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Development of a NAT2 Testing-integrated Pharmaceutical Care System and

Changes in Anti-tuberculosis Drug-induced Hepatitis in a Community Hospital

Weerayut Pluaphan, Nipaporn Phudonpho, Somsin Saengsawang

Department of Pharmacy and Consumer Protection, Nonghan Hospital, Nonghan District, Udon Thani
Abstract

Objective: To develop a N-acetyltransferase 2 (NAT2) testing integrated pharmaceutical care system for newly
diagnosed pulmonary tuberculosis patients in a community hospital, and to evaluate changes in anti-tuberculosis drug-
induced hepatitis after system implementation. Methods: This quasi-experiment was a system-development study. The
subjects comprised new pulmonary tuberculosis patients aged 18 years or older who initiated treatment between October
1, 2023 and December 31, 2025 and received the standard 2HRZE/4HR regimen. Patients with HIV infection, pre-
existing liver disease or a known history of hepatitis, a baseline alanine aminotransferase (ALT) level greater than twice
the upper limit of normal value before treatment initiation, and patients with drug-resistant tuberculosis were excluded.
The development of a pharmaceutical care system with NAT2 genotyping was based on the concept of pharmaceutical
care, Donabedian’s structure—process—outcome framework, and two cycles of the Plan—-Do—Check—Act (PDCA)
framework. The pre-implementation period was from October 1, 2023 to September 30, 2024. The transitional period
was from October to December 2024, and the post-implementation period was from January 1, 2025 to December 31,
2025. Data from the transitional period were excluded from the primary analysis. The primary outcome was the monthly
incidence of antituberculosis drug-induced hepatitis. The study used a monthly interrupted time-series (ITS) analysis.
The main model was segmented Poisson regression, with the monthly number of new pulmonary tuberculosis patients
as an offset variable. Results: After full implementation, all patients received NAT2 testing, and the results were used
to support individualized isoniazid dose adjustment. All rapid and slow acetylators received dose adjustment, while
intermediate acetylators received the standard dose according to the Thai national tuberculosis guideline. Medication
adherence assessed by pill count increased from 96.7 + 1.4% to 97.8 + 0.9% (P<0.001). Anti-tuberculosis drug-induced
hepatitis decreased from 60 of 152 patients (39.5%) to 13 of 165 patients (7.9%). ITS analysis showed a significant
immediate reduction in the incidence level after full implementation (incidence rate ratio or IRR 0.503, 95% CI 0.345—
0.732, P<0.001), as well as a significant reduction in the post-implementation monthly trend compared with that of the
pre-implementation period (IRR 0.837, 95% Cl 0.747-0.938, P=0.002). Conclusion: After implementing a
pharmaceutical care system with NAT2 testing, the incidence of anti-tuberculosis drug-induced hepatitis showed a
decreasing trend, accompanied by improvements in NAT2 testing, dose adjustment, safety monitoring, and medication
adherence. These findings should be interpreted as changes associated with an integrated service system rather than
the independent effect of NAT2 testing or isoniazid dose adjustment alone. The study cannot conclude its microbiological
effectiveness or long-term treatment outcomes.

Keywords: N-acetyltransferase 2, pharmaceutical care, pulmonary tuberculosis, hepatitis, pharmacogenetics
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10 1% 5wziaﬂama§wm;§ﬂqUluﬂﬁﬁﬂi'miﬁﬂa@m
910 212 w138 W uazaussavelunsle
sdszduannmatuidaRnduainiosss 96.7 +
1.4 \Jufauaz 97.8 + 0.9 atnsfittudiATyNIaHa Vo
Nami%'nmmma%alu;jﬁmuﬁwu@ﬂmﬁuwauﬁ’a i
UANAI AR F1A NI AITNINTIIT B UILAS

Mﬁ'ﬂ‘ﬁizumﬁugmmu AILFAIUANIIN 3

NS LN HANII NYIATUADSE
Lﬁaw“msmuam:;gﬂa gNATUANIAUAYITZLAN

NANNIINELED U6 TN INANTINENATUADSR
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@15197 2. ansmAugwsasgtheimlindaanalwinauuaznainsldszunidngduoy

ﬁaﬂﬁ:umﬁugﬂ WU

%é’alﬁszumﬁugmmu

auds P
(n=152) (n=165)

any, T (f1adn + SD) 58.1 + 16.9 57.8 + 18.1 0.893
f‘«*@mug‘*ﬁmq > 60 1, 718 (308a2) 79 (52.0) 91 (55.2) 0.5712
VWAL, T8 (%) 115 (75.7) 114 (69.1) 0.2382
Tsatszdnan, 318 (Fauay)

STRT RN 30 (19.7) 20 (12.1) 0.0882

anuaulafiags 25 (16.4) 19 (11.5) 0.2692

Tsaladass 4 (2.6) 5 (3.0) 1.000°

Iiﬂﬂa@]quﬁkéﬂ%’\‘l 8 (5.3) 10 (6.1) 0.9492

laifilsadszdnen 107 (70.4) 125 (75.8) 0.3422
BMI, kg/m? (@hm?in + SD) 174+£1.0 175+1.0 0.376'
ALT flawi3uen, U/L (A1ads + SD) 27.0 + 7.4 286 + 4.8 0.023*
YU1AL1, mg/kg/day (@hmﬁlﬂ + SD)

isoniazid 6.94 + 0.70 5.09 + 2.33 <0.001"

rifampicin 10.88 + 0.71 10.83 + 0.79 0.569"

pyrazinamide 2470 £ 2.28 24.89 £ 2.67 0.484'

RNBLHG: ALT = alanine aminotransferase; BMI = body mass index

1: independent t-test
2: chi-square test with continuity correction

3: Fisher’s exact test

4: pjﬂmﬁﬁimﬁmﬁu FUa hygauanguNNIIUInan wiaddn ALT AawiSNeIuInnI1 2 winzaddUn@ainun an

@ =2 @ A " v ' 1 o a = N o
AANDBNITNNITIANLN Taﬂﬂﬂjﬁﬂufﬁ‘(iq‘lu‘lﬂaﬂiquﬁjwE]UjﬂLﬂuSZUUlugqumﬂaﬂﬂﬁﬂqi ’tﬂ\‘lvl,&lvl,@]ﬁm’ml,f]um’nl,ﬂ‘i

= ) qu/
wSsuLn EI‘]JI‘LW]’]T]G%

WU ’ﬁaaﬁaul%:umﬁugﬂLLuuﬁ;‘J‘l’ﬂasﬂa;aJﬁ 37 78
LLa:ﬁ'smﬁ'ﬂﬁizumﬁugﬂLmuﬁ 42 g mmqﬁwumn
A & ' A L A o o '

wqﬂlumaaamanm fa nIssdansadylusnende
3998901A8N13LFBTIO NITUGLETNIIINE Uazns

A4 9 9 & o a
8E U%Lﬂ%fﬂ@]i’iﬂ‘lﬂ"}’) ﬂﬂ'ﬁﬂ(ﬂ 881 a3 melu@'mm 4

mswasuudlasyasnnzausniay
AMMZAUBNLRLINN LG Ul bugrariawld
sruu@NUuuuwy 60 e ndan 152 1o Aaldu
Fopay 39.5 TAILURIUHNIUWY 11 et 32
Aautannz 34.4 uaztrwmaaldrzunidugununy 13
89 165 318 fAardusauaz 7.9 ﬁ'@]ﬁ%’mgﬂmﬁ

AaN1zauanEUaInena wI s lugianas sy
Lﬁugﬂme‘hn'j'}’ﬁ'sm‘iauiiﬁ:umxﬁugﬂLLm_l AILRAI b
AN319N 5

Namﬁmmzﬁa%nwnmﬁzﬁmﬂmsmma

gﬂ‘ﬁ' 3 uaaduwiIlduTefousasninzay
ANLRLAIINENGWI L TAT O ULATHAINT LT IZLULS LA
NILNFTNITUNREIBHANTIEW NAT2 N1331AT12%
aq,ﬂsunmﬁﬁmmmmmmé’awudw w litumedan
28IN1ILAVBNLEUINEITIWI L IA buz9naulszuy
ngtunufuwlduaeandnion udddliwandiatng
IBpdayn19sda (IRR 0.978, 95% Cl 0.953-1.003, P
= 0.088) munasmhszuyllfiangluuy wums
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A15191 3. AITIAVBITTUUUSUIAMILAFTNITNNNRIUHNANTIIEU NAT2 ﬁauLLa$ﬁ50ﬂ131f3$UULaNEﬂLL‘U‘LI

e AewlTeuueN  RRIMITUULAN P WANBLAG)
WUy (n=152) 3UuuY (n=165)
szmiaﬂamaﬁwaagﬂmluﬂﬁﬁn 212 138 Tignwam %S aEnTzuIRmT
Toulse, wf PMNITVVLINS
l#3umInsia NAT2, e (Fawas) 0 (0.0) 165 (100.0) lddwin  Samzwasldszuuda
Uy
NAT2 acetylator phenotype, 318 (%a gaY)
rapid acetylator aifi 23 (13.9) laiduam ‘swmumwwzﬁgﬁvlﬁ%'u
intermediate acetylator aidl 74 (44.8) Tadduwm N33 NAT2
slow acetylator gl 68 (41.2) Taddum
rapid/slow acetylator AlesumIdsu sidl 91/91 (100.0) Taddum N§¥ intermediate
YUNAEN isoniazid KAIITIZUULAN acetylator l@TL WL
suuy, Nafidinaed (Fasaz) VIAIPIUAINUUIN [N
isoniazid 1 rapid acetylator, aifi 352.2 + 48.8 ldfwim  snmanzaadld
mg/day (ﬂ"n,a,ﬁﬂ + SD) i:umﬁmgmmu
isoniazid 1 rapid acetylator, aifi 7.58 + 0.50 ldfwim  snmanzaadld
mg/kg/day (mmﬁﬁ + SD) i:umﬁmgmmu
isoniazid 14 intermediate aidl 300.0 + 0.0 Tddwim  Tenwanzrasls
acetylator, mg/day (mmﬁﬁ + SD) i:umﬁmgmmu
isoniazid 14 intermediate acetylator, 1aid 6.78 + 0.79 Taiduam TUIULANIZHET BT
mg/kg/day (mmﬁﬁ + SD) i:umﬁmgmmu
isoniazid 14 slow acetylator, aifi 109.6 + 19.8 ldfwim  snmanzRad b
mg/day (mmﬁﬂ + SD) i:umﬁwgmmu
isoniazid 14 slow acetylator, aifi 242 +£0.27 ldfwim  enmanzRa b
mg/kg/day (mmﬁﬁ + SD) i:umﬁwgmmu
szuzIaNa NAT2 (34) aifi 7-10 lidwan  dayannzuuuinig
fmstuiinealuszuuasawine aidl § Tigwam  eadiaienszuaums
T5amenLa
midaana s nsdszasdan  o9ldidunuanig (D uluInig Tignwm  BIALEINTILIRMT
PILAZNNTATIVN TN UUBIAL LR8N W8N
anusdsnalunisldonainms 96.7 £+ 1.4 97.8+0.9 <0.001" Uszidiuaneade 3
wudaen, $owas (Aady + SD) JAUNIAANY
HANTINBIATUABTE, /AT 115/152 (75.7) 96/138 (69.6) 0.2912 vl,&iﬁwgﬂmﬁﬂ'aagj
frualzidunan1Tne (Sag FHINMITNET T 1%
az) Uagmdays

WAEWA: NAT2 = N-acetyltransferase 2; 111 “lifl” nunofishifidayanialdmunndundirianuldlugsmauls
izumﬁugmm‘u @‘i’a%i’@ﬁﬁmmma"’ﬂ‘*ﬁizuuLﬁwgmmuﬁaﬁa%f@ﬁﬁsmmﬁaa%mms:mumm%mi FIUITWLT

wyvom la g luduamuan p-value; 1: independent t-test; 2: Fisher's exact test.
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@15197 4. FURA 29NT NN FRNANITINBATUA a%alu;jﬂam“'mImﬂammlm’ﬁmuﬁmu@ﬂi:Lﬁuwamﬁ'ﬂm

150)

RURAVDY mslaidnmed

IIWIN (FD88Z)

NANTINHIATUADIR riaul%azumﬁugﬂuuu (n=37) ﬁé’ﬂ‘*ﬁi:umﬁugﬂl,l,uu (n=42) 37U (n=79)
sadensatnelUsnmnde 17 (45.9) 21 (50.0) 38 (48.1)
\§2576 9 (24.3) 11 (26.2) 20 (25.3)
YJLENIIINEN 7 (18.9) 6 (14.3) 13 (16.5)
Lﬂ§wﬂugmﬁ'ﬂmfmiméam 4 (10.8) 4 (9.5) 8 (10.1)
POty 37 (100.0) 42 (100.0) 79 (100.0)

EREIVIGE Savazlundarnoaniid1ud mmnﬁwmug&fﬂa g L TN N U NANITINENATUAD SR IUTIILIRTU A9

‘imﬁzﬁmwwzgﬂa HNATURIAUAUTILAUNANITINEILAY La LN NI NANIIINENATUAD S & Vl,sh’mg‘i”ﬂaf;lﬁsﬁ'oas_i

szniwmeinm a ulagudeya

NARINWAVDITTALIATINTAANICAVANLEUINNG
uimlsa (IRR 0.503, 95% Cl 0.345-0.732, P <0.001)
LazWUNSanadvaIuw liusaidaunasldszuuiile
Wisunuuuildunewldsruy (IRR 0.837, 95% Cl
0.747-0.938, P = 0.002) a9ugasluany1e 6 @1 IRR 7
wasnin 1 luaudsnsuounlasnufivesssaunas
Iz uuuazm st asnulasvesuwn liuodaunasls
TUY R2VaWINEANNIIAANIZALANLEFLINNLIA
Salsnanaarislmdszauriuinas Sum livandaiitos
%é’omﬂ%ﬁtwmﬁwgmmu otlsfiany naaniiaas
fannuidumI dpundasn e s UMW 2 UL
vinsuuuysmnis Wlgwaidieinguean1ieia
NAT2 %3am3UiUam1aeN isoniazid LNEIaENILAE?
NANNIAIIAFAUUULS 80 Ll WURANg U B
miﬂmwm”maﬁagamﬂLﬁuﬂiwﬁuuuﬁmaaﬂwu

@'l laadldn Pearson chi-square daasendaszivinny

(2
=1

u

0.31 W&z deviance #aa3fNdxIZLYINNL 0.35 wana N
TiwuanauwuEnuiI20daNARNALAREY (residual

autocorrelation) aginaflithy RIAYINNNIINATAY Ljung-

Box 71 lag 1, 3 ua 6

nsandsena

MIFNBARANLIN AERSINTITZUUUSLS
PN AN TINNNEUNATIE 1 NAT2 vlﬂl%l,ﬁugﬂl,mu
luadfinimlen lsawsunanuainiu gudnisainag
susmauanedusmlsaduwaliuanas ¥391nnN3
WU B UL T INT TN TERINIT I A DUUAZ RS M2 UL

LLatﬁl'lﬂﬂ'ﬁfJLﬂi'lz‘ﬁ{akmiNL’Jﬂ'lﬁﬁﬂ']iLL‘Y]iﬂLL‘ﬁ\‘] N

€

1 a J v Qs §
INAAAUBWTONAUN T R UL 9V8INTZUIRANT
wanrinlaaselusudszdn laun nnsssasia NAT2 Tu

2D 9

2

N850 1%8 NMITUNALRZURANKNA M ITUURITRUINA

2

T5awenuna Mkt acetylator phenotype @14318391%

®15199 5. waugih g mlInUaa Ty RN RRZNIZALANLELAINENTIWI DL IA L UKARETIIIRINNITANEN

TIIANNTANT e Q’ﬂmi’m‘[’:‘ﬂﬂa@ HIAANZAUONIELIN  §AEIUTI
Nnalni () gNFuIUlIA (18) (30882)
Aaulgrzuuidngiuuy 12 152 60 39.5
PRI TIT At 3 32 11 34.4
wadldrzuuian Uiy 12 165 13 7.9

NNBLAG): maﬁausl"ﬁi:umﬁugﬂLmuﬁafuﬁ 1 9aNAY 2566 19 30 NWaNYU 2567 muﬂﬁﬂumuﬁatﬁau@;mmﬁa

FUINAY 2567 LLﬁ:ﬁqq%ﬁ'@iiﬁ:UULﬁugﬂLmuﬁai'uﬁ 1 ¥NTAN D9 31 TUIAY 2568 iaga*’ﬁmLﬂﬁﬂumﬂﬁﬁmmm

MAWTIULTINTIRI LL@iVLlii’)ll 3] gjlumﬁmﬁ:ﬁauﬂm LIAAEN
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nauldszuuiduguuy dradourm waaldsruudnguuy
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AUDNIANYINEN
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Waeiana:

P
12D}

310 3. W UL AU BINIZALBNLALANN W UL TN ULATAAINT IEIZ UL USUNIAN N RTNITU NN ENWHAATID

i NAT2

152NaUNNININTMIIMIALN isoniazid MIAFILINEN nmazfsdaauanoduwinlin lasawizgienga

1auLAFTNT LAZATAAAINEINNT R IUTEEIAIINLN slow acetylator ﬁﬁﬂ?ﬂNLaﬂdgdﬂ’j’]ﬂ@;Ng}iu (3-5) WA

LAENAATIINIFNUTBITLE NI T UL N T aaﬂﬂﬁaaﬁ'umiﬁﬂmmmﬁﬁﬂLmuaju‘ﬁ'ﬁmjumqu
°1Taﬁuwuﬁaa@ﬂﬁaaﬁwé’ﬂgwmﬁuﬁﬁm'lm"] FIuaaain mﬂ%ﬁaga NAT2 genotype 1WaU$uaM1a

AMULYSHUDDI NAT2 JanudunninuaIuLFoIae 81 isoniazid MNTNRANIIAANIZALLIALILINNEN

137199 6 KANTILATIZHNIDAD LT ATIBINLITIIVAINIITAL O NLRUINNYIGIWI DL IAN A ULRZHAINIT I T IZUULAY

Uy
audslu B IRR  95% Cl a4 P NsuUans
LuUdeas ITS IRR
w lduedan -0.023 0978 0953-1.003 0.088 raulfrzuy damnaiamananiduualii
fanltyeuy anadLanitas uasgsliuandvagnadineimen
mswasuuyas -0.688 0.503 0.345-0.732  <0.001 ﬁé’dﬁ&ll’ﬁi:umﬁugmmu dammaiaagnisal
NUNVDITZALRAI saasruTiUTnmsauas 49.7 alilguiuend
lg5ruy AANUUILIEULAN
maasnuas -0.178  0.837 0.747-0.938  0.002 wadlfIzumdngUuuy wwldunoideusasdan
2gIunilituTe ﬂ’mﬁ@m@;mizﬁa@auﬁ'uLauﬂi:mmi’am:
WAaunadlgyeuy 16.3 datdan Wasunuuwi liudouldszuy

wanae: Jinnzimomsnanesfimadiutisi lagimuedwugiheniianzdudnisuannodminlsaluud
audeufisuinuududiudsnin usslfimufiheinlsadasanslnifisusnsdegasnasgiu 2HRZEMHR lwdan
Wdenriwdudulssairs :s91ue1 IRR nmautasiauiszaniaanesdiainanigs Iddamaindauinasgiu
LULMWNNY (robust standard errors) UazAnT91dsuiuiieugaauiiasunan 2567 senannisdiansindn ms
ATIIRAUANULRULRUVDILUUINNAINUAT Pearson chi-square/df = 0.31 LLaz deviance/df = 0.35 waz liwuanaN NS

Autapadsamatnfanad I dngdAINNIMasay Ljung-Box
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msanenitll sz iunanes NAT2 wiamsdsuama
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"l,aﬂ‘zj'l,ﬁmmﬂﬁmﬁﬂmimnmaﬁaoﬂﬁﬂ'ﬁma WK
11991329 NAT2 ﬁmﬁﬂ‘ﬁ'lﬂmﬁ’aQaaﬁum&umiﬁmsm
PUWIALT §INITULLSLIaNNLNFTNIINAIMI LT o
Jayaasnaannunsdszilindayanisadiin ns
Fos1InUUNNE nmslduuzigihe uaznis@aany
ANNURARERAIZNEN WAATiFaaATIRURANNT
U3uanIunFInTINAlRaNEa Y AunITe I
funn wazuiloTywiffeadasiunisldoiels
Lﬁﬂwaé‘wﬁ‘ﬁmmmul,l,ﬁ;gﬂw (7.8) TINTIROANFBINL
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sy lulglunIunnudssdesdsanemaguou las
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Frpltifunslfounlasasrsauuazuwi ldunasld
suvldsaninnmnyIsuifisuneu-nad agslsiay
ARV BINANIANINSIAI T wn s nwud et
funusiuTzuuuInsinawdu lilanangiwds
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mM3fnwitdTesiaunsUsznns dsznisusn
nsdnsndunisisenonesssdinawiszuule
lsaweuades lavlifinguaiugu winisfianed
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wWasnulasvasszavuazuw liunodouwnasldszuy
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52UUDSNN5E% nIouSUNtawizaslsoweuald
Yanua Usemifiges suufinawdulsznaudisnans
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UMY NIFIATIA NAT2 MITUHALALLWANKNALUIZUY
RIIAWNA NITLTHE acetylator phenotype @ 431837%
152NaUNININTMIIUIALN isoniazid MILAFILINEN
lagln&UNT MIRAMINBINNT IRIUTZRIANNELN A
M3ATIINIAIUDDIGTY $355% MsANEHs9L31 0%
mmJ5sJuuﬂawé‘aﬁwswuiﬂﬁﬁugﬂu,m_l 14l
DaNUULNABLENNAYEINIATIA NAT2 MIUsuama
81 isoniazid A30UNLINVBILARTNIBENINNBIALIENAL
AupeITTUUUS Mot sy

UszmsAsy MIsunNIEausnLguanNe
ﬁwui’mkamﬁb%Hamﬂmi@uaﬁﬂuymuﬂﬂamaa
T59WenLna beuA fi1 ALT @amInaadan nasadon
Jufinaddnimlin wazduinnsuSuIan L nsTnIIN
LLﬁﬂ?iﬁﬂH’lﬂv@aaﬂQﬂﬁﬂﬁﬁIiﬂ@UULaw Qﬁﬁﬂi:’?ﬁ"h%'a
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