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ABSTRACT

Malawi, located in southeastern Africa with an estimated population of 13 million,
1s among the world's least developed countries. The life expectancy of Malawian people
is only 50.9 years. The high rates of infant and under-five mortality are 83.5 deaths per
1,000 live births and 100 deaths per 1,000 live births, respectively. Although the total
fertility rate averages 5.5 children per womon, the maternal mortality rate is as high as
1,100 deaths per 100,000 live births due to poor environmental health and a shortage of
medical resources. The leading causes of death in Malawi are infectious diseases such
as acquired immunodeficiency.syndromé (AIDS); tuberculosis, malaria, pneumonia and
diarrhea. The prevalence of AIDS_in adults aged 1549 years is 11.9% and more than
930,000 people were living with AIDS in th1s country in'2007.

In 2000, the Taiwan government buﬂt’fhe Mzuzu Central Hospital in the northern

i
region of Malawi in order to compensate the' severe shortage of medical resources and
dispatched a medical team to assist i.n managingsthe Mzuzu Central Hospital. Since July
2002, Pingtung Christian Hospital ‘has_taken.ower'the medical team. To face the
challenge of high maternal and infant mortality rates, the medical team trained 81
traditional birth attendants (TBAs) during 2004-2006 with support from the Department
of Health, Taiwan and totally 1905 babies were delivered until August 2008. The
neonatal mortality rate was 13.6 per 1,000 live births, lower than half of the national
statistics and the maternal mortality rate was zero. Moreover, the Rainbow Clinic, the
first free antiretroviral therapy (ART) clinic has been opened in northern Malawi since
1* July 2004 in order to fight against AIDS, and furthermore a fingerprint identification
information system was developed to record patients’ clinical courses and medication

history.
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The United Nations set up eight Millennium Development Goals (MDGs) in 2000.
Three of them are related to health issues: MDG4, to reduce child mortality; MDGS, to
improve maternal heath; MDG6, to combat HIV/AIDS, malaria and other diseases.
These three MDGs, i.e. Maternal and Child Health and AIDS, are the core issues of
current international health. This doctoral dissertation also includes these two issues: (1)
Maternal and Child Health, evaluating the accessibility of health facilities for pregnant
woman and the importance of continuing education for TBAs and their performance; (2)
AIDS, analyzing survival rates of AIDS patients on antiretroviral therapy for adults
(aged more than 15 years) and children (aged less than 15 years). Summaries of the four
dissertations are listed below.

The first paper: The distance is.the most importanticoncern of women’s choice of
delivery places. GPS and Google Earth wgre used to measure the distance and time
needed for pregnant women-to reach heaﬁ}_l facilities. Thevcombination of these two
tools helps us to know the resgurce-distribution and the aceessibility of delivery services,
which may be helpful for public health planning-and pelicy making.

The second paper: Through initial training and continuing education, TBAs are
able to have a good performance in decreasing the neonatal mortality rate to less than
half of the national statistics. Well trained TBAs under regular supervision and
continuous support can be a potential human resource for countries lacking medical
professionals. We recommended that continuing education should be regularly provided,
at least annually.

The third paper: The mortality rate was significantly higher in adult males than in
adult females with AIDS on ART. This may be associated with the delayed diagnosis,
seeking for medical care in a more advanced clinical stage and poorer compliance to

X



therapy in male patients. The gender difference needs to be addressed in scaling up
ART programs in Africa.

The fourth paper: Severe malnutrition, indicated by BMI <15 kg/m’, may be the
most significant prognostic indicator for premature mortality in children on ART. The
first three months after starting ART is the golden period of nutrition assessment and
intervention, especially for malnourished children. Early and proper nutrition support
should be integrated with ART management.

From 2000 to 2010, half the MDGs time frame (2015) has passed, but WHO found
that the progress of MDGs in some under-developed countries is very slow, mostly due
to the shortage of medical professionalssThis dectoral dissertation found that TBAs can
be a potential human resource; if they can have a“proper training and continuing
education, under regular supetvision and'f_ié,gistic support, and are also well integrated
into the current medical system, For examp'ls'e_, if we can select good candidates and train
them to become TBAs or community health workers, they can do some primary cares
such as delivery service, referring high risk pregnancy to health facilities, health
education, prevention of maternal-to-child HIV transmission (PMTCT), and nutrition
support for malnourished children. They are able to reduce great burden of medical
professionals and improve the maternal and child health as well as AIDS control in
remote rural areas. Then, there will be an opportunity for us to accomplish MDGs by

the end of 2015.

KEY WORDS: Africa, Malawi, AIDS, Maternal and Child Health, Traditional Birth

Attendant, Accessibility, Google Earth
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31+~ B REP K

& 2000 90 o BT g BFAREFE G o RFE RS bR
B p O BRBEECEEABARFIEERIE  Awm IS B E R PR RS
"E & B ARE 3 E P (UN Millennium Development Goals, MDG) - @ * % ¥
BERTF R hd ~ 2015 &£ 2% > BRSNS AR FRUTHE
P

1. Eradicate extreme poverty and hungersjl =" t&=4 & 53 % 4tk

2. Achieve universal primary education™ % /. 5 ¥ v

3. Promote gender equality and empower women ifs& & 4T % > 3R dH4

%ﬁ 4 T
:::Fl'_,'
4. Reduce child mortality,*# #5253 7=~ %
1

5. Improve maternal health 2 4 A ;}_ %‘n}ﬁé

6. Combat HIV/AIDS, Malaria and other diseases &8 € %34 ~ A ~ 2 2
O

7. Ensure environmental sustainability 7z &7k 8 e 4 Sk

8. Develop a global partnership for development 2z & ¥ iRae 2 B

32FipE g E PRI ch AL P
He g 4670 5 FL RERIL BAHY M- FAFEIHT 5 404

ARG

321+ EF B P HehB e 3f | F ML F

22015 Ew > AR RT AT EE S KN AL 0 Z TR ([6]



v =

13.Under-five mortality rate 7 k12T 3

I\
(e

f.?"
14.Infant mortality rate B s27 -
15.Proportion of one-year-old children immunized against measles

- AL BARS R T A 6

322+ EF R P HeF I 0T [ iR RiER

2015 & o K H T OURA R FE e A2 = o f R4k S [6]
16.Maternal mortality ratio 2 4% 7~ =
17.Proportion of births attended by skilled health personnel

P R L Ty ek s A

323 * A EF R P R FF L IHITERL R AE © AR
Emﬁﬁﬁ’%g?H@ngp?gbﬁﬁﬁgﬁﬁ$°ﬁiﬁ?%%%
: o =
18. HIV prevalence among pregnant V\'/'é_)_men aged 15-24-years
15-24 AR % Ak 498 W 7 3
19. Condom use rate of the contraceptive prevalence rate
R NiRGE RS
20. Ratio of school attendance of orphans to school attendance of

non-orphans aged 10-14 years 10-14 & 3% 5241t 23552 m;ik%‘f o

33FEHLFE P FePR A

331 B W FApE Grd F B P fhehit B

PIRA Y 42015 E R E P FAEEF BP0 L A(2010 E)e GiE T - L chpF
B e S pEdt R & op B iiigig o 945 WHO 2008 # Fof > 7§ &b BioE B ¢
FRs i e S i E# B P Rie . 268 BERMFPE AW | 2ok
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98%: fe £ H ¢ 56 B R FehZ A4 = F vk iE (A28 10 § 7% A& 300 &) )[7]
Pa 2TRenZ A~ FEF 10§54 400 &) > @ 1990 & £_430 &) 0 ToE R
R 1% F M FIRFEEST B E P TR RenE R 55% AiF d

B o B Ro $u el 200 g et fo- B LW R RO Bl 5 #0 Zeng
BBEEAR BB OcR A7 FVEHRB[8,9]c b f o d A A hin
Fg;gw BBcE * X0 Ao« o= e g 2 T[10,11] -

332RMAEFLE R P Hugy

FARE 5T TH B P R(MDG 5)ih- BiER bRy 502 AR § Hil
FISBA #7324 [6] - T Bipth& =~ ekl X & § KL SBAKE -

R R%E e # Safe Motherhood Initiative %_3% > Skilled Birth Attendants (SBA)
WETre s ¥ AR Des g (midwives) ~ (A R x et & 2 2 (nurses with
midwifery skills) ~ ?5 FE X g Er A 2R ?ﬁ_(doctors with m|dW|fery skills) fr¥7 & #* ?5 FiF
(obstetricians) [12] - &4 + i SBA mxji, ’ % FidFE4 4 Ad SBAREA Gt B o
% 1995 & % 50% > 2006 # ~. %7 | 54%0,— v f;fi'ﬂ PORA A - ghv o F) 84% o
e A E BRI R 4 53%[2) L

s B E Y RIRS RS AEEEL 3 B BRI < ﬂi‘ﬁfj*‘u{% FEEL RS
Z[6] « ipE FRHF R S F 0 BH I OSBA T i s B (FF T
FPRERELHII L T RALRET LA ML R ER AT @ Il

*r PR F3[13] - 131* n\?ﬁ TR R o

333 f#id- %4 FLenFH > &

VARG F W B 1982 FAz 0 G - B ARSI TBAP R E 0 7 A
i 800 = TBA £ X ' T % z3xp [14] - = p £ 20 & % 4~ » F] & Safe Motherhood
Initiative % SBA it 2% » 325 © 7 SBA 4 FH 44 o ©0 pdr TBA ehé

d Gy o g 2IREFL BAATALE A TBA hF R o MR PR < 903G i
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TBA » ##7 3| {8 Fenik v frd # 5 bk 0% [15-17] -

HFRFTERFEREOFRE R AL BN ERTASBA = 2 A0
TBA W @@t E >4 B2 MiEB hA = F o 822k TBA ifd L # > %
T RARRAE Y o B A - B4 NS TBAD R - LB ¢ R Rk
s ¢ 0o n§e4[18, 19] ¢ blhe A dFaesanie H » A S R4~ AR friF
F S ST XA "R R % 5252 F[20-23] o

ISP e Gl FAAERTIRD - L B A F fiEd - R
Bl TBAEE LA ? F 4 i B E AT AR TBA hif & 51 1% K59 e 3
AR B TS LG i mrA ;1 :’“,/ﬁ‘l[24] #2005 # WHO )5k e~

oo o N
 Task shifting[25] » 4% - @sé'w 2 o e S&Am&ﬁit PERE STy

TBA '3 & (transformll;lg) 4 ﬁ s SBA > W;ﬁ 9‘ “ IF“ B e e 7 eh

£
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4.1 3 E 3R

411 B2 F PR R
TREER SN LD APSFEARFR Y FLOFR AR

Toiu ¥ RGBS BT L S HE

4"’Y

e 0 A 11} St nTBA ¥
P AL s AR Fla AL AR e
BBV oL FAFLR D o BFREREG P RTF

S AP L § FlES 30 ARl SRR aedrie S B s

4.1.2 B seda s f ehdn "'ﬁ?«é'i'ﬁ»ﬂk

IF

i 2004-2006 & F 5 B 5.7 75= @'*e-@/* #2080 A w2 2004 & 23 #2005
£ 34 2006 & 24 =, B %ﬂ'.&ﬁ B1 fle-TBAo 8 ¥ e $5 & 80 % 53.8410.2 K o
7% 4§ 1 EE R £ 5 A% N B o S5 S TBA gk ke & -
RPT E e PR KPR R TP I {oR S S SREIE 4 Table 2-1

-~ TBAT X HXIRIR > F I LBATHFEEL T HFLLE 0 LA
Az i F TBA . P & Mzuzu ® % B4 > RAIL - B 4745 - = TBA(one

village, one TBA) » 5 ¥ = AF4b chdl | > kamsn s # gt 4 o

413 B3t ERP 3

Wk AnAe Yk R e BAN G R AP E P L FRFE
PAA LS B P B GRAR  AeR AR AT end A A o BB o~ FER
PrEHCYIII R PR E e AP R F B EVRE L RKT R o R 2 4 ok o
U - G %R AR = F[26] o

BP0 WAR Ll TBAZ AR LiFid 5 - o BAF R B "G chdE
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e o fis Pt RIEARY o AP ERRA LG ARDFRIFHES o d 2 TBA

BEF AP FE RIS AR R AR ML

414 SRBA G IS nEF R TR

TBAX ' > FET P AP g PAde > P g A AT ORR P EE
bt~ AR A B A4 v FABIOEZ B - g
FARFED P LB SR DB LI

R > APFRIGEEDTBAV G p o LR fAREAFR A F
A deR RAEATE B2 {rfdet R oY A Y g R DEAHTBAG [ F i
LR LR TBARZ » ol 3 Rfe gl @Rk & % Ap 17 > TBA IR T 115 4c & 1R

L B B R A I {2 52 5e S [20]

42?%5ﬁ@éﬁﬂ§%&%ﬁ?ﬁﬁ
Bid- it BT jwmﬁm&ﬁ rp{%%%#%ﬁ%éﬂi’ﬁi

® AL ok & F 53[11, 27, 28]

421 % B %7 R AR Pk PRt ehal ? feopr 7
o B fRAR A A T F R Pt TR AT N A AR AR B B R AT D o fe
irfeiEd o W EFREAE -

W24 1138 MA B BENE > W NTIE L 247423 f o BB B

i I F R R R E R LTablel-lo < ¥F = 42 = h
AAFTEF Pl- g F]G W A 30 FRE 4 i o AQIE - E 0 ik

FRA BB RS E R PP R -

422 B P RAWEBAR{-E A ¥ BT R
é]}:}i_ﬁ?ﬁ.*f%«g*ﬁ—fr4gh%mk&ﬁ y 3\ FB}?’I;HT Tab|612°*f%& 'rﬂ&

N

ho KRR A A § T F R IR AT A W (79.7%) e 2 & (81.8%) o & A kv

s —
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P |- X (49.7%%) B F R FLATE A 0§ 2 % & TBA R
A& 04 G UM (36%)p R o

AYFiE e Beni £38d B2 4 Table1-3> H ¥ i 7 f%‘l’%wml & R ¥
4 “Reliable skill and experience(H jtrfr 5% ¥ 17 #f )" f-"adequate facility(3k # #
)7 > @ iE & 7] TBA (3 & K 7P| ¥ “Near-by my house(FEgficiT)” o« At — P5eh
A AFEERY CEHALTBAZ APA %Y » 5 38.7%4_7] = “Reliable skill and
experience($ Ffr 55 ¥ B HE)”" o 7 L > TBA thiki 4 it Sk A W rde X o

Wik T EEL R TBARY A F R g * RIS £30.40 3

$40.00 > T 35:2 US $11.70 (&L Table 1-4) - g‘% FlAFER AT 1 B 5 el ko
R G UEREERS PSR RS el AR L RO B
EAARF DY o

4.2.3 * GPS 4r Google Earth ;I—m_,&ﬁfm$$? ;j]:a},

- RRER FRETE ’ﬂ“ FlRd i g TRl e 23R S T
iz & ¥u global positioning system (GIPS)«fr Googltle _Earth KPIE TBA T 5 iT m% K o
PRI R - ' |

e ped HIRS 5F 3F 5 T HkE GPS fefiF? AE B nk 0 AT 8 E
hpE i {ri 42[29-35] {r 8 % 5 chtr 0236, 37] - ¥ - i 1 & Google Earth » £+ F
FoHoehferad B ¥ UGRA PR PR L o5 4% Google Earth kg %l
AT b B SEBL] SRR & Gin R[38-41] - BT B E G 4 & & GPS {r Google
Earth = Jr‘f BT B Rk m}r)ﬁv&ﬂ-l@# g K FTes > 2 fFd gt g
feii 9 [42, 43] -

Arr A GPS £ 2 iz T F’*P?}%‘J‘* = f7de 79 = TBA (& 2007 & = -
ALEPF 3 ATBAZ AR) #8 P ¥ &7 & Google Earth shs B F > 4o
Figure 1 -

AR e S TBA DI BT e F P ot § & f0p F {eBEdt - T2 i Table
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14 %% 3 Rd GPS“r 2 BRI £ chpr F fod TBA ST AR 0/ » 4 4 5 1%
4 ep B 1+ (correlation coefficient 0.654, P < 0.001) - % 5= GPS enZ LB £ v L 2

FFERETBAF % i g £ -

43 Wi B2 hA &

431 %R B AEBB I oA, &
72004 = 7 312007 = * > G 1,984 iR R dF-~ B2 e TBAs > A
¢ § 170 (8.6%) i & At 48 B BT e e #7179 (4.0%) At 2 A % 91 (4.6%)
At A4 #4 > L Table2-2 .
TBAS “TIRI+nA d il L= 15 ¥ iy fog i 55 (8.6%)F M - 7 TBA &
A B G 0 B SRR R I R R hi & o W eh

eih Bk }[44-46] - AT
432 @it gt BB 2 &[]

#ﬂiiéﬁﬁﬁﬁiﬁﬂ9gﬁé’ﬁéﬁ1%5%$@ﬁTBAﬁ4oﬂﬂ
32 BHEZ > FAYP A FLEF SRR AB6 B 226 B
Biad 17 = TBA 2 > © 1 ehT Splgh & § 5 % 1> 2 & TBA (p = 0.004) -
Table2-3-d piipld 2w Fv it frB s 27 FH b o L5 - 25 -
Ga G T TBA Y B PR il S o TS § TR LFE 6 end Ak
b o 3 RB i g IR FIELB K o

2004 £ B X 2RMEA L AN RFHIZON S FIEF i FE AT 40 BE
25 = [47] > 2007 &£ WHO hsast Bl 8.5 + a2 dicd 26 B 7= [2] - $H85 & &

R et TRl 0 ip i (g A Y éﬁfr%"éﬁ-mTBA’ o ATk 1905 BRI BR

.,

I7= F(FFF Ay 136 B) 2 P 2RMRFES- Loiphhg s L - H

P OTBA 27 1525 05 (B0 % 635 < & 19, 23] -
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AAFFRTIFERZI L TP PER LA PETR

O A et g TBA R HT 0E R0 K AR L

FR o FERT RBZAcPEE AP FR LSRR KT 2 TBAD RrL

KT vk 2 Fe 2otrd B EATRE TBAhe & foib i 4 et #F o
AP FRFEHT HEL A ML A g i (Figure 2) - Bl 30

P N GlAR o IR RPN blhed E 5 B Gl IS B R PR

o

T RAR o B Bx w2 RS EREF R L R E KR

17— 4 * GEE model[48] & 354 47 TBA 2% 3 W@ B2 # 1 » TBA £
#o g (0 3 45 )~ HT # B S0 ??r AZUE 5 E )~ R F K iplgR frive s
TR (00— )0 B I i wﬁrTable24o FI A PRI EEE K
THETBA R a ol AGRAFEL VAR FES R B o

5 TBA enip A4 4 $im e 0 a3 R nl L ﬁ:éﬂrz(ﬁ #0045 )
%?’r?ﬁﬁiﬁi&i(i%?5351&21&?;::““5'5.}2;; IR S F oA 4 s AR o &
oM ERRY > FET ﬁgcgn & TBA » T*ﬁg— 265 5 AR T o A

ek % 4 2 2 fLaThEL 8 &r%¢¢L TBA 25 ki § o H Ao ikl

“ﬂn

Foow g ¥aw R kO Eges 3 [49] ¢

A5 W5 d B gk d

fu;‘L;}ﬁ NS rv}; AT% 34+ £ 4 MTFF 1SBA 4 [50] » 4 &1 353 - ‘j\’};
- X s A A d AV RABRA B SREFE T LR AR TS
WE AV Ak d[50] o

TBA &2 G A 7E » HAEF F 2 ¥ B ARE A RB s ¥V LERL

T\

o

TR AAFAERE A R foflies ﬁ TBA ¥ 1 I 2 #wirk ¥ SBA £ 2. Fé*m;}ﬁfiz‘;
[16] » G4 TBA ¥ 13 4v A 47 A thefnt & o g 2t %fmﬁ\ﬁqgééi?@mﬁ

TBA 7 3¢ » T:ur-* )%px:rh i 'F é\v Fla e mFg }%‘%2 ,ﬁ v [51]
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VIR TR R L FRBFARE R FEL TBATIL I F R

T AT LR A BGARG e R eE[52] o F RN A T UL R SS B Py
i E L0 - AR KT

2006 # # 13 I+ 5 R4 8L Dr. Hetherwick Ntaba fp p & %4t B 2 + ¢
o BT T F R B TBA D R dlchi- % > @AY EEE 0 8 i s L TBA
A V% F T A b g R WHO ol B APk e M2 e v: TBA &
%18 B RET A PIF e °

Sl - ?&ﬂ% T3 }ﬁ-# - B# B¥3z§ > Make Every Mother and Child
Count ; » 3Viy 4p iz 45— B ,ﬁ,ﬂ:{k— Bl F£7 ’i\l&—f’c{k B fee 2
7R ERT DT R e 4B TBARBEES s 4 TR Pk 2 A P TBA
B Sk Vi - S e R O - il s S et B S R S sl I E A VR B
EAEL o FEEITRIEA R $ixdz i TBA l-"ﬁ&. R N T R s Lk ]
FRAeis B A %,T#WW%»gﬁﬁﬁw%@ e Y AL E N T 00t BB

PR 4 15 & & 2015 & T et &
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51 5 £ 8 Fopin fTIRI%

Bob ) i g b R R B (T 2 o B 1549 K A 4 P o,
BA%5119% 2@W- F3FFArd > F3-F 930000 4 g4 &g 2405
200000 + Z & ART ;p#[1] -

ARG FAAT AN E R TR EA B E E R nizd o g3 A
T AR A TR G R A F R B B D @12 0 & E T L R AT
H# 4r £ 10000 %35 52 o ip it 38 52 G R@RE B R P R 0 Bldr 2 3 R e 12 R
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5.2.1 & Fp LR B
st RS sk = 2k 4 £ (Global Fund) k3 5 # 5 B R § 08 4
S SRERE T 2= FORE LR B SR o 0 2004 2 7 0

PARPRE RANE - BERBLEISRTL > & 25 T $28F P (Rainbow

Clinic) ; » 2 RBZp TSP B X2 R 2 NJriviiedo T4 & F 7 AR
1334’Aﬂ%ﬂW%@%iéﬁém@&oém@%%?¥ﬁiﬁ%ﬁi%’

Food e R 23 A4 ¢ (UNICER)RSLE & cht R § F 8 Bfos e § 4o
SEEES EAGE
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5.2.2 45 &

§ BRI G PAE S 5T RAEFENE A o) ok R E AR B
(antiretroviral therapy, ART) » 3 % BI# 4 &) T € o £ 4p RPRB TRk (4%
SLABY) ) U E B TRk B AR B o orh g € o B T
FIREE S EE A D FE B4 ART (o cnpE R fos@d 12 2 WHO fk &~
CUNPEE 3% B é‘mﬁvﬁvﬁ &ap;%\ﬁf S % Fﬂiﬂf; ErEERF T AbL e At
BOUAL A T RS R P RS IFE Y P BTG A 4 BT . X R
ik P Y % 2005 # > Lancet[5] o iex Ep MRS PR F R BA L AR

e L g - e -

5.2.3 € o B % 2 L RITR 2355

5 HIVE 4§ ki 4 S0 2 4n e fmﬁ&#i EEWwRAEIE

\‘v\
:&

%%?%°?$kiﬁhm%mmwﬁﬁﬁg’H'?@W%ﬁ%@ﬁy%@%
ORRES CLEINE Y @ﬂ%’ri% U«FM [53,54] -

52.4 € Fpic R ERAS % | | ;:

@¢Q&$—@a,gﬁiﬁﬁwﬁ—i’%@iﬁg@kﬁﬁi%°ﬂﬁ
EBH A BT B - BYRLE A Z B O E g .

i EEA L (QFES Y AP S EL ART D (D)~ (0% 4 i Hde

W= B (AR H 8 ART i b o

5.3 4 4 jiop A R i s iE A4

531 = 4 § s A REAFRFARBRE&
%2004 & 7% 312006 & 12 ' F > HhP PR 5 4001 =€ Fop i oo dedt
A73 1] 3t 15 g ens2 4 0 690 =& 7| H s %51‘%5’1’7:)]% A B3 2838 i ART i
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532 F A B A B F R ARM G TS A A

Tk i BiiE ¥ 4 1] 2006 & 12 7 & o B 2029 (71.5%) i i M & £ ART
e 376 (13.2%) 7 = > 433 (15.3%) =% 2 i B ik 5 0 2 Table3-10 A 47
B I A SR F WHO TRk BoE A 3 40 @ % 14 - WHO Tk % 1&2 s shups
Ao FiES G 85.0% ; TeAk ¥ Z s : T21%  TRA S spl i 60.1% - AR F o R
Ldet BB BMI s FiEF g #iF 0 L Table3-1-

% 2838 e R A vkl § g B o3 s 5(76.0% vs. 64.6%; P <
0.001 in Table 3-1) - i&— # iF Kaplan-Meier 5 /&~ 7% 3 > & WHO §2/& 4 & 1-3
B Afhgh & A SR F R T (P <0,0001) - iz & WHO TR % B BIF G L
Hc i $(P=0.076) > & Figure3 -

- * 5 %38 Coxproportional hazard model 4 473 35 @ F 4 ~ F &2 5 ~
BMI # 4 ~ WHO Tk B € R % i 4 7 P = AR o A Table 3-2 o

5.33 % 4 §Hp A s RS2 w:ffjg;:'

GERE TR R REE A J# 351';%;3[55-61] LRI I o

FIRFEFLRE VA RA gtﬂ K iém%a?%:@js B[62] > F 2 p 4 44
F] o 4o WHO Tk A Sfog Stk im0 AFT T BiPF P £ 30 B 7 » % 23t

s %
At e R FRI L2 R M R T

FRM A R AR § R R o R ([63] ) T i F 5
LRDIERAE 0 F R OFEE TR RK A F S T T
Flom + B4 BB RLES g ,7&)]’;‘5:{1;—;{;3 Wi Ry o Ay FI s 9

#F & WHO T84 b€ R 08 1P iz j\jiu[,;/; D F R RERF LT 'Iiﬁ
Frbiiid > 2 3 B bl F (18.6% > Table 3-1) » 11 & MR AR A K
FoiL o

ek RBEERG 0 3 F ABAGY 2OF F(eF )& ALY (e k
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m,#/éﬁ:%’ﬁkbﬁ’i} o § LG EFARGFANEFLE s A E - B
4&4%%%@%0%#@%# T

FRIBESL R S F 0 FE AL EHE BIRE -
5.3.4 %3

A B AREEE R ]%,r)%m:,\. A s F Mg EFLE BT

e RS
BN BREAADE - RIS FORERERRKRE KRB F4 2 EEY
RAhB Fopit M o SERFA P LA
oA kg
Fpo0 5k

KB E FUIES S R NS
4ﬂ§c)§;i’

[ERCE ﬁ’t)ﬁq}% AR BEREE LR 0 E;:—‘:‘li"]fﬁ A mg?gpﬁﬂ'} B
BET M A R AN PR T RO R i R R AT
54 823 €

A "34’&}}% AR /r’%ml?«‘c‘\ﬁ

.-~"*,.
5.4.1 52 Léﬂﬁkkiﬁﬁﬁﬁi&
2004 & 9 7 3] 2006.#:12 7l ¥
Hiad B E

A 05 TR dp i Ry BEE #2
g /* )?'} ART /r’)%

15 f
H'P 53,263 (52. 1%):;-\5’ 4o ek A TR R
BMI & == % > #32 % Table 4-1 o A5 s WHO Fok Bof R % oz i o
Bt Gl i BMI € |

F R
130 gE ARz E e 2 a2 6 BF HBMIe
542 2F R A HIPM & TS A AT
AP B e 4 $ 2009 & 8 7 K 0 1 82 2(16.2%) 7 > H ¥ 64
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Figure 1. A map shows the locations of five health facilities and homes of
79 TBAs (traditional birth attendants) in Mzuzu city in the
northern region of Malawi

Figure 2. Changes in proportion of correct answers among 25 TBAs
(traditional birth attendants) receiving 4 evaluation tests.

Figure 3. The Kaplan-Meier estimates of the survival rate between males
and females stratified by WHO stage 1 and 2 (A), 3 (B) and 4 (C)
according to duration of follow-up in 2838 adult AIDS patients.

Figure 4. The Kaplan-Meier-estimates of the survival rates stratified body
mass index and WHO clinical stages according to 5 years of
follow-up in 505 AIDS children.
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Figure 1. This map, based on a picture taken from Google Earth, shows the locations
of five health facilities and homes of 79 TBAs (traditional birth attendants) in Mzuzu
city in the northern region of Malawi. The color and identification number of each
TBA is related to the health facility where each she refers the pregnant women in her
care: C, Choma health center; E, Ekwendeni mission hospital; MC, Mzuzu central
hospital; MH, Mzuzu health center; S, Saint Johns’ district hospital.
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Figure 2. Changes in proportionofcorrect answersamong-25 traditional birth
attendants receiving 4 evaluation tests. The point scales foreach question ranged from
0 to 3, and the test had 47 questions; Theseategories for question responses were
defined as follows: Completelyincarrect =0 points; Mostly incorrect = 1 point;
Mostly correct = 2 points; Completely correct = 3 points. The percentage shown in the
figure is the number of responsesin each paint category-divided by the total number
of questions administered (47.questions * 25 TBAs'=:1175).
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Figure 3. The Kaplan-Meier estimates of the survival rate between males and females

stratified by WHO stage 1 and 2 (A), 3 (B) and 4 (C) according to duration of

follow-up in 2838 AIDS patients. The log-rank tests revealed statistically significant

differences between males and females in WHO stage 1 & 2 (A), and 3 (B) (both P’s

< 0.0001), but no statistically significant difference between males and females in

WHO stage 4 (C) (P = 0.076).
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Applying global positioning system and Google Earth to evaluate the
accessibility of delivery services for pregnant women in northern
Malawi

ABSTRACT

Objective. To validate the combined use of global positioning system (GPS) and
Google Earth for measuring the accessibility of health facilities for pregnant women in
northern Malawi.

Methods. We used GPS and Google Earth to identify five major health facilities in
Mzuzu and 79 traditional birth attendants’ (TBAs) homes. The distance and time
required for each TBA to reach the nearest health facility were measured by both GPS
and TBAs report. A convenience sample of 1138 pregnant women was interviewed
about their choices of delivery sites for current and previous pregnancies, and time and
cost required to access health facilities.

Results. The correlation'cogefficient between the-objective measurements by GPS and
subjective reports by TBAs for time requirgc_i from their homes to health facilities was
0.654 (p <0.001). Among pregnant wome'ﬁ:fé'lS .6%0 reported they could reach the health
facilities within two hours; 23.8% reported ’Eo pay more thanyU.S. $1 on transportation.
For current pregnancy, 82.6%:0f women intendedito deliver babies at health facilities,
but for previous pregnancies only-48.7% of them actually-delivered babies there, and
32.6% were assisted by TBAs.

Conclusion. Combined GPS and Google Earth can be useful in the evaluation of health

accessibility, especially for emergency obstetric care.
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INTRODUCTION

Improving maternal health is the fifth Millennium Development Goal and the
World Health Organization (WHO) has identified accessibility to skilled birth
attendants as an important indicator of the progress in maternal mortality reduction
efforts.' However, many developing countries still suffer from a shortage of skilled
medical professionals. This results in persistently high perinatal and maternal mortality,
especially in some areas of Sub-Saharan Africa and Asia.*?

Malawi is a developing country in southeastern Africa with a high maternal
mortality ratio (MMR) which was estimated to be around 1,000 maternal deaths per
100,000 live births based on the 2004 Malawi Demographic and Health Survey,* WHO
statistics and other studies.”” The brain drain of medical professionals and the frequent
shortage of medical supplies and medicationssmay contribute to the high maternal
mortality rate.” *° The TaiwanMedical Mission (TMM)-to Malawi, based at Mzuzu
Central Hospital in northern Malawi, worked closely-with Malawian medical staff to
improve the health status of the Malawian people from2000 until 2007. During our
service, the TMM initiated a training preject for-existing traditional birth attendants
(TBAs) after consulting with the Malawiaﬁﬁﬂ'ealth Authority. Though Mzuzu city is a
major city in the northern Malawi, most pafis_ of the city and. its surrounding regions are
under-developed and look like fural areas. We recruited TBAs from different rural
villages surrounding the Mzuzu city on the principle’of “‘one village, one TBA” in order
to cover as many rural areas as possible.

Based on the successful experience of TMM’s using fingerprint identification
system to help management of anti-retroviral drugs for AIDS patients,'® we thought
about applying some modern information tools like geographic information system
(GIS) such as global positioning system (GPS) and Google Earth to help evaluate the
accessibility of pregnant women for delivery services at Mzuzu city. Recently, GIS has
been used in various types of health care services, including the modeling of traveling
time or distance to government health services,'' ™ defining the geographic access to

14-1 .. . . . . 18.1
7 and assisting infection control of malaria and parasites.'® ' Google

clinical services,
Earth, a newly introduced virtual globe mapping tool, can visualize almost any place in
the world. Its application for health-related issues has also started recently. For example,
Google Earth has been used for community mapping and for tracking the polio virus

down the Congo River.””* In recent years, some studies have used both GPS and
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Google Earth for public health programs like dengue surveillance system and
vector-borne diseases management. Such a combination demonstrates their potential
usefulness to strengthen public health planning and capacity.** >

The objectives of this study were (1) to introduce the combined use of GPS and
Google Earth to estimate the physical accessibility of health care facilities for pregnant
women in Mzuzu in northern Malawi, (2) to validate the measurements of GPS by
comparing with subjective judgments from TBAs about the time required for the
emergency referral of complicated pregnancy to the nearest health care facility, and (3)

to examine the role of distance to the health facility in pregnant women's choosing

delivery place for previous and current pregnancies.

62



METHODS
Interviewing pregnant women

Since Malawi has no household registry, we used a convenience sample for this
survey. During the study period between July and August 2007, we visited all health
care facilities providing antenatal care services for pregnant women in Mzuzu, including
hospitals, health centers, primary health stations and the homes of TBAs. A total of
1138 pregnant women consented and were interviewed with a structured questionnaire.
This questionnaire was designed by three senior midwives in Mzuzu Central Hospital
with extensive experience in reproductive health services. A pilot study was conducted
by interviewing with ten pregnant ' women at health care facilities or TBAs’ homes, and
their responses were carefully considered to modify. the wordings of questionnaire and
to improve its feasibility and accuracy:"All interviewers were medical staff from the
Mzuzu Central Hospital. They have recei\'/:.;éd.interview training and the interviews were
conducted in the local language. We used tf:ig questionnaire £o collect pregnant
women’s basic demographic information, their choices of sites for antenatal care, the
preferred delivery location, and reasons for prefetring that location for their current
pregnancies, and actual delivery sites and reasons for their previous pregnancies. They
were also asked about the transportation methods, costs and time required for them to
reach the health care facilities from their residences.
Using GPS and Google Earth to show the geographic distribution

We used GPS to identify the exact longitude and latitude of the homes of 79 TBAs
and all five health care facilities in this region, including Mzuzu Central Hospital (MC),
Saint Johns District Hospital (S), Ekwendeni District Hospital (E), Mzuzu Health
Center (MH) and Choma Health Center (C). We used ArcGIS 9 ArcMap software
(ESRI, Redlands, CA USA) to integrate the geographical data collected by GPS on the

satellite imagery taken from Google Earth to show their locations. All TBAs were
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categorized into five groups according to which one of these five health care facilities
they would generally refer pregnant women to if complications occurred during the
pregnancy. A specific identification number and color was given to each TBA and
health care facility on the map, as seen in Figure 1.

Using GPS to measure the distance for emergency referral from every TBA

We tried to quantify the distance and time required for pregnant women to access
the health care facilities. However, we did not have the exact locations of the homes of
pregnant women for there is no formal home address in rural Malawi. It was also
difficult to get this information from interviewing pregnant women, because they
usually have no clear idea of the distances from their houses to health care facilities.
Since all TBAs came from the villages where the pregnant women resided and were
well known by local people, they were usqally the ‘closest helper for pregnant women in
the villages, and were also the key person;#tﬂ'identify the risky pregnancy for early

#
transfer. Thus, we used the TBAS’ houses as:' the proxy locations for the pregnant
women in different villages.

GPS was used to record the route and distance from an individual TBA to her
nearest health care facility. We followed the routes that TBAs would usually take to
refer women to the nearest health care facility, and used GPS to record the pathway,
distance and time required for each route. The transportation time estimated by GPS
was defined as the distance measured by GPS divided by the average Malawian walking
speed of 5 kilometers per hour; this was an estimate based upon actual observations of
the usual Malawian walking speed. In addition, we also interviewed TBAs to collect the
detailed information of their transfer of pregnant women to the nearest health care
facility, including the transportation methods, monetary costs and time required from

their homes. Then we compared the transportation time objectively measured by GPS
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and the transportation time subjectively reported by TBAs to check their consistency.
Approval of the training project and Ethics Review

This training project for traditional birth attendants has been approved by the
Ministry of Health of Malawi and the Department of Health of the Mzuzu City
Assembly. The Ethics Review Board of Mzuzu University of Malawi approved the
protocol of this study, and all participants provided oral or written informed consent.
Analysis and Statistics

The univariate analysis summarized the average time required and transportation
cost for pregnant women to reach health facilities, as well as the frequencies and
proportions of antenatal care visits or babies delivered in different sites of health care
facilities or TBAs’ homes. The asso€iation between'the reasons of preference and
delivery sites was tested by Chi-square test. Consistency between the transportation
times measured by GPS and reported by Tﬁ?&s was tested by correlation coefficient.

#

Data were analyzed using SPSS software (version| 16.0 for'Windows, Apache Software

Foundation, USA).
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RESULTS
Interviewing pregnant women for the information of time required, transportation
costs and delivery sites

The mean (standard deviation) age of these pregnant women (n=1138) was 24.7
(2.3) years old. The transportation costs and times required for these pregnant women to
reach the health care facilities from their homes were summarized in Table 1-1.
Although about three-fourths of pregnant women estimated the transportation cost to be
less than U.S. $1, it also showed that only 24.0% of the surveyed women could reach
the nearest health care facility within one hour, 21.6% between one and two hours, and
the remainders needed more than two hours.

The sites pregnant women went for antenatal caré-and delivery (actual for previous
pregnancies, intended for current pregnancies)/are listed fotr Comparison in the Table 1-2.
For the current pregnancy, most pregnant I\:n-;/:d'ihen chose the health care facilities for

#
their antenatal care (79.7%) and intended to :deliver there (81:8%). However, for their
previous pregnancies, less than half c:>f thewomen'actually delivered at the health care
facilities, while about 30% delivered at TBA homes.and 3.6% at their own homes. The
reasons of preference among pregnant women for selection of delivery sites at health
care facilities or TBAs are compared in Table 1-3. “Reliable skill and experience” and
“adequate facility” are two major preference reasons of pregnant women to deliver
babies at health care facilities. However, for TBA, it is the “near by my house” as the
major reason of preference.
GPS and Google Earth for evaluation of access to public health resources

The TMM recruited and trained a total 81 TBAs during 2004 and 2006. Two TBAs
were not at home during our survey period and the remaining 79 TBAs were surveyed.

The map in Figure 1 shows the exact locations of five health care facilities and the 79
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TBAs’ houses in Mzuzu city in the northern region of Malawi. The Google Earth image
revealed that Mzuzu city is located in a valley surrounded by small hills. Four of the
five health facilities are situated on or near major roads; only the Choma Health Center
is on a hilly region without paved road access. Two TBAs, E522 and E525, though
closer to the Choma Health Center than to the Ekwendeni Mission Hospital, are on the
opposite sides of a mountain from the former. There are no paved roads connecting
these two TBAs to the Choma Health Center, so these two TBAs generally refer
patients to the Ekwendeni Mission Hospital in case of emergency.

The transportation times estimated by GPS and reported by the TBAs are
summarized for comparison in Table 1:4. These two sets of estimations were highly
correlated with a correlation coeffigient of 0.654 (p <.0.001). The estimated cost of
transferring pregnant women to'the nearest health care facility in emergency situations
ranged from U.S. $0.40 — $40.00 and avel::;é%‘d $11.70 (Table 1-4), depending on what

™
kind of transportation method used, such as :walking, mini-bus, motorcycle or taxi. The

transportation costs rose steepiy for.emergeney.transfer. from TBAs’ homes to the

nearest health facility, varying from US. $340 to U.S. $29.30 (Table 1-4)
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DISCUSSION

This study tries to address an important issue of the physical inaccessibility of
maternal health care for women through the use of GPS and Google Earth in a
resource-limited environment. Through the comparison between the objective
measurements by GPS and Google Earth and subjective estimates by TBAs, we
validated GPS and Google Earth as the reliable tools for health accessibility evaluation.

Lack and unequal distribution of health care facilities, long distances and
unavailability of transportation are often the obstacles that preclude people from
reaching health services in both developing and developed countries.'* ' **?7 The time
required to reach the health facilities is‘decided by the distance divided by the travel
speed which mostly depends on thedransportation method and road condition.”® In the
northern region of Malawi, around 200,000 residents are distributed widely over a large
mountainous area as shown'in Eigure 1. h;[:g?f'people usually reach their destinations on

#

foot, and distance and transportationis a rea:l-problem for accessibility of health service
to the general population. Our resulté showed that'less:than half of pregnant women
could reach health care facilities for anténatal care within two hours (Table 1-1). Thus,
it is not surprising that although most pregnant women (82.6%) would like to deliver
their babies at health care facilities for their current pregnancy, only 48.7% of previous
deliveries occurred at these facilities (Table 1-2). It corroborates with a previous study
also conducted in Malawi that although many pregnant women received antenatal care
at hospitals, few of them actually went back to hospitals for delivery.”’

Further analysis to check the association between the reasons of preference and
women’s selection of delivery sites in Table 1-3, “nearby my house” is the most
important reason for TBAs, but not a major reason for health care facilities, in both

current and previous pregnancies. This finding showed us a truth that TBAs are the
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nearest available resource for pregnant women. When the labor pain starts and
progresses, it could be difficult for a pregnant woman to walk for more than two hours.
So, the pregnant woman may choose to deliver in a nearby convenient site with kind
assistance from a TBA rather than go to a distant health care facility. In our study
sample, 41 pregnant women even delivered their babies at home and 35 of them were
assisted by TBAs who went to women’s houses to help. Thus, there are nearly one third
of babies actually delivered by TBAs (Table 1-2). This finding, consistent with previous
studies, showed that TBAs may still play an important role in the delivery services
especially in rural areas of developing countries with a shortage of health care facilities
and skilled birth attendants.*® 2%

The Table 1-4 shows that the average distances ffom the homes of 79 TBAs to
their nearest health care facilities ranged from 5.7 km to 3 14 km, with the longest
distance being up to 51.5 kin. The averag;;‘f"dhsportation time ranged from 1.1 to 6.3

#
hours. In general, the transportation ¢ost for:pregnant womeirto reach health care
facilities may not seem too high, as ’}4.9% of'the women spent less than U.S. $1 to do
so (Table 1-1). But, it is still a burden for people in a low-income country like Malawi
with a per capita GDP of $800 (2008 estimated).’' Moreover, the emergency
transportation usually costs several times higher than the regular mode (Table 1-4),
because it has to be faster and may be needed at night, which are usually necessary
when a serious complication during delivery occurs and should be arranged in the last
minute to save lives of mothers and babies. Such a gap between emergency and regular
transport costs can explain why women usually go to health facilities for regular
antenatal care, but about one-third of them actually delivered babies at TBA sites

possibly because of emergency and saving money. A reference said that a high

transportation costs can be a major barrier for resource-limited people trying to access
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qualified health care services in developing countries.*

The Google Earth has some attractive advantages. First, it has free version and
readily available on the internet. Second, it is very popular and friendly to use, with
over 400 million related products used worldwide.*” Third, it can see almost every place
in the world. Since GPS can provide the exact information of longitude and latitude of
any location in the world, we integrated GPS information with Google Earth
information to show the spatial distribution of all health care facilities and major roads
in Mzuzu city as in Figure 1. Such integration is able to produce a resourceful mapping,
which may be useful on the health policy making such as where to build a new health
center for reduction of health inequity."We propose that such uses be promoted to
improve the public health capacity.

In addition to identifying the exact locatign, GPS also-can record the pathway,
distance, time and speed of"any.umobile Vellzl-.;:t’lé. Because of these characteristics, GPS

#
can give us an accurate measurement of the :distance and transportation time required
for transferring pregnant women to o:bstetrical health care services in case of an
emergency. We can thus identify the trahsportation route on the map and its required
time for an emergency referral, which is useful for emergency planning of every TBA.
For example, when one complicated pregnancy is identified and emergency transfer is
indicated, TBA can call the nearest health facility where her GPS location is or just tell
her TBA number on a map like our Figure 1, and how soon the pregnant woman will
arrive through which route and by what kind of transportation method. From July 2004
until June 2007, there were 170 women referred by our trained TBAs. Although all the
mothers were saved, there were 26 infant deaths among 1905 newborns delivered by
1984 pregnant women visited TBAs’ sites.” We would suggest a planning and

communication in advance for such an emergency transfer to further reduce the
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perinatal mortality.

This study has some limitations. The first one was the sampling method of
pregnant women in the Mzuzu area. Since there is no household or population registry
in Malawi, we were unable to know the exact distribution of the general population and
to calculate the sampling size. What we could do was a convenience sampling to
interview all pregnant women at all hospitals, health centers, primary health stations and
homes of TBAs during the study period. Second, it was difficult for us to know the
exact delivery sites of pregnant women for their current pregnancy. As rural Malawian
people rarely moved their homes, we used the delivery site of the previous pregnancy,
which has already happened, as'a proxy in order to reflect the proportion of possible
delivery sites. Third, there were 16% - 18% of missing-data from the interviewed

pregnant women. The major reason was possibly due to the-fow literacy rate of

e
e

Malawian women living in‘rural area. | ~ =
[ |
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CONCLUSION

Since Google Earth and GPS are very exact and not subject to human error in
estimating distance, this kind of information technology may carry more political
weight than the voices of the women on their actual inaccessibility to health services.
This study provides the first empirical example of combining GPS and Google Earth to
evaluate the accessibility of pregnant women for delivery services and with the potential
to improve access to emergency obstetric care in a developing country. We documented
that the measurements of distance and time required by GPS are highly consistent with
the subjective estimates of TBAs. Since Google Earth can be freely downloaded from
internet and the cost of GPS may not be too high, we recommend that the integration of
these two tools be promoted and inttoduced to otherparts of the world to aid health

planning and policy making.
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The effectiveness of continuing training for traditional birth attendants

on their reproductive health care knowledge and performance

ABSTRACT

Objective: To evaluate the effectiveness of continuing training for trained traditional
birth attendant (TBA) on their reproductive knowledge and performance

Setting: Mzuzu Central Hospital in the northern region of Malawi

Participants and analysis: A total of 81 TBAs trained during 2004 and 2006 in Mzuzu,
Malawi received continuing training courses:; Their reproductive knowledge was
assessed by a structured questionnaire daring 2004 and 2007. A multivariate
generalized estimating equation (GEE) model was constructed to determine the
associations between their reproductive kn_g_wledge scores and age, years of education,
time since the last training course, test freq:;?c;hcy and number of babies delivered.
Findings: From July 2004 to June 2007, a t(:)’tal of 1,984 pregnant women visited these
trained TBAs. A total of 79 (4.0%) Iﬁothers were-referred to health facilities before
delivery due to first-born or difficult pregnancies. No maternal death occurred among
the remaining mothers. There were 26 deaths among 1,905 newborn babies, giving a
perinatal mortality rate of 13.6 per 1,000 live births. The GEE model demonstrated that
knowledge scores of TBAs were significantly higher for TBAs under the age of 45,
TBAs with more than five years of education, TBAs who had taken a training course
within one year, and TBAs with a higher test frequency.

Conclusion and implications for practice: Continuing training courses are effective to
maintain the reproductive knowledge and performance of trained TBAs. We

recommend that continuing training should be regularly offered, at least annually.
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INTRODUCTION
Improving maternal health has been identified as the fifth Millennium Development
Goal (MDG), and one of the indicators of progress toward this goal is an increase in the
proportion of deliveries attended by a skilled birth attendant (SBA) (WHO, 2004).
However, success in this area depends on how many SBAs are available, and there is
currently a global deficit of doctors, nurses and midwives in the developing world
(WHO, 2004). One survey found that only 47% of births in Africa are assisted by SBAs
(Shah and Say, 2007). This means that recruiting professional SBAs to work in remote
areas is still a distant reality for many developing countries.
The country of Malawi, located in southeastern Africa, has a very limited number of
medical professionals as well as high maternal and perinatal mortality rates (van den
Broek et al., 2003; WHO, 2007). Malaw1 had @ national program for training traditional
birth attendants (TBAs) that began in 1985.-,# ‘and more than 800 TBAs were trained and
#
registered (Smit, 1994). However, this_progll:am was discontinued at the end of the 20™
century when the Safe Motherhood I:nitiative redefined.“skilled” birth attendants as
medical professionals like doctors, nursés arid midwives. This decision resulted in a
global withdrawal of funding and support for TBA training; previously trained TBAs in
Malawi were gradually neglected and received less and less education and/or support
(Kruske and Barclay, 2004; Maine and Rosenfield, 1999; Starrs, 2006).
Though TBAs have received less support over the past decade, recent work indicates
that TBA training has positive results on reproductive health in some developing areas
(Jokhio et al., 2005; Sirivong et al., 2003). Some reviews of the subject have concluded
that TBA training is associated with improvements in knowledge, increased use of
antenatal care, improved attitudes and behaviors and a potential reduction in perinatal

mortality (Sibley et al., 2004; Sibley and Sipe, 2004; Sibley et al., 2007; Sibley et al.,
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2004). However, more data on the effectiveness of TBA training is needed before the
global community can determine the future role of TBAs in reproductive health care. In
addition to initial training, the role of continuing training for TBAs has not been well
studied, particularly in low-literacy groups.

Faced with high maternal mortality and a severe shortage of SBAs in Malawi, the
Taiwan Medical Mission (TMM), based at Mzuzu Central Hospital in northern Malawi,
held a training program for TBAs from 2004 to 2006. The aim of this study was to
evaluate the effectiveness of such training programs by measuring the TBAs’
reproductive knowledge and by gathering data on the outcomes of the deliveries they
assisted with. The additional objectives were to determine the effect of factors such as
age and years of education of the TBAS, test frequeney-and time elapsed from the last

course on knowledge scores. This data may help in the future planning of continuing

training for TBAs in low-résource settingss =
[a ;
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METHODS
Taiwan Medical Mission and the Traditional Birth Attendant Project

The TMM was located in Mzuzu City, the major city in the northern region of
Malawi. The city has a population of approximately 200,000 and occupies an area of
26,931 kn’. To address the high perinatal mortality rate resulting from poor access to
qualified medical professionals and health facilities in this region, the TMM initiated a
training project for existing TBAs to improve their reproductive knowledge and
practices. We applied the principle of “one village, one TBA” to the recruitment process
to cover as many rural areas as possible. We consulted local authorities and leaders to
identify currently practicing TBASs in the villages surrounding Mzuzu City. In general,
there were about 1,500 to.3,000 people in each village:-the exact number is uncertain
due to the lack of a formal household registration system.

The TBAs in rural Malawi were usua;}:f?"enthusiastic women who were well known

.:

in their villages. Many of them had learned 1:i-0m experience by occasionally attending
deliveries and assisting in neighborir:lg women’s deliveries; others had learned from
their mothers or sisters, who were already eXperienced TBAs in the community. Their
services were usually free of charge. The mean age of these trained TBAs was 53.8 +
4.6 years old. Their mean duration of formal education was 4.1£3.2 years. Because
every TBA was recruited through the recommendation of a local authority or leader, it
was a great honor for them to take part in this project and no one declined. To assure
quality, the TMM project could only train a limited number of TBAs each year (23 in
2004, 34 in 2005 and 24 in 2006, which resulted in a total of 81 trained TBAs). Thus,
TBAs recruited in different calendar years were followed for different periods of time.
No TBAs failed to follow-up with the program during the period of training and

evaluation.
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After they were recruited, the TBAs received one month of intensive training at
Mzuzu Central Hospital. The training courses included topics like antenatal and
perinatal care, safe deliveries, the recognition of high-risk pregnancies and indications
for referral to local healthcare facilities. The indications for referral were highlighted
and illustrated in figures on a transfer sheet. Special conditions, such as severe anemia,
malnutrition, young primipara, grand multipara and HIV-positive status were included
as transfer indications. During the training course, the TBAs were able to observe SBAs
and to deliver babies under the supervision of SBAs at the Mzuzu Central Hospital.
After passing a qualification exam that evaluated their competency in reproductive
health, the TBAs were equipped with essential medicines including anti-malaria
medication (sulfadoxine-pyrimethamine), iron tablets, folic acid and some simple
delivery supplies. The TBAs were visited'at least once every three months by senior
Malawian nurses and TMM staff who ga\;:e-;ﬁiém logistical support, including the

#
replenishment of essential medieines and de:livery equipment: To facilitate the correct
recording of delivery data by the TBiAs, we designed.a special form that depicted the
different types of risky pregnancies in figures intended to overcome illiteracy barriers.
The supervising staff regularly checked and collected these forms.
Continuing training and periodic evaluation tests for TBAs

One year after the initial training course, all TMM-trained TBAs were invited to
attend a continuing training course at Mzuzu Central Hospital. The one-month course
was designed to refresh their reproductive health knowledge. A senior midwife used a
structured questionnaire to test their knowledge of reproductive health either before or
after their most recent course. The questionnaire had a total of 47 questions that covered
4 areas: antenatal care (9 questions), delivery (14 questions), postnatal care (11

questions) and general practice (13 questions). The point scales for each question
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ranged from O to 3, and the total score for a test ranged from 0 to 141. When the TMM
project first began in 2004, we only offered one evaluation at the end of training. During
the course of the program, however, we found that evaluation could improve the
training’s effectiveness. As a result, we increased the testing frequency to five times for
TBAs recruited in 2005 and four times for those recruited in 2006. The age and
education level of the TBAs, test scores, testing frequency and time elapsed since the
last course are summarized in Table 2-1.
Analysis and statistics

The univariate analysis summarized the age and education level of the TBAs, test
scores, testing frequency and time elapsed since the last course. The maternal referral
rates and perinatal mortality rates were calculated and stratified by maternal age. A
multivariate generalized estimating equatign (GEE) model{Zeger and Liang, 1986) was

e

constructed with the reproductive knowle(i.g%‘ scotes obtained through repeated

#
measurements as the dependent variable, wliﬂe the TBAS’ ages, years of education, test
frequency, time elapsed since Tast tra:ining course and. babies delivered per year were
included as the independent variables. The data were analyzed using the SAS software
package (Version 9.1.3, SAS Institute Inc. Cary, NC, USA).
Ethics Approval

The Ethics Review Board of Mzuzu University approved the study protocol and all

of the participants have provided either written or oral informed consent.
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FINDINGS
Characteristics and knowledge scores of the TBAs

The TBASs’ basic characteristics (i.e., age, years of education, time since their last
training course and evaluation scores) are summarized in Table 2-1 and are stratified by
the year in which they were trained.
Maternal mortality and referral rates of 1,984 mothers visiting trained TBAs

From July 2004 to June 2007, a total of 1,984 pregnant women visited and
delivered their babies at the home clinics of TMM-trained TBAs. No maternal deaths
occurred among these mothers. A total of 170 (8.6%) mothers were referred to the
nearest health facility, 79 (4.0%) before and 91.(4.6%) after delivery (Table 2-2). The
major reasons (and the number of oecurrences) for maternal referrals were as follows:
primigravida (31), previous caesarian section (15),\prolonged labor (13), premature
rupture of membrane (8), rétained placent;-;@), abnormal presentation (breech or

.:

transverse) (7), twins (6), postpartum hemor:rhage (5) and others (37). The main reasons
(and the number of occurrences) for :neonatal referral. were as follows: prematurity (12),
low birth weight (6), respiratory distress-(4), abnormality (1) and others (4).
Perinatal mortality rates of 1,905 babies born in TBA homes

Excluding the 79 mothers who were referred to hospitals before delivery, a total of
1,905 babies were delivered at the TBAs’ home clinics. Among them, there were 26
infant deaths (a perinatal mortality of 13.6 per 1000 live births). Both the maternal
referral rates and perinatal mortality rates were significantly different across the three
maternal age groups (p < 0.05 by the Poisson distribution test), as summarized in Table
2-2. These 26 newborn deaths were distributed over 17 TBAs who were found to have
lower test scores (p = 0.004) and fewer years of education (p = 0.399), as summarized in

Table 2-3. When we conducted a Spearman rank correlation test between the number of
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years of education and the number of newborn deaths for each TBA, we found a
correlation coefficient of -0.217 (p = 0.052), indicating a borderline trend between
increased perinatal mortality and a shorter duration of education of TBAs. However, the
TBAs who experienced perinatal mortality delivered about twice as many newborns as
the TBAs who did not experience perinatal mortality (Table 2-3).
Changes in knowledge scores over time

The proportion of correct answers given by 25 TBAs on four successive
reproductive knowledge tests is shown in Figure 1. The number of correct answers was
highest just after the training and refresher courses, but it decreased gradually over time.
Multivariate analysis of knowledge scores by GEE model

As shown in Table 2-4, the GEE model indicated that higher TBA reproductive
knowledge scores were significantly assoqiated with younger age, more years of

e

education of the TBAs, higher ﬁequencies?gf’tests and shorter durations elapsed since

#
the last training course, but the Scores were iess associated with the average number of
babies delivered. Further categ-orizat:ion ofiindependent, variables showed that test scores
were significantly improved if the time between testing and the last training course was

less than one year, if the TBA was less than 45 years old or if the TBA had more than

five years of education.
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DISCUSSION

This study explored the effectiveness of continuing training courses for TBAs who
had already completed initial training; effectiveness was based on the evaluation of their
reproductive knowledge and on the outcomes of their delivery services for 1,984
pregnant women. Multivariate analysis indicated that an annual schedule for continuing
training was helpful in maintaining the TBAs’ knowledge and performance.

To avoid the mismanagement of deliveries, TBAs were not allowed to assist with
first-born or complicated deliveries in Malawi. They were instructed repeatedly in this
training project to recognize such difficult cases early on and to transfer them to health
facilities. There were no maternal deaths among the 1,984 women who visited the 81
trained TBAs between 2004 and 2007. One probable.¢xplanation for this low maternal
mortality rate was the early and high refen.ral rate (8.6%) ofrisky or complicated

e

pregnancies to health facilities/where profe“;ﬁonal obstetric care was available

i
(Mavalankar and Rosenfield, 2005). /As pre\l}iously reported;training TBAs to recognize
the signs of risky pregnancies (incluc:iing using.depictions in figures on a referral sheet)
enabled them to identify and transfer dangerous cases promptly (Schaider et al., 1999;
Walraven and Weeks, 1999). In addition, the low maternal mortality rate can also be
partially attributed to the careful triage of cases by the TBAs. In fact, there were 79
(4.0%) women with-high risk pregnancies initially visited a TBA but were subsequently
transferred to health facilities prior to delivery. We attempted to follow these cases and
were assured that at least some of these cases did not end in maternal or perinatal
mortality. However, we were unable to identify all of the transferred cases due to the
incomplete medical records of the health facilities to which they were referred.

The perinatal mortality in this study was 13.6 per 1,000 live births, which is less

than the national rate in Malawi as reported by the WHO (26 deaths per 1,000 live
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births) (WHO, 2007) or by the 2004 Demographic Health Survey of Malawi (39 deaths
per 1,000 live births in the Mzimba district and 40 deaths per 1,000 live births in the
northern region where Mzuzu City is located) (NSO et al., 2005). Thus, the results of
TBA training presented here demonstrate a significant improvement when compared to
the national statistics. Our data is also consistent with the findings of previous studies,
which concluded that trained TBAs have the potential to reduce perinatal mortality
(Jokhio et al., 2005; Sibley et al., 2007). Unfortunately, the major reasons for perinatal
death in this survey were not clear, as less than 20% of the TBAs had obtained an
elementary school education and thus were unable to provide definitive diagnoses.

The 26 newborn deaths were distributed over 17 TBAs, who appeared to have
significantly lower test scores than the TBAs who did not experience a death (Table
2-3). As there was no significant differencp in the age or duration of education between

| | p—

these two groups, the potential impact of t“j‘raﬁing onh delivery outcomes must be

#
considered. However, because the average n:umber of newborns delivered by the TBAs
who experienced perinatal moftality :was appreximately twice the number delivered by
TBAs who did not experience a death, this ifiterpretation of the results should be
accepted with caution.

Maternal age was another important factor of perinatal mortality; a maternal age
of less than 20 or more than 34 years was associated with a higher perinatal mortality
rate (Table 2-2). While accessibility is an important factor in developing countries
(Liljestrand and Pathmanathan, 2004; Mpembeni et al., 2007), we usually recruited a
single TBA per village for training to maximize the coverage of such services and to
minimize differences in accessibility. But because there was no formal house

registration system in rural Malawi, we are unable to rule out poor access as a potential

cause of higher perinatal mortality.
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The way that the women learned midwifery was an important determinant of their
practice (Carvalho et al., 1998). These TBAs usually started their delivery services
accidentally and did not have formal training before practicing. Thus, providing them
with a good training course including appropriate reproductive knowledge could be very
important. Through this training project’s supervised sessions, we were able to
determine that training had a significant impact on the TBAs’ performance. After the
initial training courses, the majority of the TBAs felt more comfortable and more able to
educate mothers about personal hygiene, childcare and family planning. The pregnant
women in the villages also had more confidence in the trained TBAs and were more
likely to seek their services. One systematic review found that TBA training may
increase the antenatal care rate by approximately 38%;-which would also help reduce
maternal and perinatal mortality (Sibley et al., 2004).

In addition to the initidl training courlTsé'f the|continuing training (refresher) course

#
also served a very important funetion (_Kumér et al.; 2000)."Figure 1 shows that the
percentage of correct answers on the:knowledge test was highest just after the initial
training but decreased to a very low level after a period of one year. Immediately after
the refresher course, the percentage of correct responses returned to the previous level
and remained at an adequate level three months later. This finding agrees with the
conclusions of a previous study which indicated that TBAs who were not continuously
supervised and supported might return to their original practices (Kamal, 1998).
Moreover, using a GEE model, we determined that the amount of time elapsed since the
last training course and the frequency of testing were significantly associated with
reproductive knowledge scores (Table 2-4). If the time was longer than one year, the
knowledge score decreased significantly. Based on this finding, we advocate an annual

refresher course for TBAs. This schedule is also administratively convenient. Therefore,
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continuing training courses are necessary at least annually to maintain the TBAs’
reproductive knowledge, which is believed to be the foundation of good performance
during deliveries.

The personal characteristics of the TBAs are also important factors associated with
their knowledge scores. The GEE model in Table 2-4 demonstrates that TBAs under 45
years of age who had more than 5 years of school were significantly associated with
higher reproductive knowledge scores after training. Thus, more continuing training
should be offered to older TBAs and/or TBAs with less schooling.

The severe shortage of professional SBAs may be a major barrier to reaching the
fifth Millennium Development Goal. We are now almost halfway from 2005 to the
target year of 2015. One method to.alleviate this shortage is to transform the potentially
capable TBAs into “skilled”or/more/qualified birth attendants by providing them with
proper training and close supervision (Sibll:c%? and Sipe, 2006). Including TBAs in the

.:
“mainstream” reproductive health care syste:m mayhave some advantages because they
fully understand the local culture anc:i traditional habits.that may influence a woman’s
decision to seek health care. The important cultural and social roles of TBAs in their
communities can serve as a bridge between pregnant women and health care
professionals (Kruske and Barclay, 2004). For example, in the Republic of South Africa,
the majority of professional midwives agreed that TBAs can be helpful and should be
recruited into the health care system after being properly trained (Nolte, 1998). It has
also been suggested that integrating TBAs with professional midwives and doctors
might be a cost-effective strategy for improving reproductive health in human
resource-limited settings (van Roosmalen et al., 2005). However, it is extremely
important to continuously supervise and educate low-literacy health care workers. Our

study suggests that an annual schedule of continuing training should be developed with
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Increased mortality of male adults with AIDS related to poor
compliance to antiretroviral therapy in Malawi

ABSTRACT

Objective: To investigate the effect of gender on mortality of HIV-infected adults
receiving antiretroviral therapy (ART) and its possible reasons. Methods: A
retrospective study to review the records for outcomes of adult cases receiving ART at
Mzuzu Central Hospital, Malawi, between July 2004 and December 2006. Results:
Over the study period, there were 2838 adult AIDS cases receiving ART. Of these, 2029
(71.5%) were alive and still on ART; 376 (13.2%) were dead and 433 (15.3%) were lost
to follow-up. Survival analysis -with® Kaplan-Meier estimator showed significantly
higher survival rates among.females than males in WHO 'stage 1&2 and 3 (both P
<0.0001) and borderline in stage 4 (P ?::0.076). Cox model revealed a hazard ratio
(males vs. females) of 1.70 (95% conﬁd.é}:::-.e intervaly 1.35-2.15) after controlling for
WHO clinical stages, body mass index, and age.l Males.had a higher rate of lost to
follow-up than females in -all: different occupations..except for health workers.
Conclusions: The major reasons for a higher mortality in male patients starting ART
may relate to their seeking for medical care at a more advanced stage of
immunodeficiency and poorer compliance to therapy. The issue needs to be addressed

in scaling up ART programs in Africa.
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INTRODUCTION
Introduction of highly active antiretroviral therapy has greatly improved the

1-
3, and

survival outcomes of patients with AIDS, both in resource-rich countries
resource-limited settings *''. Since the World Health Organization (WHO) launched the
“3 by 5” initiative of placing 3 million people in developing countries on antiretroviral
therapy (ART) by the end of 2005, great strides have been made, particularly in
sub-Saharan Africa where 1.3 million patients had started ART by December 2006 '*.
As expected, the baseline degree of immunodeficiency, measured either by plasma
viral load, CD4-lymphocyte count or WHO Clinical Stage, is one of the most important
risk factors for a high mortality * © "%, Other risk factors include low body mass

index and anemia '*

. Before the.ntroduction of ART, some cohort studies found no

evidence of appreciable gender diffetences in disease progression either from

seroconversion to AIDS of from AIDS tlzc;;’fi'eath '°. Since the widespread scale up of
#

ART, some studies have identified gender e:ls an important factor in survival outcomes,

although the finding may not be s:o consistent_®"% ' 1922 "We therefore decided to

investigate the effect of gender on mortality in"adult AIDS cases started on ART at

Mzuzu Central Hospital (MCH), North Malawi, and look for the possible reasons.
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MATERIALS & METHODS
Study Setting and management of ART

MCH is the main referral hospital in the northern region of Malawi, and through
the Rainbow Clinic, it has been providing free ART to eligible HIV-infected cases since
July 2004 in accordance with the national guidelines > **,

When a patient is found to be HIV-positive, referral is made to the ART clinic for
clinical staging. If the patient is found to be eligible for ART (assessed in WHO Clinical
Stage 3 or 4 or with a CD4-lymphocyte count < 200/mm”, if laboratory is available),
he/she is asked to come with a:guardian for.a group. counseling session about ART
conducted by one of the:stafftof Rainbow “¢linie. .All eligible HIV-positive cases
undergo a thorough clinical ‘assessment., before-starting, therapy. Provided there are no
contraindications, all cases are treated iagth a generi¢, fixed-dose combination of
stavudine 30 mg (T30) or_40 mg (T405'=V_ lamivudine 150 ‘mg / nevirapine 200mg
(procured from Cipla, Mumbai, India, lunder. the trade name of “Triomune”) in line with
the Malawi national recommendations. Adults are also.given cotrimoxazole preventive
therapy (CPT) at the same time as ART according to the national guidelines.

Once started on ART and CPT, cases are followed up, first at 2 weeks and
thereafter at 4-week intervals, with assessments and drugs distributed from the ART
clinic. Characteristics and standardized treatment outcomes are recorded in ART
treatment master cards and the ART registry on a regular monthly basis that has been
previously described **. Treatment outcomes of HIV-infected cases receiving ART are
classified into: (a) alive and on ART at MCH, (b) death, (c) lost to follow-up for more
than 3 months (abbreviated as “default”), (d) stopped treatment, and (e) transferred
permanently to another ART clinic. In the Rainbow clinic, an electronic information

system using fingerprints is maintained to identify every case at the start of therapy and
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during follow-up, and this has been useful in ensuring the correct identity of cases

attending follow-up at the clinic .
Data collection and statistical analysis

Data were collected from the ART registry on all persons started on ART at MCH,
and these included age, sex, date and reason for starting ART. The outcomes for cases
alive and on ART were censored on December 31%, 2006. Adverse outcomes (death,
treatment stop, lost to follow-up for more than 3 months and transferred out) were
recorded with their dates up until the censor date of December 31% 2006. Data were
entered and cleaned in EXCEL and analyzed with SAS statistical software (Version 8.2,
SAS Institute Inc.; Cary, NC).

Survival analyses were conducted-with Kaplan-Mgeier: estimates and the log-rank
test to compare the difference between difgg@nt survival functions. We also constructed
a Cox proportional hazard-model to estim;fc:e_ the hazard ratios (HR) of mortality for the
following prognostic factors: age. (every 10 yeats. interval starting from 15 years);
gender (male, female); WHO Clinical Staging: (Stages 1&2 with a CD4 count < 200
cells/mm’, Stage 3, and Stage 4), body mass index (BMI <17, BMI 17-18.5 and BMI >

18.5). Results were presented as HR with 95% confidence intervals (CI).
Ethical approval

The Malawi National Health Science Research Committee does not require studies
that use routine programmatic data collection to be formally submitted for ethical or
scientific approval. As such, no formal submission for this study was made to the
Research Committee. General measures were provided in the Rainbow Clinic to ensure
patient confidentiality, consent for HIV testing, and support for children and guardians

upon receiving a positive HIV test result.
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RESULTS

Cases and survival rates

A total 0f 4001 individuals started ART at MCH between July 2004 and December
2006. Children (defined as a person < 15 years of age, n = 473) and cases who were
transferred out to another site (n = 690) were excluded from further analysis. Of 2838
cases who started ART up to December 31% 2006, 2029 (71.5%) were alive and still on
ART at MCH, 376 (13.2%) were dead and 433 (15.3%) were either lost to follow-up or
had stopped therapy (Table 3-1). The survival rates of AIDS cases decreased as WHO
stage advanced (85.0% in stages 1&2, 72.1% in stage 3, and 60.1% in stage 4). In
contrast, patients with a higher BMI have bettersurvival.rates (Table 3-1).
Gender Difference

Among these 2838 AIDS ‘cases; females/hiad a significantly higher survival rate
than males (76.0% vs. 64.6%; P < 0.0Ei;ia.jn Table 3-1). .This finding persists after
stratification by WHO clinieal ‘stage, bodyj:mass index and;.dccupation, as summarized
in Table 3-1. Figure 3 shows: the! survival analysis by Kaplan-Meier method after
stratification by gender and ' WHO clirical stage. Log rank test shows that female
survival rates are significantly higher than those of males (P <0.0001 for stages 1&2
and stage 3 in Figure 3), but are only of borderline significance for patients in stage 4 (P
= 0.076). According to the different quarters from when ART was started, females
always showed significantly higher survival rates than males, apart from the most recent
two quarters, July to September 2006 and October to December 2006 (data not shown).
Multivariate analysis using Cox proportional hazard model

After adjustment using Cox proportional hazard models, male gender, younger age,
lower BMI, and advanced WHO clinical stages were significantly associated with
increased mortality, as summarized in Table 3-2. Of these, patients in WHO stage 3 and

stage 4 had the highest risk of death with HR of 2.52 (95%CI, 1.56-4.39) and 5.25
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(95%CI, 3.18-9.27), respectively. There was a decreasing trend of HR from the younger

to older age group (Table 3-2).

DISCUSSION
The WHO clinical stage and malnutrition are well-known important prognostic

factors for AIDS mortality "~ '

, which corroborate the validity of this study, as
summarized in Table 3-2. Although the effect of gender on mortality of adult AIDS
patients is not a new issue, previous studies have not shown consensus or consistent

13-22
results & 1

. Many of these studies have documented increased mortality in male AIDS
patients * '3 14 18:19-21-22 "ht some studies failed fo show: statistically significant results,
probably due to a small sample 'sizé, a short duration of follow-up ®, or the lack of
control of confounding factors 'such fas the WHO ‘clinical staging, nutritional condition
and age. This study from Malawi, a resogi%é-poor country in sub-Saharan Africa, has
#

tried to clarify the effect/ of ‘gender on :mortality in patients started on ART by
undertaking a more comprehensive a:nalysis of the long-term follow-up of a cohort up to
30 months. And the result corroborates the ‘existence of the effect of male gender after
control of potential confounding by other risk factors. Thus, we tentatively concluded
that males suffered from a higher mortality than females under the same ART regimen.
But what is the major mechanism?

At the Rainbow Clinic, Mzuzu central hospital, females had a decreased “lost to
follow-up” (default) rate compared with that of males (13.0% vs. 18.6%, Table 3-1),
which is an indication of better compliance to therapy among females. As the main
care-taker for children in the Malawian family, and possibly in other developing

countries as well, females are usually more motivated to undergo voluntary counseling

and testing (VCT) and to take ART regularly. In contrast, males may be more reluctant
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to undergo VCT. This study also showed a statistically significant trend that distribution
of WHO stages for males seeking ART for AIDS were more advanced than those of

26,2 .
6. 7, which would make them more

females (Table 3-1), as also found in other studies
vulnerable even under ART.

After stratification by the WHO staging, however, males still showed increased
mortality. If further stratified by different occupations, the trend of a consistent lower
survival among males persisted, except only for health workers, as shown on Table 3-1.
Females had significantly higher survival rates than males both in the occupations with
a higher socioeconomic status like businessmen and in the occupation with a lower
socioeconomic status like farmer. Teachers, students, soldiers and police officers had
the same trend, though not significant probably due to their small sample sizes. Only
health workers had a similar rate for both males)and females, probably because both
genders had full awareness‘of the health irI:n:B'abt of HIV/AIDS and much easier access to

-

ART than general population. Moreover; t:here were also ‘consistently higher rates of
lost to follow-up of males among thése oceupations. Namely, the lost to follow-up rates
for businessmen, farmers, and teachers in*males vs. females were 12.3% vs. 9.4%,
16.2% vs. 7.6%, and 10.6% vs. 4.5%, accordingly. And that of the 635 housewives, all
females, was 12.4% only, indicating a generally high compliance. Only people without
definite occupations (n=1036) did not show a significant difference of the rates of lost
to follow-up between males and females, 1.e., 22.3% vs. 21.5%.

This result corroborates our hypothesis that males generally had a later start of
ART and poorer compliance to such treatment, which may lead to the higher mortality,
as were also reported in some other studies *'"***_ Our previous study, putting extra

efforts to determine the true outcomes of 253 patients “lost to follow-up” in the northern

region of Malawi including our Rainbow Clinic at Mzuzu central hospital and other
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three district hospitals, found that 127 (50%) of those “lost to follow-up” were dead,
only 58 (23%) patients were assured alive after comprehensive home visits. *° Since the
higher rates of lost to follow-up of males were found across different occupations, it
may imply to be related to a common cultural factor. According to our anecdotal
observation and qualitative study, one of the major reasons for males to seek for
medical care at a later stage and poorer compliance to ART may be related to their
dignity in the Malawian culture. And attention should also be paid to those without

definite employment, in which both genders showed a relatively poor compliance.

CONCLUSIONS

Gender difference was foundsto be a significart factor influencing survival and
mortality in adult patients on ART in both univatiate and-multivariate analyses in this
study. Males generally sotight. for mediéﬁ"éare at a later clinical stage. The rates of

#

survival and lost to follow-up ‘of males ar:e also worse than females across different
occupations. Thus, we coneluded tilat significantly. higher mortality in male patients
may be associated with their poor complianée to the ART, which may be related to their
culture, such as the dignity of being a male. In order to improve the survival outcome, it
is crucial to increase patients’ access for earlier treatment and to improve the

compliance of patients, especially among male adults and people without definite

employment, in ART scaling up programs.
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The threshold of body mass index for early mortality of children on

antiretroviral treatment: A five-year follow-up study in Malawi

ABSTRACT
Objective: In children receiving antiretroviral treatment (ART) to assess body mass
index (BMI) as a prognostic indicator and to determine if there is any life-threatening
level.
Design: An observational follow-up study at Mzuzu Central Hospital, Malaw1.
Methods: Children under 15 years old starting ART between September 2004 and
December 2006 were followed up until: August'2009. Mortality was determined and risk
factors were explored through the construction of Cox proportional hazards model.
Results: Among 505 children (263 boys); there were a totalof 82 (16.2%) deaths. The
receiver operating charactetistic curves anlicl:fy's'is indicated that the best predictability of
P
child mortality was BMI measured at baselir:le and the first'month. The Cox model
showed that BMI < 15 kg/m’ and WI:-IO stagellV were.two significant risk factors, both
with three times greater risk of mortality. Futthermore, Kaplan-Meier survival analysis
for the cohort stratified by the WHO staging and BMI showed that stage IV children did
not have more death than other stages if their BMI were >15 kg/m’.
Conclusions: BMI= 15 kg/m’ is the life-threatening level of children on ART which
can be a warning sign for early mortality. Nutrition assessment and intervention should

be integrated with ART program from the beginning.

Running Head: BMI threshold for early death of children on ART

103



INTRODUCTION

Mzuzu Central Hospital (MCH) is the main referral hospital in the northern region
of Malawi. It has been providing free ART to eligible HIV-infected children since
September 2004 in accordance with the national guidelines for Malawi (1, 2). The
prognostic risk factors for early mortality in these children with acquired
immunodeficiency syndrome (AIDS) on ART for 3 and 6 months have been reported to
be the advanced clinical stage and severe wasting (3).

Malnutrition is a common cause of morbidity in children with AIDS and growth
failure is one of the most sensitive indicators of disease progression (4-13). In South
Africa, more than 50% of HI'V=infected children are underweight and stunted (13). Vice
versa, there is a high prevalence of HIV infection in'seéverely malnourished children
(14-16). In Malawi, around 40% of childre.n with malnutrition are found to be HIV

e

infected (14). Though the aSsogciation betw;ﬁl-malnutrition and AIDS was well-known,
#
no clear cutoff value of anyanthropometric li:rarameter for children has been recognized
or proposed to be the threshold for eétrly mortality.
The aim of the current study was to-follow up these'children with AIDS on ART in

order to assess body mass index (BMI) as a prognostic indicator, and to determine if

there is any threshold of BMI for early mortality.
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METHODS
Case assessment and management

All HIV-infected children, who were considered eligible for ART by World Health
Organization (WHO) clinical or immunological criteria, underwent a thorough clinical
and nutritional assessment before starting treatment. Children’s guardians received
pre-ART counseling and education about how to administer medications. The treatment
protocol was in accordance with the national guidelines for Malawi (1-3). Treatment
outcomes were classified into: (a) alive and on ART at MCH, (b) death, (c) lost to
follow-up for more than 3 months, and (d) transferred permanently to another ART
clinic. The outcomes were recotded with'dates unfil the ¢ensored date of August 31,
2009.

Once ART was started, children were followed up biweekly for the first month and

| | p—

then monthly, with assessnients.and medio;ﬁ'c‘)ns distributed from the Rainbow ART
#

clinic at Mzuzu Central Hospital. Body weigl;;ht and body height were recorded at the
beginning, the first month, and ever3:1 3_menths when.they came back to get medications.
Basic demographic data including age, gender, mitial body weight and height, date and
reason for starting ART, WHO stages, treatment outcomes, compliance with clinic
visits, and drug adherence have been monitored and recorded on an electronic
information system on a regular monthly basis (17). Data were collected for all patients
whose entry ages were less than 15 years while beginning ART.
Ethical approval

The Malawi National Health Science Research Committee did not request formal
submission for ethical or scientific approval for studies using routine programmatic data

collection. As such, no formal submission for the current study was submitted to the

Research Committee. General measures were provided to ensure patients’
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confidentiality. The consent for HIV testing and support for children and guardians
upon receiving a positive HIV test result were provided as well.
Statistical analysis

The characteristics of children classified into 4 categories of BMI (=13, 13-15,
15-17, and >17 kg/m”) were compared using the Chi-squared test. Kaplan-Meier
estimates and the Log-rank test were used to perform survival analyses in order to
compare differences between different survival functions. We also constructed a Cox
proportional hazards model to estimate the hazard ratios (HRs) of mortality for the
following prognostic factors: age (0-1.5 years, 1.5-5 years and 6-15 years); gender
(male vs. female); WHO stage (I & I1, 11l and V) and body mass index (BMI = 15 vs.
> 15 kg/m?). Results were presented@s HR with 95% confidence intervals (CI).
Receiver operating characteristic curyes (ROC) analysis was performed to compare the
area under the normalized ROC. curve (AII:}“#@‘for WHO stage and anthropometric

#

indicators including weight, height, We_ight-%or-height and BMI at the beginning, the
first and the third month. Statistical sfigniﬁcance was defined as a p value <0.05. Data

analysis was carried out using the SPSSsoftware (version 16.0 for Windows, Apache

Software Foundation, USA).
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RESULTS
Cohort characteristics

Between September 2004 and December 2006, there were 505 children aged less
than 15 years starting on ART at Mzuzu Central Hospital. Among them, 263 (52.1%)
were boys. Table 4-1 shows the comparison of the baseline characteristics of these
children on ART classified into four BMI categories. The percentage of children with
lower BMI, such as less than = 13 kg/m?’, was increased as WHO stage advanced and
children who survived generally had higher BMI than deceased children.
Survival rates

More than two-thirds of the children were alive and still on ART at MCH by the
end of the follow-up on 31 August. 2009 (Table 4-1):A-total of 82 children (16.2%)
died, of whom 64 (78.0%) died within the, first'6 months,,69(84.1%) died within the
first year, 80 (97.6%) withih the second y(;-;a;‘i"'(')f treatment. After the second year, there

#

were only two deaths. The survival rates of :children increased as the baseline BMI
increased (Figure 4a) but decreased E:IS WHO stages advanced. If the survival rates were
further stratified by BMI categories (=15 vérsus> 15kg/m?”), the significant difference
in the survival rate between different WHO stages was only shown in patients with BMI
less than 15 kg/m” (Figure 4b and Ic).
Dynamic changes of BMI after ART

The comparison of the BMI of children at the beginning and follow-up visits
stratified by both WHO stages and outcomes is summarized in Table 4-2. The children
with WHO stage IV had lower BMI than those with WHO stage I-111 and a significant
difference in BMI between WHO stage IV and WHO stage I-11I only showed at the
baseline and the end of the first month, not at the later follow-up visits. If the BMI of

children at the beginning and follow-up visits were stratified by outcomes as alive or
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deceased, children who were alive had a higher average of BMI values than deceased
children during the first three months of starting ART.
Cutoffs and area under the ROC curve of anthropometric parameters

The predictive powers for mortality within the 5-year follow-up for the
anthropometric parameters, including weight, height, weight-for-height, BMI as well as
the WHO staging were assessed by the area under the curve (AUC) of ROC analysis
and are summarized in Table 4-3. The BMI and weight-for-height at the baseline and the
first month were found to have a significantly discriminative ability to predict the

mortality, which showed better predictability than WHO staging.

Cox hazard model

After adjustment using Cox proportional hazard models, we found that BMI =15

kg/m* and WHO stage IV were two tisk factorsssignificantly associated with increased

ppa—

mortality, as summarized in Table 4-4. Ch'i'l_;;én with a BMI = 15 kg/m” and WHO
stage IV had about three times highe_r risk otl death than those with a BMI > 15 kg/m’ or
in WHO stage I & II. There se-ems to. beva decreasing trend of hazard ratio (HRs) from
the younger to the older age groups. There was no difference between two genders or

different orphan states.
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DISCUSSION

The current study showed that the children with AIDS on ART had a 5-year
survival rate of 67.7%. Most (97.6%) of the mortality occurred in the first two years of
treatment. Through the construction of Cox proportional hazard model, we found that
WHO stage and malnutrition were two significant prognostic factors for AIDS mortality,
consistent with findings in previous studies (3, 6, 18-23). To our limited knowledge, the
current study is the first one to demonstrate that BMI 15 kg/m® might be a potential
life-threatening threshold for children with AIDS, despite effective antiretroviral
therapy (ART).

Though WHO stage is a well-established prognostic indictor, our survival analyses
showed that the significant differenee only occurrediin-children with severe malnutrition,
namely, BMI less than 15 kg/m’ (Figlire 4, b). [The|current'study suggests that severe
wasting may be a prerequisite leading to dx;:'l'fh ofchildren with advanced clinical stage.

#
Furthermore, we also found/that BMI had a :larger area undet-ROC curve, or predictive
power, than WHO stage, shown in T:able 4=3 5Therefore, we recommend that BMI
should be assessed for every child with HIVZAIDS.

The significance of BMI on predicting the mortality has been documented in
previous studies regarding adult AIDS cases on ART, but the cutoff values for adults
appeared at around 16-18 kg/m® (20, 22-24). As children generally have a smaller BMI
than adults (25) and more than two-thirds (69.3%) of children’s BMI were below 16
kg/m’ in the current study, we conducted the ROC analysis and found that two cutoff
values with the largest area under curve: BMI 14.7 kg/m” at the beginning and 15.3
kg/m” at the first month (Table 4-3). For easy understanding and memory, we used 15
kg/m’ to represent these two cutoff values. Moreover, we further validated BMI 15

kg/m’ as an independently significant risk factor of mortality in the Cox proportional
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hazard model (Table 4-4).

In the current study, we found a general pattern of increase of BMI in children after
starting ART even in severely ill children, shown in Table 4-2, which corroborates
results from previous studies (6, 11). Though the average BMI of AIDS children with
WHO stage IV was significantly lower than that of AIDS children with stages I-III at
the beginning and the first month, they appeared to catch up the growth very soon. If the
BMI of children at the beginning and follow-up visits were stratified by outcomes, the
average BMI of living children were generally higher than deceased children at the first
three months, but a statistically significant difference was not shown in later visits
(Table 4-2). The average BML of those'patients who died before the next visit was
always the lowest. It appears that theé predisposing efféet of malnutrition on mortality
decreases by time. After the third month, some other reasons such as tuberculosis and/or

| | p—

opportunistic infections beCame more imp;ﬂﬁnt than malnutrition to explain the

i
mortality. This hypothesis was further _suppérted by the ROC-analysis in Table 4-3,
which shows that all the area under t:he cunves:of all anthropometric parameters were
decreased to a less significant level after-the*third month'(Table 4-3). Therefore, we
suggest that the first three months are the golden period to have nutrition assessments
and early interventions, especially for severely malnourished children.

In Malawi, many children and their care-givers did not know the exact dates of
birth of the children. So, it is less accurate to check the weight-for-age or height-for-age.
In contrast, BMI and weight-for-height are more independent from age and can be
easily obtained. In some resource-limited settings, both indicators have already used as
inexpensive prognostic predictors in children with AIDS on ART (5). However, the

BMI showed less variation during the follow-up period than weight-for-height. As BMI

had a larger area under ROC curve than weight-for-height (Table 4-3), BMI may be a
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better indicator than weight-for-height.

Gender and orphan states were not found to be significant prognostic factors in the
current study. It may indicate at least an equal likelihood of adherence to ART in child
patients (Table 4-4). The extended family system in Malawi is similar to that in other
African countries (26). It appears that the system currently can cope with the orphan
situation and does not discriminate against girls. We hope that adequate social and
economic supports to children’s caregivers can be continued in order to maintain their
good compliance as well as adequate nutrition for these children (27).

Limitations

The current study has some limitations. First, we did not use the laboratory data as
routine indicators because it was not available for every case in a resource-limited
setting. Moreover, advanced WHO clinical stages are often-associated with poor
laboratory results such as low €D4 countsli,:;i'h'emia and thrombocytopenia. For example,

#
one previous study in Malawi found that the: anemia only occurred in patients with
WHO stage IV (28). Another meta-a:nalysis combined .13 cohort studies concluded that
CD4 count at 6 months after starting ART, riot at baseline, is associated with subsequent
disease progression (29). Therefore, using CD4 count as a prognosis predictor may be
inappropriate at the beginning. Secondly, there were 5.3% of patients lost to follow-up
in the current study. Our previous study in the northern region of Malawi found that
50% of “lost-to-follow-up” were dead, and only 23% patients were assured alive after
comprehensive home visits (30). Since we did not include those lost-to-follow-up
children as deceased cases, we might slightly overestimate the survival rate in the
current study.
Conclusions

A 5-year survival rate of 67.7% among 505 children with AIDS on ART was
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documented in the current study. ART can improve the survival of children with AIDS,
as well as catching up the growth in severely ill children. Since the impact of
malnutrition on child mortality mainly happened within the first three months, the
nutrition assessments and interventions should be started as early as possible. The
current study also demonstrated that BMI can be an effective prognostic indicator for
child mortality in a resource-limited setting. Children with BMI less than 15 kg/m® were
at a significantly higher risk of early mortality. This life-threatening threshold can be a
warning sign for clinical staff and caregivers to pay more attention to the severely
malnourished children. We suggest that nutrition support should be integrated with
current ART management for children with AIDS.

Abbreviations

AUC: Area under the ROC curyve;

CI: Confidence interval:

WHO: World health organization;
ROC: Receiver operating characteris:tic;
SD: Standard deviation.
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