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The Effect of a Pill Box on Glycemic Control among Patients
with Type 2 Diabetes Mellitus and Hypertension at
Pattani Hospital

Pattharamon Korkiatpitak

Department of Medicine, Pattani Hospital, Pattani 94000, Thailand

Abstract

Introduction: Optimal glycemic control can reduce the risk of complications
associated with diabetes mellitus and hypertension. Medication adherence is a multifaceted
and complex behavior influenced by various factors, with forgetfulness being a major
contributor to medication non-adherence. Therefore, recognizing this issue, the researchers
hypothesized that a pill box could improve medication adherence and subsequently
enhance glycemic control. Objective: To investigate the effect of using a pill box on glycemic
control among patients with type 2 diabetes mellitus and hypertension who have not yet
achieved their target blood glucose levels. Methods: Patients with type 2 diabetes and
hypertension with HbAlc levels >8.0% who were taking more than three oral medications
daily were enrolled. Participants were randomly allocated by simple randomization to either
the intervention group, which received a 7-day pill box, or the control group, which received
standard care. Fasting blood glucose (FBG), HbAlc, and eGFR were measured at baseline, 12
weeks, and 24 weeks. Results: At the end of the study, 40 participants completed the study,
with 20 participants in the pill box group and 20 in the control group. Baseline characteristics
were generally comparable between the two groups, except that the pill box group had a
higher HbAlc level and a higher proportion of patients receiving ACEls or ARBs. At 12 and 24
weeks, the pill box group demonstrated significantly greater reductions in HbAlc than the
control group, with mean differences of -1.30% (95% ClI: -2.43 to -0.17; p=0.024) and
-1.82% (95% Cl: -2.87 to -0.77; p<0.001), respectively. Similarly, FBG levels decreased
significantly more in the pill box group than in the control group, with mean differences of
-49.45 mg/dL (95% Cl: -85.69 to —13.21, p=0.007) and -51.15 mg/dL (95% Cl: -84.03 to
-18.27, p=0.002) at 12 and 24 weeks, respectively. The trajectories of changes in FBG and

HbA1lc from baseline to 24 weeks differed significantly between the two groups (interaction
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p<0.001). Conclusions: The use of a 7-day pill box was significantly associated with
reductions in FBG and HbAlc levels in patients with type 2 diabetes mellitus. Improved
medication adherence may be a potential mechanism; however, adherence was not directly
measured in this study. Further studies are needed to assess medication adherence and its

contribution to glycemic control.
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Patients assessed for eligible

n=46

Y

Randomized participants assigned

to therapy n=46

Pill box group Control group
n=23 n=23
Withdraw 3

Withdraw 3
(Insulin 1

(insulin 1
Loss Follow up 1

Loss follow up 2)
declined pill box 1)

A Y
Complete study Complete study
n=20 n=20

SUN 1 wuniluansdnuiuveadid1suidy

1%

M13197 1 dnvazuazdoyanepdiniiugu

Characteristic Control (n=20) Pill box (n=20) P-value
Age, years 61.50 + 12.00 58.85 + 12.05 0.490
Systolic BP, mmHg 134.00 + 14.74 133.00 + 15.70 0.837
Diastolic BP, mmHg 76.60 = 11.95 76.05 = 10.20 0.876
Body weight, kg 63.35 (61.48-66.25) 64.25 (60.50-78.50) 0.364
Height, cm 158.70 + 8.32 158.00 + 7.25 0.778
BMI, kg/m? 24.22 (23.42-26.92) 27.53 (25.02-29.03) 0.086

Fasting blood glucose, mg/dL  204.50 (180.00-232.75)  220.50 (194.75-265.25)  0.126

HbAlc, % 9.45(8.81-9.91) 10.05 (9.60-11.57) 0.048
Serum creatinine, mg/dL 0.85 (0.69-1.06) 0.79 (0.65-1.06) 0.617
eGFR, mL/min/1.73m? 78.41 + 27.48 84.38 + 24.46 0.472
Male sex 7 (35.0%) 5 (25.0%) 0.731
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Characteristic Control (n=20) Pill box (n=20) P-value
On > 3 medications 20 (100.0%) 20 (100.0%) 1.000
Hypertension 20 (100.0%) 20 (100.0%) 1.000
Dyslipidemia 20 (100.0%) 17 (85.0%) 0.231
CVA 7 (35.0%) 8 (40.0%) 1.000
CKD 5 (25.0%) 4 (20.0%) 1.000
ACEI or ARBs 8 (40.0%) 18 (90.0%) 0.002
Beta-blocker 7 (35.0%) 7 (35.0%) 1.000
CCB 8 (40.0%) 12 (60.0%) 0.343
Diuretic 3 (15.0%) 4 (20.0%) 1.000
Alpha-blocker or hydralazine 1 (5.0%) 4 (20.0%) 0.342
Statin 20 (100.0%) 18 (90.0%) 0.487
Metformin 16 (80.0%) 19 (95.0%) 0.342
Sulfonylurea 18 (90.0%) 16 (80.0%) 0.661
DPP-4 inhibitor 7 (35.0%) 2 (10.0%) 0.127
SGLT2 inhibitor 5 (25.0%) 1 (5.0%) 0.182
TZD 8 (40.0%) 7 (35.0%) 1.000

Note: Data are mean + SD, median (IQR), or n (%). P-values were calculated using independent t test for
approximately normally distributed continuous variables, the Mann-Whitney U test for skewed

continuous variables, and Fisher’s exact test for categorical variables.
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anasunnInguauelaegeiituddgvneads lnelia1 mean difference Wiy -1.30% (95%CI:
-2.43 §4-0.17; p-value=0.024) 71 12 &Ua4i uazanasegrstnudefinnulufl 24 §Uavi ognad
HedAgyneata lnesiA1 mean difference -1.82% (95%Cl: -2.87 84 -0.77; p-value=<0.001) (;a:‘lJ‘ﬁ
2) wazdlediamiuniliiunsanasesiimaludonuar HbALC Rausidudunisinu ey
FUaviil 24 wudnguiilddunaessaeinuy 7 Yu drsannngueuauedsitedidynieaia

(Interaction P<0.001) (A319fl 2; U7 3)
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Control mean

Pill-box mean

Mean difference*

Outcome Visit P-value Interaction P
(95% ClI), (n=20) (95% Cl), (n=20) (95% ClI)

Systolic blood pressure, mmHg Baseline 134.00 (127.70, 140.30) ~ 133.00 (126.29, 139.71) -1.00 (-10.20, 8.20) 0.831 0.541
3 months 132.85 (127.16, 138.54) 136.50 (131.61, 141.39) 3.65(-3.85, 11.15) 0.340
6 months 129.85 (124.84, 134.86) 133.30 (126.15, 140.45) 3.45(-5.29, 12.19) 0.439

Diastolic blood pressure, mmHg  Baseline 76.60 (71.50, 81.70) 76.05 (71.69, 80.41) -0.55 (-7.26, 6.16) 0.872 0.899
3 months 76.10 (70.78, 81.42) 76.05 (71.92, 80.18) -0.05 (-6.78, 6.68) 0.988
6 months 72.75 (68.30, 77.20) 73.65 (68.77, 78.53) 0.90 (-5.70, 7.50) 0.789

Fasting blood glucose, mg/dL Baseline 212.65 (194.87, 230.43)  239.35 (212.60, 266.10) 26.70 (-5.42, 58.82) 0.103 <0.001
3 months  210.35 (182.36, 238.34) 160.90 (137.88, 183.92) -49.45 (-85.69, -13.21) 0.007
6 months 219.15 (196.98, 241.32) 168.00 (143.73, 192.27) -51.15 (-84.03, -18.27) 0.002

HbAlc, % Baseline 9.75(9.10, 10.40) 10.50 (9.76, 11.25) 0.75 (-0.24, 1.74) 0.136 <0.001
3 months 10.20 (9.40, 11.00) 8.90 (8.10, 9.69) -1.30 (-2.43, -0.17) 0.024
6 months 10.04 (9.27, 10.81) 8.22 (7.50, 8.94) -1.82 (-2.87,-0.77) <0.001

Serum creatinine, mg/dL Baseline 0.98 (0.78, 1.17) 0.86 (0.72, 1.00) -0.12 (-0.36, 0.12) 0.341 0.402
3 months 0.97 (0.81, 1.13) 0.90 (0.74, 1.06) -0.07 (-0.30, 0.16) 0.556
6 months 1.01 (0.84, 1.19) 0.91(0.75, 1.06) -0.11 (-0.35, 0.13) 0.370

eGFR, mL/min/1.73 m? Baseline 78.41 (66.67, 90.15) 84.38 (73.93, 94.83) 5.98 (-9.74, 21.69) 0.456 0.689
3 months 76.70 (65.41, 88.00) 81.74 (70.60, 92.88) 5.03 (-10.83, 20.89) 0.534
6 months 73.85 (62.47, 85.22) 80.32 (69.32, 91.32) 6.48 (-9.35, 22.30) 0.423

Note: Mean difference = pill-box group minus control group. Estimates were obtained from Gaussian GEE models with exchangeable working correlation

and robust standard errors. Interaction P-values test whether the trajectory across visits differs between groups.
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g‘d‘ﬁ 2 Estimated marginal mean HbAlc by pill-box group versus control group. Error bars

indicate 95% confidence intervals.
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;J‘U‘ﬁ 3 Estimated marginal mean fasting blood glucose by pill-box group versus control

group. Error bars indicate 95% confidence intervals.
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denmzhiuieudsunmelungy wuihnguiléndesine fseduhmaludonanadldog
fifuddyneadf Wefianuludl 12 §Unvi wae 24 dUan9i laefeA1 mean change -78.45 me/dL
(95%Cl: -111.52 919 -45.38; p-value=<0.001) kag -71.35 mg/dL (95%Cl: -99.52 D4 -43.18; p-
value=<0.001) aud1dy wuiedfuseiu HbAlc fanaseg sfitodfynisad lnefid1 mean
change -1.61% (95%Cl: -2.25 &4 -0.96; p-value<0.001) AdUAWT 12 uaz -2.28% (95%Cl: -3.03
89 -1.54; p-value <0.001) idUn 97l 24 Tuvauziinguauauseiutaaludend 12 daw lainy
nswasuulasegafiieddyn1eadn Ineda1 mean change -2.30 mg/dL (95%Cl: -27.91 &4
23.31; pvalue=1.0) waxii 24 Un1% A1 mean change 6.50 me/dL (95%Cl: -18.83 &3 31.83; p-
value=1.0) dm5uszdu HbAlc &A1 mean change 0.45% (95%Cl: -0.06 14 0.96; p-value=0.259)
71 12 §Uanvh uay 0.29% (959%CI: -0.47 &3 1.06; p-value=0.907) 7l 24 &Uai FamsiUdsuutasill
fianuuansnsegafituddmneadnguiuy (M5 3)

dwiunsidsuudasvasiianudulaiin sudinanie (BMN) uazdnnnisnsesedla (eGFR)
Fesuifisuszwinsaeengalifinnuunninetiu (ans1eil 2; U 4 wazguil 5) ogslsAmuiile
Aieszineslungumuinnguaiuauiiledanalud 24 &ansi d8nsin1snsesvesln (eGFR) anas
p1elltud1AYNI9EDs laedia1 mean change -4.56 (95%ClI:-7.40 §9 -1.71; Holm-adjusted P =

0.009) (mmﬁ 3)

A1319% 3 NsSeuiisuUsEanSamnsvegeunelunguuesEeIngunIsAn

Control (n=20) Intervention (n=20)
Holm- Holm-
Outcome Mean change Mean change (95%
adjusted adjusted
(95% ClI) @l)]
P P
Systolic blood pressure,
mmHg
3 mo. - baseline -1.15(-7.41, 5.11) 1.000 3.50 (-4.11, 11.11) 1.000
6 mo.- baseline -4.15 (-10.90, 2.60)  1.000 0.30 (-6.38, 6.98) 1.000
6 mo. — 3 mo. -3.00 (-9.63, 3.63) 1.000 -3.20 (-11.65, 5.25) 1.000
Diastolic blood pressure,
mmHg
3 mo. - baseline -0.50 (-4.83, 3.83) 1.000 0.00 (-5.26, 5.26) 1.000
6 mo.— baseline -3.85 (-8.24, 0.54) 0.427 -2.40 (-7.18, 2.38) 1.000
6 mo. — 3 mo. -3.35(-6.41,-0.29)  0.192 -2.40 (-7.54, 2.74) 1.000
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Control (n=20) Intervention (n=20)
Holm- Holm-
Outcome Mean change Mean change (95%
adjusted adjusted
(95% ClI) cl)
P P

Fasting blood glucose,
mg/dL

3 mo. — baseline -2.30 (-27.91, 23.31) 1.000 -78.45 (-111.52,-45.38)  <0.001

6 mo.- baseline 6.50 (-18.83, 31.83) 1.000 -71.35(-99.52, -43.18) <0.001

6 mo. — 3 mo. 8.80 (-20.01, 37.61)  1.000 7.10 (-26.52, 40.72) 1.000
HbAlc, %

3 mo. - baseline 0.45 (-0.06, 0.96) 0.259 -1.61 (-2.25, -0.96) <0.001

6 mo.— baseline 0.29 (-0.47, 1.06) 0.907 -2.28 (-3.03, -1.54) <0.001

6 mo. — 3 mo. -0.16 (-0.83, 0.52) 0.907 -0.68 (-1.19, -0.16) 0.040
Serum creatinine, mg/dL

3 mo. - baseline -0.01 (-0.07, 0.06) 1.000 0.04 (-0.01, 0.09) 0.417

6 mo.— baseline 0.04 (-0.01, 0.09) 0.417 0.05 (-0.00, 0.10) 0.417

6 mo. — 3 mo. 0.04 (-0.00, 0.09) 0.417 0.01 (-0.03, 0.04) 1.000
eGFR, mL/min/1.73 m?

3 mo. — baseline -1.70 (-4.12, 0.72) 0.338 -2.64 (-5.76, 0.48) 0.290

6 mo.— baseline -4.56 (-7.40,-1.71)  0.009 -4.06 (-8.26, 0.14) 0.233

6 mo. — 3 mo. -2.86 (-4.62,-1.09)  0.009 -1.42 (-4.62, 1.79) 0.387
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31]17; 4 Estimated marginal mean systolic blood pressure by pill-box group versus control

group. Error bars indicate 95% confidence intervals.
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;J‘U‘ﬁ 5 Estimated marginal mean eGFR by pill-box group versus control group. Error bars

indicate 95% confidence intervals.

nYaswwngnsun U9 79 atiuil 3 nsngrau-iueeu 2569



250 Pill Box and Glycemic Control in Type 2 Diabetes at Pattani Hospital

'
a v a 1Y

naansrerlaIN1sAny) linufidnsuddenglafamansaliisssasdningiiunnieg

3 = 5 A a NY Y 1 aw Yo %] Ao & v Yo
uqmanULaaﬂG]WViE]QQLﬂuvLﬂ LLa%lﬂJﬂJHlﬂf'ﬁ'}ﬂJ'ﬂ Sﬁqﬁiﬂlﬂs‘UﬂqﬂgLLVliﬂGU@usq‘ULLiQ‘WQ']Lﬂu@]@\‘ilfﬂi‘U

Asnsnelulsanenuia

anus1ena (Discussion)

Lawmusiiafiaeuaslsaanuduladngendiliauliladulgmanuliveslulsaneua

naUrelunazUisuen Fulvarnvatgdadenanediudeny sugiue aussan nvesUlisuas

Ao o 1

Aua AUsuazn1sesEninisemlsnrewiUiees uasiiddyeganilireaualialouarainy

- e

'
=4

satatlun1siulsemuen danunereruvainrateguwuumhanldlunsdieiiuanuseiiies wag
° [ & o [y a [ <
adanelunisihwilsasesilaganiglsauvmnuuaslsannuduladings lidrazidunisamiss

U7y msdaunaidngn niensldndesdnewuuiuier nafildainiuideneuniadnuiinisly

gUnIains03stedilunssulssniuen Yrelinuadiniauslunisiul semuduldlumnanfau®?

a =2

wawilofidelangminfedymddgynanlunmssudsemuenfenissudsemuenlidatauetl 3sladn
fanmsihnaesdngnunléidugunsaldreduiioiuanuadiauslunisiudseviuen e1aazgevili

2 v o 2 vaf vy I3 ° i o Y] P 3 2
fﬂ3?’]'3“1_]ﬂﬂiﬁﬂﬁi@ﬁ%@Uu’W}’]asLULﬁE]@I‘V?@sﬂu‘l@ LAzl UUNITUINABIAYILUY 7 WU LWDELUUNISLFDU

o <

AUreuagligualinsiumniinsfumuluiuneuntinty wielulelanduvmududsedn Aaganunse

¥
&

=3 % 1 [y [ = dq{j 1 v gj d" [~ = v = =l [ [
wiulnainnasadnenluiu wiselullonsuningdy Feazilunisieulineenuliduluiisvsaiudaly
INKANISANYITNUIN NSINaBIIREILUY 7 Jullmnudunusiuniseiglnseauiinnaludenway

szeu HbA1c anadlsavu Inanisildsundassananiindulaglisndudesiuvunnensnyiuimiu

v
[y o

warluUiguesedianunsaanvuinenadlamseiiseauiiniauas HbAlc Nanadlauin dmsu

NaT9ALIIaN 1N LU TaeRlusE 1IN ANw LU TH W13 IR S UNaT 1 AB9IN A1 EIRNE

[

1
p=~1

guisesAu iefeadniumsusudnulsmetualunsdnuil

dwdunalniienaeduienasananie naesdneuuy 7 Suimihiiduedesletieideunay
Prgnvaounsulssnuen fuasansonesduldegrstaauiteludas fundoudasiold
Suussmulduamiseld vausideaiu gauaanansansivaeulddiigieinsiusulsemuenluiunie
iloln FaumnsinsanmsifvenluussydasiiuiienilisndensussduingUaeldsuussmuen
udwidelal msfiszuudneiidugusssuenativanmiurainindeunazduaiuanuainanolunns
Sutszmueld egndlsfinu msfnuniaounudesnmssutssmusiamsdediiemfany way
lailsfarnuasinanslumsiuussmueilaenss Sslianunsaduduldinnalndsnaiduaivnuesnis
anaswes FBG uay HbAlc iy demndasfiunsanwineuniniinuin msliiedesiletiedauasifiou
mMssulssmugnansadiinausmilelunislieuazananaiianatelunisiuseniue lnglany

'
ya v o

ludgeenguaz/mIegnnesiulssmugvangsiin’

Y

Royal Thai Army Medical Journal Vol. 79 No. 3 July-September 2026



Korkiatpitak 251

aa

ogalsfinu nanisAnudinudinisldndesdnedianuduiusaosedu HbAlc AfiTy
aenpdosfiuiAnititnismuaussdiinaaluden ldtusgfurianioruavosweiiissosnaien
uAdaAIfostunginssuuartadevesiiionanedu o1iiwun1s@nwiues Rogvi LavAMENUIY
Hadefiientostugiag wu msfidmwsulunsguanuies AnueSenainlsaumIL NeAnTTNNT
Sulszvuesiazmseenidsnie samsnudiferiuivaneyes HbAlc duiusiunisaunu
seiutmaluden’® axeulifuiinmsmuguummudunannranetadesmiu uagnaifia
amuaanelunsiulsgmusAenaasduiiedonisluinnsnmsivisaduayunisaunusziy
hmaluden wililidadeifierfiormusmanismusuummuldimn

dmiunadasunlamwesnsinauvedlslugiefianiu 24 EUavi nnsiaseiaglungy
WUI1 eGFR Y8dnauAUANANaIaInA1s udug i iaddym19aid (mean change -4.56

mL/min/1.73 m2; 95% Cl -7.40 9 -1.71; Holm-adjusted p = 0.009) ag19lsfny Lﬁaﬁmim

a

N13UA BuRUaITEnINNNg Y nan segeuUfduiusseninenguivnatldnuaiuunnagegndl

[y a

Wedftyn19ad (interaction P = 0.689) Faldanansaasuanteyatiinnislindesinenilnasie eGFR
n13iuvedlaoalasudninannvaielady Messeznaiveddsauiu seauausulain N3
Tde1 Tsnsau wazaglafuvesiie 8nviamsinay 24 danienadilimisamesiensussiliung
=1
AUl

SnUsziunilaiinrsiansande dnadruvesiUleiilisueingu ACEIs n3a ARBs Tunguilly
NERIINANAINIINNGUAIUAN N5 MATUETUNFUAINaDRTdAeTasiuNITAdlIvSoYEaanIs
= o ¥ Aoy 0 Fo7 o Y i Yo
dWouvasnsvihnuvedlalud Ui unddeus” dniu Anuwnni199een1siasu ACEIs/ARBS

1 =3 < [ N ' N 1 < Aa

serinvanenguIenalutaduniuninaseniswisunuawes eGFR ag1alsinussezia1nfnmy
e 24 dUam 919aedalianunsarhunfinnsanlunisudananisfnwniinisldndesdnevsedndiu

'
14 av A

n9au3deilesu ACEN w3e ARBs Nunnninduannslaeasiveinisildeuulainisvinnuvedls

e X

o
% (% s

STURAANSHIUNTYIN9IUVBIAAITIAS UNISANBIALLGAY B30 TTadusuraneUsen1sfeana

hO)]

dare eGFR

oglsfinumninmsfnsoldmsuseiunuainauslunsldelagnse erfiwunstiy
daen nsfiszuunisdnuagmuginsaseuldegadanulasiinaluladuntae wienisins
Ay mstinguhsnduensedant sasuludagiulddauidedliiumeluladdunesidnves
@334 (Internet of Things: IoT) 1Uszyndlsamiululasneulnsaiass iledaaiuuazonsziu
anusmielunsfuuszmiugivesdiae Tasiamuinaedldendanioziannsadendeuaziney
faufunoUndiaduuuaindalnu szuufandannsafiamumgAnssunisiuseniuen wiousids

¥ A ¥ ¥ U a L3 U = ua L4 1 1 L a 1
nsudsfoulidldausulsemueuuusealnd wagtduiinUseifnsldeunassldundandoseyis

Y

[

I oy ] o A & o o @ v w Y
WUsTuU IWEJNZ\!LSUT?-HJF]W?VW]EHE]UQ']U"JU 10 ﬂUWLﬂUIiﬂL'ﬁE]ﬁQLLaSqnLﬂu@]aﬂ'ﬁUUigwquaflnﬂ')u 93U

nYaswwngnsun U9 79 atiuil 3 nsngrau-iueeu 2569



252 Pill Box and Glycemic Control in Type 2 Diabetes at Pattani Hospital

UsziiugUnsniiduszosingn 4 #Uand wanisdnwuanddiifiudansuiufituegaiulddnues
ausaniielunisiudsenue Tnediuduain 78% ludradudu Wy 929% lusewinamsaneise®
vonannsussiuauad nauelun1ssuUsEnIueILa) ArsNsEEEaINISRARILLE o Uiy
Audunus ez liiiudainisldnasssnewuy 7 Su awnsagioiunnuadnaueluns
Juusgmuen %wzﬁqwa&iamimuthm‘%ya%'q uaznsdsundasueansmsinuveslalusses
oldunndaidu

d@3Uwa (Conclusion)

= %

Han1sAnwnudn dilisiunguilasunaesdnenuy 7 Jullsedu FBG wag HbAlc anas
WINNTINAUAIVANT 12 waz 24 dUavi agralsinu nisfnullalddaniuadnauelunis
Susgnmuelesnse Jakdanunsoaguladmadinarufinananuaiiaueiiiudy nsAnwiseluals

Usefluanuadauslunissuusemuelagnsaiienageunalnil

51811591994 (References)

1. Genitsaridi I, Salpea P, Salim A, Sajjadi SF, Tomic D, James S, et al. 11th edition of the IDF
Diabetes Atlas: global, regional, and national diabetes prevalence estimates for 2024 and
projections for 2050. Lancet Diabetes Endocrinol. 2026;14(2):149-56. doi:10.1016/52213-
8587(25)00299-2.

2. Goff DC Jr, Gerstein HC, Ginsberg HN, Cushman WC, Margolis KL, Byington RP, et al. Prevention of
cardiovascular disease in persons with type 2 diabetes mellitus: current knowledge and
rationale for the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial. Am J Cardiol.
2007;99(12A):4i-20i. doi:10.1016/j.amjcard.2007.03.002.

3. Ingsathit A, Thakkinstian A, Chaiprasert A, Sangthawan P, Gojaseni P, Kiattisunthorn K, et al.
Prevalence and risk factors of chronic kidney disease in the Thai adult population: Thai SEEK
study. Nephrol Dial Transplant. 2010;25(5):1567-75. doi:10.1093/ndt/¢fp669.

4.  Rodriguez-Poncelas A, Garre-Olmo J, Franch-Nadal J, Diez-Espino J, Mundet-Tuduri X, Barrot-De
la Puente J, et al. Prevalence of chronic kidney disease in patients with type 2 diabetes in Spain:
PERCEDIMEZ study. BMC Nephrol. 2013;14:46. doi:10.1186/1471-2369-14-46.

5. Bailey RA, Wang Y, Zhu V, Rupnow MFT. Chronic kidney disease in US adults with type 2
diabetes: an updated national estimate of prevalence based on Kidney Disease: Improving
Global Outcomes (KDIGO) staging. BMC Res Notes. 2014;7:415. doi:10.1186/1756-0500-7-415.

6. Ministry of Public Health. [Health Data Center (HDC): percentage of diabetic patients with blood

pressure controlled according to the criteria] [Internet]. Nonthaburi: Ministry of Public Health;

Royal Thai Army Medical Journal Vol. 79 No. 3 July-September 2026


https://doi.org/10.1016/S2213-8587(25)00299-2
https://doi.org/10.1016/S2213-8587(25)00299-2
https://doi.org/10.1016/j.amjcard.2007.03.002
https://doi.org/10.1093/ndt/gfp669
https://doi.org/10.1186/1471-2369-14-46
https://doi.org/10.1186/1756-0500-7-415

10.

11

12

13

14.

15.

1e.

17.

Korkiatpitak 253

2021 [cited 2026 Sep 21]. Available from: https.//hdc.moph.go.th/center/public/standard-report-
detail/ac9019f14a00b66984dd%efc3afc06a6. Thai

Ministry of Public Health. [Health Data Center (HDC): percentage of diabetic patients with good
blood glucose control] [Internet]. Nonthaburi: Ministry of Public Health; 2022 [cited 2026 Sep 21].
Available from: https.//hdc.moph.go.th/center/public/standard-report-
detail/137a726340e4dfde7bbbcsd8aece3ac3. Thai

Ngarmukos C, Bunnag P, Kosachunhanun N, Krittiyawong S, Leelawatana R, Prathipanawatr T, et
al. Thailand diabetes registry project: prevalence, characteristics and treatment of patients with
diabetic nephropathy. J Med Assoc Thai. 2006;89(Suppl 1):S37-42.

Diabetes Association of Thailand under the Patronage of Her Royal Highness Princess Maha
Chakri Sirindhorn, The Endocrine Society of Thailand, Institute of Medlical Research and
Technology Assessment, Department of Medical Services, National Health Security Office.
[Clinical practice guideline for diabetes 2017]. 3rd ed. Pathum Thani: Romyen Medlia; 2017. Thai
Watkins JD, Roberts DE, Williams TF, Martin DA, Coyle V. Observation of medication errors made
by diabetic patients in the home. Diabetes. 1967;16(12):882-5. doi:10.2337/diab.16.12.882.
Cramer JA, Spilker B, editors. Patient compliance in medical practice and clinical trials. New
York: Raven Press; 1991.

Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 2005;353(5):487-97.
doi:10.1056/NEJMra050100.

Cramer JA. A systematic review of adherence with medications for diabetes. Diabetes Care.
2004,27(5):1218-24. doi:10.2337/diacare.27.5.1218.

Abegaz TM, Shehab A, Gebreyohannes EA, Bhagavathula AS, Elnour AA. Nonadherence to
antihypertensive drugs: a systematic review and meta-analysis. Medicine (Baltimore).
2017;96(4):e5641. doi:10.1097/MD.0000000000005641.

Doggrell SA, Warot S. The association between the measurement of adherence to anti-diabetes
medicine and the HbAIc. Int J Clin Pharm. 2014;36(3):488-97. doi:10.1007/511096-014-9929-6.
World Health Organization. Adherence to long-term therapies: evidence for action [Internet].
Geneva: World Health Organization; 2003 [cited 2026 Feb 18]. Available from:
https.//iris.who.int/handle/10665/42682.

Levy RL, Loftus GR. Compliance and memory. In: Harris JE, Morris PE, editors. Everyday memory:

actions and absent-mindedness. New York: Academic Press; 1984. p. 93-112.

nYaswwngnsun U9 79 atiuil 3 nsngrau-iueeu 2569


https://doi.org/10.2337/diab.16.12.882
https://doi.org/10.1056/NEJMra050100
https://doi.org/10.2337/diacare.27.5.1218
https://doi.org/10.1097/MD.0000000000005641
https://doi.org/10.1007/s11096-014-9929-6

254

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

Pill Box and Glycemic Control in Type 2 Diabetes at Pattani Hospital

Rogvi S, Tapager I, Almdal TP, Schigtz ML, Willaing . Patient factors and glycaemic control—
associations and explanatory power. Diabet Med. 2012;29(10):e382-9. doi:10.1111/].1464-
5491.2012.03703.x.

Hanghaj S, Boisen KA. Self-reported barriers to medication adherence among chronically ill
adolescents: a systematic review. J Adolesc Health. 2014,54(2):121-38.
doi:10.1016/j.jadohealth.2013.08.009.

Littenberg B, MacLean CD, Hurowitz L. The use of adherence aids by adults with diabetes: a
cross-sectional survey. BMC Fam Pract. 2006;7:1. doi:10.1186/1471-2296-7-1.

Mehdinia A, Loripoor M, Dehghan M, Heidari S. The effect of pillbox use on medication
adherence among elderly patients: a randomized controlled trial. International Electronic
Journal of Medicine. 2020;9(1):38-43. doi:10.34172/iejm.2020.07.

Fitria N, Putra PP, Sari YO. Long-term impact of pillbox use on medication adherence in patients
with type 2 diabetes mellitus. Pharm Pract (Granada). 2025;23(3):3236.
doi:10.18549/PharmPract.2025.3.3236.

Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, et al. New creatinine- and cystatin
C-based equations to estimate GFR without race. N Engl J Med. 2021,385(19):1737-49.
doi:10.1056/NEJMoa2102953.

Simmons D, Upjohn M, Gamble GD. Can medication packaging improve glycemic control and
blood pressure in type 2 diabetes? Results from a randomized controlled trial. Diabetes Care.
2000;23(2):153-6. doi:10.2337/diacare.23.2.153.

Raynor DK, Booth TG, Blenkinsopp A. Effects of computer generated reminder charts on patients’
compliance with drug regimens. BMJ. 1993;306(6886):1158-61. doi:10.1136/bmj.306.6886.1158.
Becker LA, Glanz K, Sobel E, Mossey J, Zinn SL, Knott KA. A randomized trial of special packaging
of antihypertensive medications. J Fam Pract. 1986;22(4):357-61.

The Nephrology Society of Thailand. [Clinical practice recommendation for the evaluation and
management of chronic kidney disease in adults 2022 (revised edition)]. Bangkok: The
Nephrology Society of Thailand; 2022. Thai

Ghozali MT, Chanjaruporn F, Widayati A, Hadning I, Dewi PEN, Nugroho BD. Design and
development of an loT-enabled smart pill box prototype with a smartphone app-based
medication reminder. Engineering and Applied Science Research. 2026;53(3):246-53.

doi:10.64960/easr.2026.262198.

Royal Thai Army Medical Journal Vol. 79 No. 3 July-September 2026


https://doi.org/10.1111/j.1464-5491.2012.03703.x
https://doi.org/10.1111/j.1464-5491.2012.03703.x
https://doi.org/10.1016/j.jadohealth.2013.08.009
https://doi.org/10.1186/1471-2296-7-1
https://doi.org/10.34172/iejm.2020.07
https://doi.org/10.18549/PharmPract.2025.3.3236
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.2337/diacare.23.2.153
https://doi.org/10.1136/bmj.306.6886.1158
https://doi.org/10.64960/easr.2026.262198
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