoting patient’s adherence to treatment (Martin 2005). With the verbal communication,
the CARE-call system widens a chance of poor patients without mobile phones to access the
service and provides a good relationship had grown through 24-time consultation calls from
15 patients. International studies reported the incidence of adverse drug reaction (ADR)
from the first line TB drugs varied between 8 - 85% (Singh 2015) while the CARE-call
system of this study reported 44%.

The current study reported patients’ perceived barriers and limitations of DOT similar to the

previous study conducted in the same province (Ngamvithayapong 2001). The CARE-Box
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innovation was developed to overcome DOT’s limitations by ensuring TB treatment
adherence. The qualitative study shows CARE-box could enhance good patient adherence
through the four characteristics of the innovation, namely connection, affordable, reminder
and enabling. The device was provided at no cost to patients. When patients encountered
with medication problems, they could use the CARE-box to call health. The CARE-call
system allows staff to monitor adherence and timely remind if patients forget taking
medicine. This device is quite different from several international studies reporting about the
use of mobile phone technology for TB treatment (Nglazi 2013). Those studies mostly
applied short message service (SMS) which is one-way communication, unlike CARE-call,
which allow a two-way verbal communication. It has shown that good relationship between
health care provider and patients enhances treatment adherence (Steyn 1997). As the
CARE-call was applied in a research setting, it may be possible that home visit by a
research nurse could influence good adherence. Although the purpose of home visits was
due to the technical issues of the device, such as weak telephone signal or battery power

shortage, visit with friendly communication may indirectly enhance patient adherence.

Globally, aging population is increasing and TB among elderly population is also rising.
Elderly TB have higher treatment failure, drug reaction and higher mortality (Cruz-Hervert
2012). Thailand in 2025, about 20% (or 15 million) of Thai population will be aged over 60.
The increasing proportion of elderly living alone is also observed in every region with the
average rate of 10.7% (Thailand National Statistic Office 2015). As a country with high TB
burden and aging society, Thailand has a large population at risk for TB which challenges
the effort TB care and control. The increasing trend of elderly TB also has been observed in
Chiang Rai. The proportion of patients with TB among elderly is yearly increasing while TB in
every age group is declining. In 2014, about 27% of TB patients in Chiang Rai were elderly.
Around 30% of the participants in this study were aged over 60 and most of them achieved
their adherence rates over 80%. Almost all were living with some family members. Whether
or not the CARE-call could contribute to elderly TB living alone is not understood by the

current study. CARE-call may potentially play an important role in caring elderly TB.

Studies from various countries reported TB and HIV attached to TB stigma caused non-
adherence to TB treatment (Chang 2014). A study in Peru employing SMS as a reminding
tool revealed inevitable TB stigma when the mobile phone was shared by patients’ friends
and family members (Albino 2014), so was this study, which is supported by the previous
studies conducted in Chiang Rai province in late 1990s (Ngamvithayapong 1997,
Ngamvithayapong 2000). This current study revealed Tuberculosis and HIV stigma still exist

in Chiang Rai. However, none of them refused home visits by the research team. Whether or



not the CARE-box can ensure treatment adherence in HIV-positive TB patients is unknown

and need further research to fill the current study's limitation.

Regardless of patients’ sex, age, socio-economic status and experience with mobile
telephone, the CARE-call could enhance higher medication adherence in the adult TB
patients. Nevertheless, the following recommendations may further warrant adherence to TB

treatment and facilitate TB care and control:

1. Interm of the innovation development, a better power supply of the CARE-box needs
to be improved, particularly the power supply for patients living in the areas where
the telephone signal is weak.

2. Elderly patients living alone and patients with visual or hearing disability may require
directly observed therapy by health staff or volunteer. If self-medication is inevitable,
some specific design of the CARE-box is needed to serve these populations. For
example, using reminding light signal or verbal instruction for the switch panel

3. If the CARE-call will be expanded to other health service settings, a short training for
health staff to use the CARE-call is required. The training should include not only the
technical aspect of the device but staff should also learn and develop communication
skill to improve patient adherence through a patient-centered approach.
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300 enrolled cases
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Enroll 150 cases Enroll 150 cases
Exclude cases: 3 Excluded cases: 1
—— Change diagnosis 3 —— Change diagnosis 1

v h J

Month 2 Month 2

147 cases 149 cases

Exclude cases: 3
Change diagnosis 3

v A

Month 4 Month 4

147 cases 146 cases

Exclude cases: 1
Change diagnosis 1

v Y
Month 6: 146 cases Month 6: 146 cases
- Success 97 - Success 94
- Died 13 (at month 1, 2, 3, 5, 6) - Died 13 (at month 1, 2, 3)
- On treatment 36 -Loss to follow-up 5
- On treatment 34

Figure 2 Number of cases available for adherence assessment in both groups
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Table 1 Characteristics of TB patients in control and intervention groups

o Intervention Control
Characteristics p-value
N=150 (%) N=150 (%)
Gender
Male 105 (70.0%) 95 (63.3%) 0.270
Age (range, mean) (19-90, 52.5 +16.5) (16-93, 52.9+17.7) 0.651
16-40 39 (26.0%) 37 (24.7%) 0.771
41-60 65 (43.3%) 61 (40.7%)
> 60 46 (30.7%) 52 (34.6%)
TB site
Pulmonary 125 (83.3%) 128 (85.3%) 0.712
Extra-pulmonary 18 (12.0%) 18 (12.0%)
Both 7 (4.7%) 4 (2.7%)
Education n=149
llliterate 40 (26.7%) 46 (30.9%) 0.445
Non-llliterate 110 (73.3%) 103 (69.1%)
Occupation n=112 n=92
Unemployed 28 (25.0%) 25 (25.5%) 1.000
Employed 84 (75.0%) 73 (74.5%)
Median monthly income (range)* 7000 (600-50000) 6500 (500-70000) 0.561
Co-morbidity
Yes 44 (29.3%) 48 (32.2%) 0.618
Smoking**
Yes 50 (33.3%) 41 (27.3%) 0.315
Drinking**
Yes 44 (29.3%) 50 (33.3%) 0.534

*Only in the employed, **Both ex- and current-smokers/ drinkers
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Table 2 Proportion of non-adherence compared between two groups

Adherence

(Pill count method)

Intervention

n=110 (%)

Control

n=112 (%)

p-value

< 80%

2 80 %

< 85%

285 %

< 90%

290 %

< 95%

295 %

< 100%

100 %

11 (10.00%)

99 (90.00%)

14 (12.73%)

96 (87.27%)

18 (16.36%)

92 (83.64%)

21 (19.09%)

89 (80.91%)

21 (19.09%)

89 (80.91%)

19 (16.96%)

93 (83.04%)

20 (17.86%)

92 (82.14%)

20 (17.86%)

92 (82.14%)

30 (26.79%)

82 (73.21%)

85 (75.89%)

27 (24.11%)

0.169

0.352

0.859

0.203

0.007

Table 3 Treatment outcomes of tuberculosis compared between two groups

Intervention

Characteristics o (%) N (%) p-value
Treatment outcome
Success 97 (88.18%) | 94 (83.93%) | 0.101
Loss to follow up >2 months 0 (0.0%) 5 (4.46%)
Died 13 (11.82%) | 13 (11.61%)
Total 110 112

*See Figure 2
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Table 4 Utilization of CARE-Box for communicating with TB clinic nurse, classified by

gender

Characteristics

Male patients
(N = 105)

Female patients
(N =45)

Number of patients using CARE-Box to call TB
clinic

20 (19.0%)

14 (31.1%)

Number of calls 38 times 27 Times
Reasons for call to TB clinic nurse

- take medicine 3 2

- health problems/ side effect from the medicine 17 7
-follow-up appointment 3 4
-CARE-Box function/telephone signal 15 14

Note: some patients had more than one reason to call

Calling during TB treatment course

0-2 weeks

10 (26.3%)

13 (48.2%)

>2 weeks — 1 month 16 (42.1%) 5 (18.5%)
>1 - 2 months 5 (13.2%) 3 (11.1%)
After 2 months 7 (18.4%) 6 (22.2%)
Calling time

08:00-16:00 16 (42.1%) 13 (48.2%)
16:01-24:00 16 (42.1%) 11 (40.7%)
00:01-08:00 6 (15.8%) 3(11.1%)
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Table 5. Characteristics of participants in the focus group discussion

Mobile .
Marital A n LAY phone Type D.‘""IY Adherence
- Gender age Education Occupation Income reminding
Participant status user Oof TB . rate
(baht) time
) Primary PTB o
1 M 47 Widow school Unemployed 0 Yes (AFB-) 08.00 PM 100%
i Primary . PTB 0
2 M 60 Married school Agriculture 5000 Yes (AFB-) 08.00 PM 100%
. Junior Business PTB o
3 M 27 Single High school owner 10000 Yes (AFB4) 09.00 PM 95%
4 M 65 | Married | nmary Home 600 Yes PTB 1 09.00 PM 99%
school care (AFB-)
5 M 82 | Married Primary Business 1800 Yes PTB | 0g.30 PM 100%
school owner (AFB-)
6 M 67 | Married | nmary Home 600 Yes | EPTB | 08.30PM 97%
school care

Note: EPTB = Extra-pulmonary TB
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