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Abstract

Access to and utilisation of maternal health services are very limited in low- and middle-
income countries. Maternal morbidity and mortality are very high in these countries due to the
limited access to and use of maternal health services. This is the case in Ethiopia, where a high
number of maternal deaths occur every year. A geographically linked data analysis using
population and health facility data is valuable for mapping maternal health service access and
use. It also enables the identification of both the demand- and supply-side factors associated
with the use of this service. This study aimed to assess the geographic variations and

determinants of maternal health service use in Ethiopia.

This thesis used data from national population and health facility-based surveys. The two
datasets were linked using geographic data linking methods. After linking these datasets,
spatial analyses were carried out to identify geographic variations in maternal health service
use in Ethiopia. Multilevel analyses were also undertaken to identify determinants of maternal

health service use in Ethiopia.

There were wide geographic variations in maternal health service use across Ethiopia. Maternal
health service use was influenced by both demand- and supply-side factors. Women and their
spouses’ education, parity, household wealth and place of residence were the most important
demand-side factors in using maternal health services. Geographic access to and the availability
of maternal health services, and the service readiness of healthcare facilities, were the most

important supply-side factors.

There are geographic variations in maternal health service use in Ethiopia, revealing critical
gaps in service availability and readiness. This indicates a need for targeted future investment
to increase access to and use of these services, which in turn will contribute to the reduction of

maternal morbidity and mortality.

i



Declarations

Statement of Originality

I hereby certify that the work embodied in the thesis is my own work, conducted under normal
supervision. The thesis contains no material which has been accepted, or is being examined,
for the award of any other degree or diploma in any university or other tertiary institution and,
to the best of my knowledge and belief, contains no material previously published or written
by another person, except where due reference has been made. I give consent to the final
version of my thesis being made available worldwide when deposited in the University’s
Digital Repository, subject to the provisions of the Copyright Act 1968 and any approved

embargo.

Collaboration

I hereby certify that the work embodied in this thesis has been done in collaboration with other
researchers. I have included as part of the thesis a statement clearly outlining the extent of

collaboration, with whom and under what auspices.

Authorship

I hereby certify that the work embodied in this thesis contains published papers of which I am
a joint author. I have included as part of this thesis a written statement, endorsed by my

supervisors, attesting to my contribution to the joint publications.

Thesis by Publication

I hereby certify that this thesis is submitted in the form of a series of published papers of which
[ am a joint author. I have included as part of the thesis a written statement from each co-author;
and endorsed by the Faculty Assistant Dean (Research Training), attesting to my contribution

to the joint publications.

Signed:
Date: 11 November 2020
Teketo Kassaw Tegegne

The University of Newcastle

il



Co-Author Statement

I attest that Research Higher Degree candidate Teketo Tegegne contributed to the listed

publications included in this thesis by publication:

Tegegne TK, Chojenta C, Loxton D, Smith R, Kibret KT. The impact of geographic
access on institutional delivery care use in low and middle-income countries: systematic

review and meta-analysis. PLoS One 2018; 13(8): €0203130.

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Service environment link
and false discovery rate correction: methodological considerations in population and

health facility surveys. PLoS One 2019; 14(7): €0219860.

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Antenatal care use in
Ethiopia: a spatial and multilevel analysis. BMC Pregnancy Childbirth 2019; 19(1):
399.

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Giving birth in Ethiopia: a
spatial and multilevel analysis to determine availability and factors associated with
healthcare facility births. BJOG: An International Journal of Obstetrics &

Gynaecology. 2020.

Tegegne TK, Chojenta C, Forder PM, Getachew T, Smith R, Loxton D. Spatial
variations and associated factors of modern contraceptive use in Ethiopia: a spatial and

multilevel analysis. BMJ Open. 2020;10(10): e037532.

Teketo Tegegne contributed by:

contributing to each study’s conception and design

developing analyses plans and analysing the data

interpreting the data

leading the writing of the manuscripts.

v



Cio-author Publications Slgnaturs Drats
Catherine Chojenta 1,23, 4.5 T
Deborah Lexton 1,2 3,45 TR
Boger Smith 1,2 34,5 12th Mey 2020
Eslarm; Tilalnm Eibres 1 1120
Theodra: Getachen: 345 12M 12020
Peta Forder 1

(2 NV
2028

Endorsed by Faculty of Health and Madicine Assistant Dean (Ressarch Training)

Signed:

Data:

The University of Namwrastls



Permissions of Use

I warrant that I have obtained, where necessary, permission from the copyright owners to use
any of my own published work (e.g., journal articles) in which the copyright is held by another
party (e.g., publisher, co-author). The copyright and licence agreement for Chapters 3 and 5
can be found in Appendix A. The copyright and permission to reuse for Chapter 6 can be found
in Appendix B. The licence agreement sought for Chapters 7 and 8 are included in Appendix
C and D, respectively.

Conferences

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Service environment link and false
discovery rate correction: methodological considerations in population and health facility

surveys. Paper presented at 20th J. B. Douglas Postgraduate Award; 2019 November; Sydney.

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Spatial patterns of maternal health
service utilization and determinant factors in Ethiopia. Paper presented at Health Informatics

Conference of Australia, Australian College of Health Informatics; 2018 August; Sydney.

Vi



Thesis Publications

Chapter 3

Tegegne TK, Chojenta C, Loxton D, Smith R, Kibret KT. The impact of geographic access on
institutional delivery care use in low and middle-income countries: systematic review and

meta-analysis. PLoS One 2018; 13(8): €¢0203130
Chapter 5

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Service environment link and false
discovery rate correction: methodological considerations in population and health facility

surveys. PLoS One 2019; 14(7): 0219860
Chapter 6

Tegegne TK, Chojenta C, Forder PM, Getachew T, Smith R, Loxton D. Spatial variations and
associated factors of modern contraceptive use in Ethiopia: a spatial and multilevel analysis.

BMJ Open. 2020;10(10): e037532.
Chapter 7

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Antenatal care use in Ethiopia: a
spatial and multilevel analysis. BMC Pregnancy Childbirth 2019; 19(1): 399.

Chapter 8

Tegegne TK, Chojenta C, Getachew T, Smith R, Loxton D. Giving birth in Ethiopia: a spatial
and multilevel analysis to determine availability and factors associated with healthcare facility

births. BJOG: An International Journal of Obstetrics & Gynaecology. 2020.

vii



Dedication

To my family, both near and far: you are the foundation that keeps me grounded and supports

me as I continue to grow. I dedicate this thesis to all of you. I hope I have made you proud.

viii



Acknowledgements

I thank the University of Newcastle, Australia, for providing me with a full scholarship, and
free access to the digital online library to search the electronic databases that were considered
for this thesis. I also thank Debre Markos University, Ethiopia, for allowing me to do my PhD
and for all the administrative support I received. I thank the Demographic and Health Survey
Program and the Ethiopian Public Health Institute for providing me with free access to the
datasets used for this PhD project. I also thank the study participants who provided their

information, and the data collection team for each of the surveys.

I would not have achieved this milestone without the tireless supervision, support and guidance
of my beloved supervisors, Dr Catherine Chojenta, Professor Deborah Loxton and Laureate
Professor Roger Smith. I am very glad and proud to have you as my PhD supervisors. I always
appreciated how you would see things from a different point of view, and your feedback was
wonderful. Your comments have given me strength and helped me to broaden my view for the
globe and my thesis. You helped me to go beyond my comfort zone—for instance, your
comments and thoughts strengthened me to do a methods paper, which became the basis for
the rest of my PhD project. You are always supportive of and very kind to me. I received
support to do course works, and to change my PhD program of candidature to community
medicine and clinical epidemiology. Many thanks for your incredible support during the

COVID-19 pandemic. Thank you so much for everything.

Cath, I have no words to express how you have helped me since accepting my request to be my
PhD supervisor. Do you remember the trouble I had during my visa application? I was
bothering you all the time and you helped me to sort that out. You are not only my PhD
supervisor; in every meeting we had, you asked me about my health and my family. Your
concern about my health and family gave me great strength. I feel that I have not missed social
support—I feel like I am in Ethiopia! I thank you, Cath, for signing and approving coursework
and candidature program change requests, and the never-ending technical and social supports.
I also thank you for giving me the opportunity to work for your congenital conditions project.

It was excellent experience and will be helpful for my future career.

Deb, I have always learned lessons from the way you make decisions and your leadership. You

give me simple and straightforward solutions whenever I encounter challenges. You also were

X



very concerned about my health. You made sitting arrangements within a short period of time,
which helped me to do my PhD work with comfort. Besides my PhD study, Deb, you gave me
a big job working on your domestic violence mapping project. It was a great opportunity to
broaden my geographic information system knowledge and skills. It was wonderful experience

and provided me with huge confidence in my future career.

Roger, I am very lucky to have had you in my PhD journey. I want to thank you for inviting
me to attend and share the experience with the mothers and babies research group. I benefited
from wonderful lessons and experience. I have always wondered at how you can explain things
in a very simple and clear way. I am also amazed by how you see things from different
perspectives. As you always say, ‘It is the personality that makes a person good or bad; it is
not the religion, ethnicity or the country that someone belongs to’. I agree with you and you
have been so good to me. I had never been out of Ethiopia; Australia was my first overseas
country. On my arrival, you invited me to your house and introduced me to the Australian
culture, and made me feel at home. That was very helpful and engaging to me. You also invited
my family (my wife, Aynwaga, and my daughter, Hana) on their arrival to Australia. They
were very happy; especially Hana, who was very excited. We have continued coming to your
house; we also came with our little Aussie—Ethiopian daughter, Tsion. We have enjoyed our
time with you and Annie. Hana is always happy about you; she always asks me about you and
Annie! I also thank Annie for her kindness, the chat we had and the delicious food. I also thank

your children for showing us their kindness talking with us.

I want to thank Dr Melissa Harris, who I first contacted at the University of Newcastle, asking
her to be my PhD supervisor. You connected me with Cath and opened the way to Newcastle.
Melissa, many thanks for linking me with Cath. Your support in preparing my curriculum vitae

has helped me a lot and thanks for that, too.

Ms Peta Forder, your input was great in my PhD work. Your statistical support was limitless
while I wrote my PhD proposal. The workshops you provided were very important and helpful.
Peta, your supervision for the domestic violence mapping project was amazing. The questions
you raised for this project were very challenging, helped me to read a lot, and were a great

input for my PhD project.

Ms Debbie Booth, your support was incredible. Thank you for training me on how to use

EndNote and a literature search strategy. You also helped me in developing a search strategy



for my systematic review and meta-analysis paper. Debbie, you were always supportive of the

challenges I encountered and your response was very quick, thank you.

Mr Ryan Tuckerman, thank you for your technical support. Whenever I encountered technical
issues with my computer, I approached you and your support was wonderful. Mr Olivier Rey-
Lescure, you helped me in preparing the appropriate Ethiopian projected map. I also thank you
for the consultation I had with you for the spatial analysis. And Mrs Katherine Tuckerman,

many thanks for organising my supervision meetings and for your kind support.

I thank Tesfalidet Beyene and Tesfaye Feyisa for your welcome and accommodation on my
first arrival to Australia. I also give my thanks to all my Ethiopian fellows at the University of
Newcastle. I had your input into my PhD work, which was incredibly important. I also thank
our Public Health Social Club members, who helped me to know the cultural diversities—the
joy and excitement we had! It was very important for me to get off the computer screen. It was
my great opportunity to run the social club as well. I thank my Hunter Medical Research

Institute colleagues and the staff for your support and encouragement.

To my family on the other side of the world, you are with me every day. To my brothers and
sisters for making sure that I will never get a big head and for making me laugh when I need
it. I am grateful for the love and support of my mum and dad. Mum, thank you very much for
keeping me in your prayers all the time. Dad, you are always my strength. You always say to
me, ‘I have trust in you; you will have big achievements’. Thank you for your encouragement

to pass through tough times.

Last, but definitely not least, thank you to my incredible wife, Aynwaga, and our daughters,
Hana and Tsion. The three of you have sacrificed the most to help me reach this goal. Ayne, I
am very blessed to have you. You have coped with the worst of it, including my extreme
exhaustion and crankiness from late nights and the stress of the never-ending to-do list. Thank
you for your words of encouragement, for taking on the domestic load, for sacrificing time with
me when I was not well, for loving me unconditionally and for being as committed as I am to
finishing this PhD. Hana, thank you for understanding me wherever I said I have to do my PhD
and will give you time some other day. Tsion, you were the most beautiful gift to my PhD,

thank you.

Capstone Editing provided copyediting and proofreading services, according to the guidelines

laid out in the university-endorsed national ‘Guidelines for Editing Research Theses’.

Xi



Table of Contents

ADSIFACE covinnnrrnnrneiiiiiiiiinsssnnnnntiiecssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssse ii
DeClarations.....eeeeeieiciiiiinrrnnneeniiicciissssssnnneniscssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns iii
Statement of OriZINAlitY........cccuviiiiiiiiiiie ittt e e e e sibeee e e sebeeeeeaes 111
(101 1101017213 o) o USSP PUR SRR il
AUTNOTSIIP ...t et e et e e et e e e et e e e e nnaraee s il
Thesis by PUBLICAtION...........uuiiiiiiiieiiiee e e e e e e e 111
Co-AUthor StatemeENt...........vviiiiiiieiieiee e e e e e e e ree e e e e e v
PermiSsions OF USE ......eeiiiieiiiiiiiiiiee ettt e e e e e e e e e e e e e neeaaeeeeas vi
CONTRTEIICES .....viieieieee e e ettt e e e e ettt e e e e e e e ettt e e e e e e e e e e s nesaaeeeeeeeeansnsssrenaeeeeeanns vi
ThesisS PUDIICAtIONS .....ceieiiiiiiiiiiiee et e e e e e et eeeeeeeeeas vil
(0] 010 (<3 S SR PUUPRRRNt vil

(O] T30 £ e PRSP PUUPRRN vii

(O] 030 (<3 A TSRS UUPRRN vii

(O] 030 £ U SRS UUPRRN vii

(O] 130 £ U SRS UUPRRRN vii
DediCatiON . cciiiiiiiiiiiiiiiininnnnnnnsnsnnnnnnsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses viii
ACKNOWIEAZEMENLS...cciiiiiiiiiiiiiinnnnnnnnnnnnnnssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses ix
Table Of CONEENLS .....cvvviiiiiiiriiiirinsissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss xii
LSt Of FigUIES..cciiiiiiiiiiiiinnniiiinnnnnnnnnnnnnnnnnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses Xviii
LiSt Of TaDIES c.ciiiiiiiiiiiinininiininnnnssnnnnnnsnsnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns Xix
List of ADDIreviationsS...ccccciiiieiiiiriennnnennnnennnnnnnnnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssss Xxi
Chapter 1: INtroduction........coeeeeneininninneenininseeneesniseseseesnesesesssessessesssssesssesssssesses 1
1.1 Healthcare Access and USE ..........uuuiiiiiieiiiiiiiiiiiieee e ettt e e e e et ee e e e e e e e eeens 1
1.2 Maternal Healthcare ServiCes........coouuviiiiiiiiiiiiiiiiieee et e e 6
1.2.1 Modern ContraCePtiON.......uuiieeeeeeeciiiiirereeeeeeeseiiirreeeeeeeeeesnssrrreeeeeeeesssssssssseeees 6
1.2.2 ANteNatal Care.........cccuvviiiiiiieee et e ettt e e e e e e et e e e e e e e e enneaaaeeeeas 8
1.2.3 Health Facility Births ...........coooiiiiiiiii e 9
1.2.3.1 Caesarean Delivery................ccccccovuvuuiiieiieiiiiiiiiiiieee e 11

1.3 Overview of EthiOpia........ccoeiiiiiiiiiiie et e e e e 13
1.3.1 Geography and CHMAte...........ccueiiiiiiiiiiiiiiiie e 13
1.3.2 Demographic Profile ...........coooiiiiiiiiiiii e 13
1.3.3 Government and AdminiStration..............ceeeeeeeuriiereeeeeeeeiiiiieeeeeeeeeeeeeeneeeens 14
1.3.4 EAUCATION ...ttt ettt e ettt e et e e et e e e e 15
1.3.5 Health POIICY......coiiiiiiiiiiiiiicc e 16
1.3.6 Health SyStem .....c.cueeiiiiiiiiiiiicec et 17

1.4 TRESIS OVEIVIEW ..eeiiiiiiiieeeiiiiee e ettt e ettt e e ettt e e ettt e e ettt e e e e saabeeeeesasbeeeeennnneeeeas 18
1.5 Chapter SUMMATY ........eiiiiiiiiiieiiiie ettt ettt st e e e et e e 20
Chapter 2: Literature ReVIEW......cccvvvveeeriieccssssssssnnsesiiecsssssssssssssssssssssssssssssssssssssssssens 21
2.1 SArCh Strate@Y ....ceeeieiiiieeiiiiie et et e 21
2.2 Modern COontraCePtION .....ecuuvvieeeriiieeeeiiiieeeeeiitteeeesieeeeeeiibeeeeenbbeeeeesneseeeeensreeeens 21
2.2.1 Demand-Side Factors of Modern Contraception ..............ccceeeevcuvveeeencuneeeennns 21
22000 AQC oo 22

2.2 1.2 EAUCALION. ...t 22

Xii



2.2.1.3 Husbands’/partners’ EQUCALION. ....................cccccuieeiiciiiaaaiiiiieeieiiieee, 23

2.2.1.4 Household Wealth.................ccccocccuiiiiiiiniiiiiiiieii et 24
2.2.1.5 OCCUPALION ... e 24
2.2.1.6 RESIACIICE. ... 25
2.2.1.7 Antenatal Family Planning Counselling..................ccccccccvveeeeenniiinnennnn... 25
2.2.1.8 Number of Living CRildren..................ccccccooomviiiiieiiiiiiieiiciieeeeeiie e, 26
2.2.2 Supply-Side Factors of Modern Contraception ..............cccvveeeercveeeeerinneeeeennns 26
2.2.2.1 Geographic Access to Family Planning Facilities ...................cccccceo...... 26
2.2.2.2 Family Planning Service Availability ..................ccccccvvveiiiiiiiiaiiiiiennnn. 27
2.2.2.3 Family Planning Service Readiness....................ccccoeevcuvveviieeeeeiiiiinnennnnn.. 27
2.2.2.4 COMMUNILY SEFVICE ........cceeeeiiiiiiieeeeeeeeeeieee e e e e et e e e e e e e e easaaaeeee s 28
2.3 ANLENAtal Care ... .oeoiiuiiiiiiiiiiie e e 28
2.3.1 Demand-Side Factors of Antenatal Care............cccoeouveeiiniiiiiiiniiiiiiiiiecees 28
2311 EQUCAIION. ... 29
2.3.1.2 Husbands /partners’ EAUCALION...................c.ccccoeeeemeeeiiiiiiiieeeeeeeiiieeeannn 29
2.3.1.3 Household Wealth.................cccccooooiiiiiiiiiiiiiiiieei e, 30
2.3.1.4 RESIACIICE. ... 30
2.3 1.5 PAFILY ..o 31
2.3.1.6 Pregnancy PIAnning..............ccccccuvieieiiiiiiiiiiiiiee e 31
2.3.1.7 Autonomy in Healthcare Decision-Making.................cc.cc...ccccceveecvvvnnn.... 32
2.3.2 Supply-Side Factors of Antenatal Care...........ceeeveuvviiiiiieeieiiiiiiiieeee e, 32
2.3.2.1 Geographic Access to Antenatal Care Facilities....................ccccccvvun..... 32
2.3.2.2 Availability of Antenatal Care Services ..............ccccoeevvvvevieeeeeeiiiciiiennnnn. 33
2.3.2.3 Readiness of Antenatal Care ServiCes................cccuvvevivverieeeeeeesiiirvennnnn 33
2.4 Health Facility Births..........cccooiiiiiiiiiiiiiiie et 34
2.4.1 Demand-Side Factors of Health Facility Birthing ..............cccccovviiiiiiinnnnnii, 34
2.4 0] EQUCAIION. ... 35
2.4.1.2 Husbands /partners’ EAUCALION................cc.ccc.coeeeeeeciiiiiiiieeeeeeeciieeeenn 35
2.4.1.3 Household Wealth................cccccoooiiiiiiiiiiiiiiiie e, 35
2.4 1.4 RESIACIICE. ... 36
204 1.5 PAFILY ..ot 36
2.4.1.6 Antenatal Care VISILS ..........ccccouiiiiiiiiiiiiiie et 37
2.4.1.7 Autonomy in Healthcare Decision-Making................c.c..ccccccoeevveineannnne. 37
2.4.1.8 Age at First Childbirth..............cccccooiiiiiiiiiiiiiiiiiiiiiii e, 38
2.4.2 Supply-Side Factors of Health Facility Births........ccccccooiiiniiinniinnn. 38
2.4.2.1 Geographic Access to an Obstetric Care Facility................ccccccoveeiene. 38
2.4.2.2 Availability of Basic Emergency Obstetric and Newborn Care Services .. 39
2.4.2.3 Readiness of Basic Emergency Obstetric and Newborn Care Services..... 39
2.5 Caesarean DEIIVETY .......ccoiiuiiiiiiiiiiie ettt e e e 40
2.5.1 Demand-Side Factors of Caesarean Delivery.........ccccccevvieiriiiinniiiiniccnnneen. 40
25 00T AGE s 41
2.5 1.2 EAUCALION. ...t 41
2.5.1.3 Husbands’/partners’ EQUCALION. ...................ccccciiiiiiiiiiiiiiiiieeie e, 42
2.5.1.4 Household Wealth.................ccccccooovieeiimiiiiiiiiiiieeeeeeciiieeee e 42
2.5.1.5 RESIACICE. ... 42
2.5 1.6 PAFIEY ..o 43
2.5.1.7 Antenat@l Care VSIS ...........cccccuviiiiiiiiiiiiiiiie et 43
2.5.1.8 Pregnancy CompliCAtions .............cccc.couieuiiieiiiiiieeiiiiiieeeeie e, 43
2.5.2 Supply-Side Factors of Caesarean Delivery ............cccceevviiiiienniiiieiiiiiieeee 44

Xiii



2.5.2.1 Geographic Access to Comprehensive Emergency Obstetric Care

FACIIITIOS ... 44
2.5.2.2 Availability of Comprehensive Emergency Obstetric Care Services......... 44
2.5.2.3 Readiness of Comprehensive Emergency Obstetric Care Services........... 45
2.6 Chapter SUMMATY .......coiiieiiiiieeeiiieeeeeieeeeeeeiie e e e etaeeeeeiabeeeeeetaeeesasnsbeeeeenssseeeens 45
2.7 TRESIS ATIMIS....eeuiiieiiiieeeiiee ettt ettt et ettt et e e sttt e st e e st e e et eesnseesnreeennneeas 46
Chapter 3: The Effect of Geographic Access on Institutional Delivery Care Use in
Low- and Middle-Income Countries: Systematic Review and Meta-Analysis.......... 47
3T METROAS. .t e ettt et e s 49
3101 Search Strate@y ...ccceeeeeieiiiiiieee e e e e e e e e e 49
3.1.2 StUAy SEIECHION ooieeeieiiiiiiiiiie et e e e e e e 49
3.1.3 Inclusion and EXcClusion Criteria..........cceeeeriiiiieiiniiieieiniieee e 49
3.1.4 OUtCOME MEASUIES ......eeeiiiiiiieiiiiiiee ettt ettt e e et e e e aibeee e e 49
3.1.5 Assessment of Risk of Bias .......cc.eeeiiiiiiiiiiiiiiieceecee 50
3.1.6 Data EXTraCtION ..cceovuiiiiiiiiiiiee ittt e e 50
3.1.7 Data ANALYSIS ..vveiieeeeeeiiiiiiiee ettt e e e e e e e e e e e e e e e e nananeeeas 58
3.2 RESUIES ...ttt e e e e e e 58
3.2.1 Assessment of Risk of Bias ........c.eoeiiiiiiiiiiiiiiiiicceeee 60
3.2.2 Effect of Geographic Access on Delivery Care Use .........ccccvvvveeeeeeeecnnnnnnnnnn. 60
3.2.2.1 Access to an Obstetric Care Facility Within 60 Minutes of Walking ........ 60
3.2.2.2 Access to an Obstetric Care Facility Within Five Kilometres .................. 61
3.2.3 Qualitative SYNtRESIS ......uvviiiieeeieiiiiiiiiieee e e et e e e e e e e e e e e e eeeaneeeeas 63
3.3 DISCUSSION .ttt ettt e ettt e e ettt e e ettt e e e aabb b e e e e abbeeeeeanbbteeeannnbeeeeanes 64
3.3.1 Limitations of the STUAY .....ccoeeiieiiiiiiiiiiie e 65
34 CONCIUSION. .....tiiieiiteee ettt e e ettt e e ettt e e e et eeeeaabeeeeenes 65
3.5 Chapter SUMIMATY ........uvviiiieieeiiiiiiiieeee e e e e e e e e e e et reeeeeeeessnnnsaaaaeaaeeeenns 66
Chapter 4: Methods .....ccovveeeeiiieiciiissssnnneriinesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 67
4.1 StUAY SENE ...t e e e e e e et eaeeeeeeeennnes 67
4.2 StUAY DESIZNS....uuiiiiiiiiieee e ettt e e e e ettt e e e e e e e et eeeeeeeesnntarareeaaeeeeanannnns 67
4.2.1 2016 Ethiopia Demographic and Health Survey...........ccccccvveeiiiiiiiiiiiiieeee, 67
4.2.2 2014 Ethiopia Service Provision Assessment Plus............cccccoeevvviiiiiennnnennnn. 68
4.3 Sampling ProCedUIES .........ccouuiiiiiiieie et e e e e e e e e e e e 68
4.3.1 2016 Ethiopia Demographic and Health Survey Sampling Procedure ............ 68
4.3.2 2014 Ethiopia Service Provision Assessment Plus Sampling Procedure......... 69
4.4 Data Collection INSrUMENTS. ........coocuiiiiiiiiiiieeeiiee et 69
4.4.1 2016 Ethiopia Demographic and Health Survey Data Collection Tools.......... 69
4.4.2 2014 Ethiopia Service Provision Assessment Plus Data Collection Tools ...... 70
4.5 Data Collection and Quality CONtrol............cccovuiiriiiiiniiiiniiiiniieenieceec e 71
4.5.1 2016 Ethiopia Demographic and Health Survey Data Quality Control............ 71
4.5.2 2014 Ethiopia Service Provision Assessment Plus Data Quality Control........ 71
4.6 Data Linking Methods ...........coooiiiiiiiiiiiiiiiccece e 72
4.7 Health Service Environment and Measurements..............ceovveeerueeenieeennieennneeens 72
4.8 StatistiCal ANALYSIS...ccceiuiiiieiiiiiie e 72
4.9 Chapter SUMMATY ......coiuiiieeiiiiie e ettt e e ettt e e e eieeee e ettt eeeeseaaeeeessnnaeeeeennsseeesannnneas 73
Chapter 5: Service Environment Link and False Discovery Rate Correction:
Methodological Considerations in Population and Health Facility Surveys............. 74
ST MEEROAS ..t et 76
5.1.1 DA SOUTCES .....eeeeiiiiiiee ittt et e s e e e 76
5.1.1.1 2016 Ethiopia Demographic and Health Survey...............c.c.ccccccccveneunc.n. 76

X1V



5.1.1.2 2014 Ethiopia Service Provision Assessment PIus ...................cccc..cccu..... 76

5.1.2 Data Linking MethodS............coooiiiiiiiiiiiiiieeiiiceeeee e 77
5.1.2.1 Administrative Boundary Link..............c....cccoocuiimmiiiiiaaniiiiieeeiieeeeene 77
5.1.2.2 Euclidean Buffer Link ................cccccoooiiiiiiiaiiiiiieeeiiiie e 78

5.1.3 Health Service Environment and Measurements ..............ccceeceeerneeenneeeennneen. 79

5.1.4 StatiStical ANALYSIS ....uveiiieiiiiieeeiiiiee ettt ettt e et e e et e e e e ee e e streeeeeaes 82
5.1.4.1 Spatial Analysis: Global Moran’s I Statistic..............cccccccoeevevevcnnnennnn... 82
5.1.4.2 Spatial Analysis: Incremental Spatial Autocorrelation ............................ 83
5.1.4.3 Spatial Analysis: Getis-Ord Gi* StAtiStiC..............cccocuveeveiivieeeciereaaennn.. 83
5.1.4.4 Spatial Analysis: False Discovery Rate Correction .................ccccuuun...... 84
5.1.4.5 Multilevel ANGLYSIS...........ccccuvvveiiieiiiiiiiiiiiee e 84

S.1.5 Ethics APPIoval.....ccoociiiiiiiiiiiee ettt e e e e e e 86

5.2 RESUILS .. 86
5.2.1 Administrative Boundary Link v. Euclidean Buffer Link..............cc......cco... 86
5.2.2 False Discovery Rate COrrection ............cceeeeeveiviieieeeeeenriiiiiieeeeeeeessienneeeens 87

5.3 DISCUSSION .utieeeeiiie ettt ettt e e ettt e e ettt e e ettt e e eabaeeeeeanbbeeeeannnbeeeeenes 89

5.4 CONCIUSION. .....tiiiiiiitiee ettt e e ettt e e ettt e e e et eeeenabeeeeenes 92

5.5 Chapter SUMMATY .........uuvviiiiieeeieiiiiieeeee e e e e eeearee e e e e e e e settrreeeeeeeeessnssnsneeaaeeeenns 92

Chapter 6: Spatial variations and associated factors of modern contraceptive use in
Ethiopia: a spatial and multilevel analysis ......cccovveeerieeceisissrrrnneerineccsssssssnnneerseccsssssenns 93

6.1 MEROAS. ....eeieiieee ettt e e 94

6.1.1 Data SOUICES ......eeiiiiiiiiieeiiie ettt ettt e ettt e e e et e e e eabeeeeeeaes 94

6.1.2 Data Linking Method ............oooiiiiiiiiiiiiiiieee e 95

6.1.3 Health Service ENVIrOnment...........ooeiiiiiiiiiiiiiiiiiiiiiieeeiiee e 95

6.1.4 Outcome and Explanatory Variables...........ccccceeeeeiiiiiiiiiiiieeiiiiiieeee e 96
6.1.4.1 Explanatory Variables ................cccccovvueiiiiiiiiiiiiiiiiiiieeeeeeeeciiieeaae e 96
6.1.4.2 Outcome Variable ..................occcciiiiiiiiiiiiiiiiii i 97

6.1.5 Statistical ANALYSIS ...ceeiiiieiiiiiiiee e e e e e e e e e 97
6.1.5.1 Multilevel ANGLYSIS................oooeieeiiiiiiiiiiii e 97
6.1.5.2 Model Fit SIQUISTICS .........cc..ceiiiiiiiiiiiiiiie et 98
0.1.5.3 Spatial ANGLYSIS ...........cccccuvvviiiiieiiiiiiiiie e 98

6.1.6 Patient and Public Involvement ...............ccooiiiiiiiiiiiiiiii e 98

6.2 RESUILS ...ttt ettt e et e e e e e e nnbeea s 99

6.2.1 Sociodemographic CharacteriStiCs ........cuuueeeiruiiieeriiiiieeeriiieeeeiieee e e 99

6.2.2 Women’s Obstetric CharacteriStiCS.......ouvuereerruireeeriiiieeeeiiiieeeeiieee e 101

6.2.3 Health Facility CharacteristiCs ..........ceeivueiiniieiniiieniieeiiieeeieceec e 103

6.2.4 Modern Contraceptive Prevalence Rate ............ccccovvvviiiiiiiiiiiiiiiiiiceeeeees 105

6.2.5 Spatial Epidemiology of Modern Contraceptive Use.........ccceeevriveeeennnenennn. 105

6.2.6 Determinants of Modern Contraceptive Use Among Married Women ......... 106

6.3 DISCUSSION «...eeeiiieeiiiiee ettt et ettt ettt et e st e e st esbaeesbteeenaee 110

6.4 CONCIUSION. .....eiiiiiiiiiiii it sttt s s e e 113

6.5 Chapter SUMMATY ........oiiiiiiiiiiieeiee et e e eee e e e e e e 114

Chapter 7: Antenatal Care Use in Ethiopia: A Spatial and Multilevel Analysis.... 115

Tl MEEROAS . ..ce et 117

T 1.1 DAta SOUTCES ..eeuvieeiiiieiiiee ittt ettt ettt ettt sttt e e 117
7111 Population DAtQ.................cccocouieuuiiiiiiiiiiieeeiieee e 117
7.1.1.2 Health Facility DALQ ................cocccuiiiiiiiiiiieiiiieeeeee e 117

7.1.2 Data Linking Method ..........ccoooiiiiiiiiiiiieeee e 118

7.1.3 Health Service Environment and Measurements ..............ccceoveeernveernneennnne. 118

XV



7.1.4 Statistical ANALYSIS ...c..vviiiiiiiiieeeeiiie ettt e e 119

7.1.4.1 Hierarchical Generalised Linear Model........................ccccoevvvvuunnann.. 119
7.1.4.2 Spatial ANGIYSIS ...........ccooiiiiiiiiiiiee e 121

T2 RESUILS ...ttt ettt e e e ettt e e e eta e e e e e atbeeeeennbaeeeenannes 122
7.2.1 Sociodemographic CharacteriStiCs ........cuvireerrviireeriiiieeeeriiieeeerireeeeesiineeeen 122
7.2.2 Women’s Obstetric CharacteriStiCS.......couurreerruiereeeriiiieeeeriiieeeerireeeeesvneeeens 124
7.2.3 Health Facility CharacteriStiCs ........uuieerrviireeriiiieeeeiiieeeeriieeeeeireeeeeieneeeens 125
7.2.4 Use of ANteNatal Care .........c.eeeeeeeiiiieeiiiiieeeeiieeeeeireeeeeereeeeeiereaeesseneeeens 127
7.2.5 Determinants of Antenatal Care USeC...........coevevviieeriiiieeeniiiieeeeiieee e e 128
7.2.6 Hotspots of Antenatal Care USE.........c..uvvveeeeeeiiiiiiiiiiiieeeeeeeeiiiieeee e 132
7.2.7 Determinants of Spatial Variations in Antenatal Care Use ...........ccccceeeennnnne 133
7.3 DISCUSSION ..uvvviriieeeeeeeiiiiiiteeeeeeeeessattaeeeeeeeeesasnassrreeaeeeeseaansssssaneeaeessssnnnnsssnreees 135
A ) 1 Ted 13 S5 10 o PP 141
7.5 Chapter SUMMATY ......cccuviiiiiiieeee et eee e e e e e et eeeeeeesseeaaeeeeeeeeesnnnnssnneeeens 141

Chapter 8: Giving Birth in Ethiopia: A Spatial and Multilevel Analysis to
Determine Availability and Factors Associated with Healthcare Facility Births... 143

Bl MEROMAS. ..t 144
8. 1.1 DAt SOUICES ....eeeeeiiiiiieeiiiitee ettt e et e e e e e eeee e e 144
8.1.2 Data LINKING ...vvviiiieiieeiiiiiieee ettt e e e e ettt e e e e e e e s atareeeeeeeeesennnnns 145
8.1.3 Health Service Environment............cocccueeiiiiiiiiiiiiiiiieiiiieeeeiece e 145
8.1.4 Statistical ANALYSIS ....ccccuviiiiiiieieeeecieee e e e e e e 146

8.1.4.1 Multilevel ANGLYSIS............cccuvvviiiieieiiiiiiiiiii e 146
8.1.4.2 Spatial ANGIYSIS ...........ccooeeeiiiiiiiieeeeeeecciieee et 147
8.1.5 Patient InVOIVEeMENt......ccoiuiiiiiiiiiiiiii e 147
B L0 FUNAING ... e e e e e e e e tareee e e e e e e e nnnnens 147

8.2 RESUILS ...ttt et e et e e e 148
8.2.1 Sociodemographic CharacteriStiCs ..........uuueeeeeieeeiriiiireeeeeeeeiiirreeeeeeeeeeeennns 148
8.2.2 Women’s Obstetric CharacteristiCs.........uuevruriieeiniiiiieeeiiiieeeeriieeeeeiieee e 148
8.2.3 Health Facility CharacteriStiCS .......cccuuurriiireeeeeiiiiiiiiieeeeeeeeeeiireeeeeeeeeeeeieens 149
8.2.4 Health Facility Birth Rate..........cccooociiiiiiiiiiiiiiee e, 150
8.2.5 Spatial Epidemiology of Health Facility Births.........ccccccoeeeeiiiiiiiiiieiees 150
8.2.6 Determinants of Birth at a Health Facility............cccccceeiiiiiiiiiiiiiiieeeeees 151

8.3 DISCUSSION .uieieeeiiiiee ettt e ettt e e ettt e e e ettt e e e e abe e e e e e nbbeeeaesstaeeeeentaeeeeeaneneeaeas 154
8.3.1 Main FINAINGS ....oeeiiiiiiiiiiiiie ettt et e e 154
8.3.2 Strengths and Limitations ..........cueeieiiiiiiiiiiiiiiiee e 154
8.3.3 INteIPIretationN .. ..eeeiieieeeiiiiiiieee e e e ee ettt e e e e e e e et eeeeeeeeeeeenataaaeeeeeeeeeennnnes 154

8.4 CONCIUSION. ...ttt e et e e ettt e e e ettt e e e entaeeeeennnaeeeeas 157

8.5 Chapter SUMIMATY ......ccooiiiiiiiiiiii ettt st e e 157

Chapter 9: Caesarean Delivery Use in Ethiopia: A Spatial and Hierarchical
Bayesian ANalySiS.....coiieeininneeiiiinnneencissneeecsssneeesssseesesssssaneesssssasessssssasessssssassssssss 158

0.1 MEhOMS. ...ttt et 159

0.1.1 DAt SOUICES ...eeouvviiiiiieeniiieenitee ettt ettt ettt e sttt esabteesbaeesbeeenans 159
9.1.1.1 Population Data.................cccccomiuuiiiiiiiiiiieiiie e, 159
9.1.1.2 Health FaCility DAL ................cccccuiiiiiiiiiiiiiiiiieeeeee e, 160

9.1.2 Data Linking Method ..........cccceiiiiiiiiiiiiiiiiceeeeeee e 160

9.1.3 Health Service Environment and Measurements ............cooceeereuveenniieennneennne 160

9.1.4 Statistical ANALYSIS ....ccouviiiiiiiiiiiieeiiee e 161
9.1.4.1 Bayesian Hierarchical Model........................cccccoovviiiiamiiiiiiianiiinaaannn, 161
9.1.4.2 Spatial ANGLYSIS ..........ccceiiiiiiiiiiiiii et 164

xvi



9.1.5 EthiCs APPIOVAL ....coiiiiiiiiiiiiiieeiiiee ettt 164

0.2 RESUILS ..ttt ettt ettt et e e aaee e 164
9.2.1 Sociodemographic CharacterisStiCs ..........cccuvrreerriiereeeiiieeeeeriiieeeerireeeeeeenens 164
9.2.2 Women’s Obstetric CharacteriStiCS .......eeuruurerrireeriiieeniieesiieesiieeeiieeeieee e 166
9.2.3 Hospital CharaCteriStiCS .......cccuvrieeeriurieeeeiiiiieeeeiiieeeeeiieeeeeirreeeeeereeeeesaenens 167
9.2.4 Caesarean Delivery Rate........cc.coivieiiiiiiiiiiiiiieeiiiee e e 168
9.2.5 Proportion of Hospitals to Population .............ccccceeeeeiiiiiieinniiiieeeiieee e, 169
9.2.6 Spatial Epidemiology of Caesarean Delivery..........ccccccveveeeeiiiiieenrcinieeeennen. 170
9.2.7 Determinants of Caesarean Delivery Use..........ccccvveevviieieeniiiiiieeeniiieeeeeen, 171

0.3 DISCUSSION ...eeeeuiiiieeeeiiitee e ettt e e ettt e e ettt e e ettt e e ettt e e ettt e e e ettt eeeeabaeeeeenannees 173

0.4 CONCIUSION. ...eeeiiiiiiiieiit et e et e et e e et e e e e 178

0.5 Chapter SUMMATY .....cceeiiiiiiiiieeeeeeeeiiiiaeeeeeeeeeeesitrreeeeeeeeeasnenbaeeeeeeesensnnssneeeens 179

Chapter 10: Thesis DiSCUSSION ....ccccevrrrrvrnnerriiecissssssssnnerresssssssssssssssssssssssssssssssssssssssss 180

101 Main FINAINES. ...ceiiiiiiiiiiiiiie e 180

10.2 Strengths and Limitations ...........cccecuviiiiiieeeiiriiiiiieeee e e e e 183

10.3 Future ReSarch ...........cooiiiiiiiiiiiiiie e 183

10.4 Contribution to the Field ..., 184

10.5 Policy and Practice IMplications ............cceeeeeeriiiiiiiiireeeeeeneiiiieeeeee e e e e 185

10,6 CONCIUSION ...ttt ettt e et e e et ee e e 186

RECIENCES...uuuueeeeiiiiiiiiiittnneeittieiiiiinttttteeeeiisisinnteteeeeessssssssssssssessssssssssssssssssssssssssssns 187
APPENUICES coeiieiiiiiiinnnnnnnnnnnsnnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 219

Appendix A: Licence Agreement for Chapters 3 and 5 ..........cccoceviiiiiieieiinccinnnenn. 219
PLOS ONC...ceiiiie ettt ettt e et eentaeeenaeeenneeeens 219

Appendix B: Copyright and permission to reuse for Chapter 6..........cccccceeeeeevnnnnenn.. 222
The BMJ Copyright, open access, and permission to T€USE..........cccvvvvvereeeeeesennnns 222

Appendix C: Licence Agreement for Chapter 7.........ccccvvveieeiieiiiiiiiiiiieee e, 226
BioMed Central Copyright and License Agreement ..........ccccveveeeeeeeeneccennveeeeeeeennn. 226

Appendix D: Licence Agreement for Chapter 8 ...........ccceeeveeiieiiciiiiiiiieeee e, 230
BJOG: An International Journal of Obstetrics and Gynaecology Copyright and

License AQICEMENL.........uviiieeeeeiiiiiiiiiieeeeeeeeeeiitreeeeeeeeeeeeaerrreeeeeeeeesennesnaeeeas 230
Appendix E: Supplementary Material for Chapter 3.........ccccccoevveiiiiiiiieeeeeeieee, 235
Appendix F: Ethiopian Demographic and Health Survey—Household Questionnaire

245

Appendix G: Ethiopian Demographic and Health Survey—Woman’s Questionnaire 260

Appendix H: Ethiopian Service Provision Assessment Survey—Inventory
QUESHIONNAITE .....coeeeeeeeieeeeeeeee e 337

Appendix I: Supplementary Material for Chapter 8............ccoeeciiiiiiiiiiiiiiiiiieeee, 449

Xvil



Figure 1.1:
Figure 1.2:
Figure 1.3:
Figure 3.1:
Figure 3.2:

Figure 3.3:
Figure 3.4:
Figure 3.5:

Figure 5.1:
Figure 5.2:
Figure 5.3:

Figure 5.4:

Figure 6.1:
Figure 6.2:

Figure 7.1:
Figure 7.2:
Figure 7.3:

Figure 7.4:

Figure 8.1:
Figure 8.2:
Figure 9.1:

Figure 9.2:
Figure 9.3:
Figure 9.4:

List of Figures

Conceptual Framework for Assessing Healthcare Access and Utilisation ............ 2
Map of the Regional States and City Administrations of Ethiopia...................... 15
Tiers of the Ethiopian Health System!.............c.ccocooiiiiiiiiieeeceeeeeeeee 17
Systematic Review and Meta-Analysis Flow Diagram............ccccocecvvieeeriininnennnns 59
The Effect of One Hour or Less Travel Time on Delivery Care Use, Effect

Sizes with 95% Confidence Interval...........cccccoiiiiiiiiiiiiiee, 60
Funnel Plot of Access to an Obstetric Care Facility within Travel Time of

ONE HOUT ..o 61
The Effect of Geographic Access within Five Kilometres on Delivery Care

Use, Effect Sizes with 95% Confidence Interval..........ccccooooiiiiiiiiiiiieeiiiiiiiiiinnn. 62
Funnel Plot of Geographic Access to an Obstetric Care Facility Within Five
KIIOMEIIES ettt e e e e 62
[lustration of Administrative Boundary Link ...........ccccciviiiiiniiiiiiiiiiieeeeeees 78
[lustration of Euclidean Buffer Link .............cccooiiiiin 79
Clusters of at Least Four Antenatal Care Visits in Ethiopia without False
Discovery Rate Correction, 2016 .........ceeeeeiiiiiiiiiieeeeeeeciiieeee e e e 88
Clusters of at Least Four Antenatal Care Visits in Ethiopia with False

Discovery Rate Correction, 2016 .........cceeeeiiiiiiiiieeeeeeiciieeeee e e 89
Modern Contraceptive Use among Married Women in Ethiopia, 2016 ............ 105
Clusters of High and Low Modern Contraceptive Prevalence Rates in

Ethiopia, 2016, ..ccc.ueieieiieeiie ettt 106
Antenatal Care Use among Pregnant Women in Ethiopia, 2016....................... 128
Clusters of at Least Four Antenatal Care Visits in Ethiopia, 2016.................... 132
Hot Spots of at Least Four Antenatal Care Visits v. Antenatal Care—Providing
Hospitals in Ethiopia, 2016 ...........ooviiiiiiiiiiiiiiieeeeeeeeeee e 133
Spatial Variations of at Least Four Antenatal Care Visits with Spatially

Varying Coefficients of First Antenatal Care Visit in Ethiopia, 2016............... 135
Health Facility Birthing among Pregnant Women in Ethiopia, 2016................. 150
Clusters of Health Facility Birthing in Ethiopia, 2016.........c.cccccooiiniiiinnnen. 151
Average Distance of the Demographic and Health Survey Clusters to

Caesarean Delivery Providing Hospitals in Ethiopia, 2016 (N =179).............. 168
Caesarean Delivery Use among Pregnant Women in Ethiopia, 2016................ 169
Distribution of Hospitals and Caesarean Delivery Rate in Ethiopia, 2016........ 170
Clusters of High and Low Caesarean Delivery Rates in Ethiopia, 2016 ........... 171

XViii



Table 3.1:
Table 5.1:

Table 5.2:

Table 6.1:

Table 6.2:

Table 6.3:

Table 6.4:

Table 6.5:

Table 7.1:

Table 7.2:

Table 7.3:

Table 7.4:

Table 7.5:

Table 7.6:

Table 8.1:

Table 8.2:

Table 9.1:

Table 9.2:

Table 9.3:

Table E.1:
Table E.2:

List of Tables

Summary of Studies Included in the Systematic Review and Meta-Analysis....... 51

Service Provision Assessment Survey Facilities Linked to Demographic and
Health Survey Clusters by Linking Method, Number and Percentage................ 87

Comparison of Hot Spot Analysis Results with and without False Discovery
RAte COTTECHION ....couviiiiiieiiieiiceiieeit ettt ettt 88

Sociodemographic Characteristics of Married Women in Ethiopia, 2016 (N =
B T3 ) ettt ettt et e e et e et eeeaeeens 100

Obstetric Characteristics of Married Women in Ethiopia, 2016 (N = 8473)....... 102

The Average Distance from Sampled Family Planning Providing Health
Facilities to Demographic and Health Survey Clusters in Ethiopia, 2016 (N =

|02 TSRS 104
Factors Associated with Utilisation of Modern Contraceptives Among Married

Women in Ethiopia (VN =8473) ...t e e 108
Variations in Modern Contraceptive Use in Ethiopia: Random Slope and

Random Intercept Model...........uuviiiiiiiiiiieee e 109
Sociodemographic Characteristics of Pregnant Women in Ethiopia, 2016 (N =

0954) e e et e et e et e et e e et e e e enteeeanaeenn 123

Obstetric Characteristics of Pregnant Women in Ethiopia, 2016 (N = 6954)...... 124

The Average Distance from Sampled Antenatal Care—Providing Health
Facilities to Demographic and Health Survey Clusters in Ethiopia, 2016 (N =

L L ) SRR 126
Health Facilities Service Availability and Readiness Scores Linked to the
Demographic and Health Survey Clusters in Ethiopia, 2016 (N =919)............ 127
Factors Associated with One or More Antenatal Care Visits among Pregnant
Women in Ethiopia (N = 6954) .......coiiiiiiiiiiiiiee e 130
Factors Associated with the Spatial Variations of at Least Four Antenatal Care
Visits in Ethiopia, 2016........cccccuiiiiiiiieieeecee e 134
Obstetric Characteristics of Ethiopian Women of Reproductive Age, 2016 (N
T 0054) et e et et e e et it e e e taeeetaeeeennaeennnes 149
Factors Associated with Health Facility Birthing among Pregnant Women in
Ethiopia (IV=0954) .....ooieiieee et et e e 152
Sociodemographic Characteristics of Ethiopian Women of Reproductive Age,
20160 (N =005 ...t 165
Obstetric Characteristics of Ethiopian Women of Reproductive Age, 2016 (N
0954 ettt e 167
Factors Associated with Caesarean Delivery Use among Pregnant Women in
Ethiopia, 2016 (N ="0954)....ccccttiiiiiiieeiiee et 172
Article Search Strate@y.........coocvviiiiiiiiiiiiiiie e 235
JBI Critical Appraisal Checklist for Studies Reporting Prevalence Data............ 241

XiX



Table E.3: Joanna Briggs Institute critical appraisal checklist for cohort studies................ 244
Table E.4: Joanna Briggs Institute critical appraisal checklist for case—control studies ...... 244

Table I.1: Average Distance and Health Facilities’ Service Availability and Readiness
Scores Linked to the Demographic and Health Survey Clusters in Ethiopia,

2006 (N ZT1T )ittt ettt et ettt e eneeeaee e e e 449
Table 1.2: Sociodemographic Characteristics of Ethiopian Women of Reproductive Age,
2006 (IN=0954) ..cciieee ettt ettt st 450

XX



List of Abbreviations

—2LL Negative two—log likelihood

ANC Antenatal care

ANC4+ Four or more antenatal care visits
BEmONC Basic emergency obstetric and neonatal care
CEmOC Comprehensive emergency obstetric care
CEmONC Comprehensive emergency obstetric and newborn care
CI Confidence interval

CSA Central Statistics Agency

DHS Demographic and Health Survey

EAs Enumeration area

EDHS Ethiopia Demographic and Health Survey
EmOC Emergency obstetric care

EPHI Ethiopian Public Health Institute

ESF Eigenvector spatial filtering

xxi



ESPA+

Ethiopia Service Provision Assessment Plus

FDR False discovery rate

GIS Geographic information systems

Gi* Getis-Ord Gi* statistic

ICC Intra-class correlation coefficient

IPTp Intermittent Preventive Treatment in Pregnancy
IUD Intrauterine device

JBI Joanna Briggs Institute

M-SVC Moran eigenvector spatially varying coefficient
MCMC Markov chain Monte Carlo

Mcpr Modern contraceptive prevalence rate

MCSE Monte Carlo standard error

OR Odds ratio

RE-ESF Random-effects eigenvector spatial filtering
SARA Service Availability and Readiness Assessment

xXxii



SNNPR Southern Nations, Nationalities and Peoples Region
SPA Service Provision Assessment

TFR Total fertility rate

WHO World Health Organization

XXiii





