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Executive Summary 
We performed an analysis of 57 (mostly capital) cities in 54 countries using data available from the 

Demographic and Health Surveys between 2003 and 2013. Using the approach of the Urban Health 

Index(UHI), we computed the UHI using 9 indicators from three domains (environment, women’s 

education, and childhood immunizations) to characterize the urban health of the 57 cities; the majority 

from Africa.  

The city with the highest UHI score was Tirana, Albania and the two with the lowest UHI score were Port 

Au Prince, Haiti and  Monrovia, Liberia. Cities in countries from the European Region had the overall 

highest UHI scores whereas cities in countries from the African Region had the lowest. Despite overall 

lower UHI scores, cities from countries in the African Region presented a wide range of values 

suggesting noteworthy regional variation that deserves more exploration.  

We examined how the city level UHI score was associated with a country’s Gross National Income (GNI) 

and Gini Index. As one might expect, a higher GNI is associated with a higher UHI score. However, more 

importantly, deviations from this trend suggest that some cities are capable of achieving a higher urban 

health score with fewer resources. Conversely, there are cities that have access to substantially more 

financial resources (as suggested by a higher GNI) yet struggle to improve urban health.  

Inequality, when measured as Gini index, presents a slightly more complicated picture. Cities in the 

European Region are achieving a higher urban health score with lower city or country level inequality 

while cities in the Americas Region are still combating high country level income inequality despite 

achieving higher urban health. As might be expected, the variability was great in the African Region 

although some trend suggests that as cities in this region improve UHI score, the Gini index increases 

suggesting an increase in inequality.  

Our work here suggests that in addition to documenting important global or regional trends in urban 

health, deviation from these trends (both positive and negative) are important to identify and 

understand. The influence of national, regional and local policies regarding health and inequality need to 

be more fully explored and documented to identify how deviations from these trends can serve as 

learning tools.  
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1.0 Introduction 

1.1 The World Health Organization Centre for Health Development 
 

As an integral part of the Secretariat of the World Health Organization, the WHO Centre for Health 

Development (also known as the WHO Kobe Centre/WKC) has been conducting research into the health 

consequences of social, economic, environmental and technological change and its implications for 

health policies since 1996. This research enhances WHO’s capacity to address priority health issues that 

require coordinated multidisciplinary and intersectoral action. In recent years, the Centre has been 

focusing on urbanization as one of the key drivers of health outcomes and emphasizing the importance 

of improving health equity in urban settings. 

 

1.2 URBAN HEALTH METRICS RESEARCH AT WKC 
 

Health equity implies that everyone has a fair opportunity to attain their full health potential, and no 

one is disadvantaged from achieving this potential because of their social position or other socially 

determined circumstances; conversely, health inequities refer to health disparities that are systematic, 

socially produced and unfair.1  Urban health metrics research encompasses the development of 

measurements and methods to quantify and monitor the various determinants of urban health, the 

health outcomes and the equity dimension of each. WKC recognizes urban health metrics as a 

prerequisite for developing the evidence base to promote research, policies and programmes that 

address urban health and equity. Specifically, WKC assesses inequities in health determinants and health 

outcomes in urban areas, globally; contributes to the development of urban health indicators; and 

promotes improving the availability of and access to global data on urban health and equity. 

In an effort to promote assessment and monitoring of urban health equity and actions to reduce 

inequities, WHO/WKC developed the Urban Health Equity Assessment and Response Tool (Urban 

HEART) which guides local policy-makers and communities through a process of gathering relevant 

evidence on a set of core indicators and planning efficiently for appropriate actions to tackle health 

inequities. Building upon this work, WKC has been working to develop approaches to measure and 

monitor urban health, particularly summary indicators and indices, to enhance the capacity for 

understanding urban health problems and for guiding appropriate actions.  

 

 

                                                           
1 Whitehead M, Dahlgren G. Concepts and principles for tackling social inequities in health: levelling up part 1. Copenhagen, 
World Health Organization Regional Office for Europe, 2006 
(http://www.euro.who.int/__data/assets/pdf_file/0010/74737/E89383.pdf, accessed 7 September 2010). 
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1.3 THE URBAN HEALTH INDEX 
 

In February 2011, WKC convened a consultation meeting with delegates from around the world with 

expertise in research and policy to review the challenges and opportunities for developing urban health 

metrics and to identify ways of improving urban health metrics for action. One of the background papers 

for this meeting provided a review of indicators and indices relevant to urban health, and an exploration 

of the possibility of developing a unitary, globally comparable urban health index.2  During the 

consultation meeting, this topic was debated extensively. As a result, one of the recommendations from 

this meeting was to “pursue the development of alternative metrics for summarizing and comparing the 

health and health equity status of cities” with specific recommendations on how a globally relevant 

urban health index could be developed as one option.3  

Since then, WKC has taken action on these recommendations to develop a methodology for 

constructing an Urban Health Index (UHI) as a flexible tool for local evaluation of the distribution of 

health indicators and their determinants in collaboration with the Georgia State University (GSU) School 

of Public Health (SPH).  

The UHI methodology has now been developed.4 In addition, a UHI toolkit was developed. The toolkit 

consists of a self-explanatory handbook and Excel-based calculation tool with example data sets that are 

available for free to download from WKC’s website.5  

The UHI has so far been tested with data from Atlanta (USA), Rio de Janeiro and Salvador (Brazil), 

Shanghai (China) and Tokyo (Japan) and is being examined for England to demonstrate diverse patterns 

of intra-urban inequalities in health and its determinants. In addition to the focus on social determinants 

of health, it is also being applied to examine disparities in exposures to environmental threats for two 

areas of Atlanta. Given that it is a standardized methodology, there is great potential to apply it to more 

cities using available datasets.  

In view of the planned production of a follow-up report to “Hidden Cities” in 2015, the WKC Urban 

Health Team worked with GSU SPH to examine inter-city and intra-city comparisons of the Urban 

Health Index (UHI) and their visualization for a selected number of cities around the world (prioritizing 

cities with populations of 10,000,000 inhabitants or more), which could be prominently featured in this 

new report.  

 

                                                           
2
 Rothenberg R, Stauber C,  Crampton J. An urban health and health equity index: problems, pitfalls and potential. Kobe, WHO 

Centre for Health Development, 2011. 
3
 WHO Centre for Health Development. Report of consultation meeting on urban health metrics research. Kobe, WHO Centre 

for Health Development, 2011. 
4
Rothenberg R, Weaver SR, Dai D, Stauber C, Prasad A & Kano M. A flexible Urban Health Index for small area disparities. 

Journal of Urban Health, 2014, doi: 10.1007/s11524-014-9867-6. 
5
 http://www.who.int/kobe_centre/publications/urban_health_index_toolkit/en/ (accessed 3/20/15) 

http://www.who.int/kobe_centre/publications/urban_health_index_toolkit/en/
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2.0   Purpose  
 

Under the guidance of WKC, the project aimed to produce two main data outputs: 

(1) A comparison of UHI values between cities. To the extent possible, the UHI should be 

constructed using indicators relevant to monitoring Universal Health Coverage in order to link to a key 

issue on the global health agenda. Other indicators on health determinants and outcomes should also 

be explored to possibly construct different types of UHI. This analysis will primarily rely on city-level 

Demographic and Health Survey (DHS) data and will not be restricted to megacities, though inclusion of 

megacities is a priority. The results should be visualized using statistical figures/graphs and, where 

possible, maps. Correlations of city-level UHI with country level indicators of income and income 

inequality should also be explored. 

(2) A comparison of UHI values within cities. This will build on (1), above, using mainly DHS data. 

Given the need for geocoded intra-city level data, the availability of indicators to construct the UHI and 

the number of cities that can be included in this analysis may be more limited (megacities to be 

prioritized). The results of this analysis can be presented in the form of UHI distribution plots (the 

inverted S-curve, as depicted by a ranked index plot), disparity statistics (disparity ratio or difference and 

disparity gradient) as well as smoothed, GIS maps of each city showing the intra-city distribution of the 

UHI. 

3.0 Methods 

3.1 Data selection and identification of cities from the Demographic and 

Health Surveys 
The dataset selected was all data made available and collected or released through the Demographic 

and Health Surveys (DHS)6 from 2003 to 2013. Requests for the data were made through the DHS 

website. Whereas data access was granted for all data available, only the most recently available data 

set from the country (collected between 2003 and 2013) was analyzed.  

For each country, a capital city was identified. The datasets were then examined to determine which 

variables or combination of variables in the dataset would enable an extraction of observations from the 

capital city (or capital region) of that country. The WHO Centre for Health Development (WKC) 

performed the initial analysis and examination of the variables that would enable selection of the 

observations from the capital city of the country. In many cases, the variables that described the region 

of residence (a geographic region specific to the country), the type of place of residence (urban or rural) 

and identification of place of residence (capital city, small city, town, or countryside) were used to 

identify the subset of observations that represented the capital of the country. In many locations, the 

identification of place of residence (such as capital city) was not available. If that was not available, then 

                                                           
6
 http://www.dhsprogram.com/ 
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a combination of region and type of place of residence (urban/rural) were used to identify the sample 

for the city. When that was not deemed specific enough, other variables were used to isolate the sample 

for the city. In some examples, sampling strata variables were used to identify the urban capital city of 

the country (see Honduras and Nigeria). In other examples, variables that were unique to the country 

were used such as a variable that identified province (see Dominican Republic). A summary of the 

variables used to identify each country’s capital city is provided in Table 1 and additional details on the 

selection of these variables is provided in Appendix A. Sixty cities in 56 countries were identified and 

information on the sample size for each subsample is provided in Table 1. 
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Table 1: Description of country, year of survey and sample size for cities identified in DHS data from 2003-2013  

Country Year Country Code Selected City 
Household 
Sample Size 

Women Sample 
Size 

Men Sample 
Size 

Children 
Sample Size 

Variables Used to 
Identify City Sample  

Albania 2008 AL Tirana 1366 1142 520 177 V024=4 & V025=1 

Armenia 2010 AM Yerevan 1149 987 283 176 V024=11 & V025=1 

Azerbaijan 2006 AZ Baku 1166 1312 422 201 V024=1 & V025=1 

Bangladesh 2011 BD Dhaka 1322 1345 138 177 
v024=3 & v025=1  

& V023=3 

Benin 2011-12 BJ Cotonou 1913 1949 508 861 V024=8 & V025=1 

Bolivia 2008 BO La Paz 2513 2315 798 694 v024=2 & v025=1 

Burkina Faso 2010 BF Ouagadougou 939 1333 624 480 V024=3 & V025=1 

Burundi 2010 BU Bujumbura 912 1212 722 563 V024=1 & V025=1 

Cambodia 2010 KH Phnom Penh 799 1251 534 302 v024=8 & v025=1 

Cameroon 2011 CM Yaounde 1156 1352 570 573 
V026=1 & V025=1 & 

V024=12 

Chad 2004 TD N’Djamena 1169 1324 549 900 V024=9 & V025=1 

Colombia 2010 CO Bogota 3604 3690 x 781 v024=5 & v025=1 

Comoros 2012 KM Moroni 770 865 394 276 V023=7 & V025=1 

Congo (Brazzaville) 2011-12 CG Brazzaville 1173 1180 584 580 V024=11 & V025=1 

Congo Democratic 
Republic 

2013 CD Kinshasa 1214 1804 762 806 V024=1 & V025=1 

Cote d’Ivoire 2011-12 CI Abidjan 1137 1400 641 515 V024=11& V025=1 

Dominican Republic 2013 DR Santo Domingo 434 343 343 103 sprovin=1 

Ethiopia 2011 ET Addis Ababa 1524 1741 1237 315 V024=14 & V025=1 
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Country Year Country Code Selected City 
Household 
Sample Size 

Women Sample 
Size 

Men Sample 
Size 

Children 
Sample Size 

Variables Used to 
Identify City Sample  

Gabon 2012 GA Libreville 1562 1557 900 650 V024=1 & V025=1 

Ghana 2008 GH Accra 1481 622 528 189 V024=3 & V025=1 

Guinea 2012 GN Conakry 1010 1465 620 609 
V024=2 &V025=1  

& V026=0 

Guyana 2009 GY Georgetown 598 554 394 116 
V024=4 & V026=0 

& V025=1 

Haiti 2012 HT Port-au-Prince 1761 2361 1365 665 v026=0 

Honduras 2011-12 HN Tegucigalpa 1276 1351 345 335 hv022=16 

India 2005 IA New Delhi 3109 3105 1336 935 
v024=7& v025=1  

& V026=0 

India 2005 IA Kolkata 2337 2511 1065 503 
v024=19 & v025=1  

& V026=0 

India 2005 IA Mumbai 4928 5332 5301 1287 
v024=27 & v025=1  

& V026=0 

Indonesia 2012 ID Jakarta 2118 2391 466 614 v024==31 & v025==1 

Jordan 2012 JO Amman 1553 1106 x 661 V023=11 & V025=1 

Kenya 2008-09 KE Nairobi 1108 952 399 322 
V024=1 & V025=1  

& V026=0 

Kyrgyz Republic 2012 KY Bishkek 918 983 234 268 V024=8 & V025=1 

Kyrgyz Republic 2012 KY Osh 737 641 157 198 V024=9 & V025=1 
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Country Year Country Code Selected City 
Household 
Sample Size 

Women Sample 
Size 

Men Sample 
Size 

Children 
Sample Size 

Variables Used to 
Identify City Sample  

Liberia 2013 LB Monrovia 1062 1293 505 512 hv023=21 

Madagascar 2008 MD Antananarivo 1507 1653 741 547 V024=11 & V025=1 

Malawi 2010 MW Lilongwe 432 480 157 243 v026==0 

Maldives 2009 MV Male 944 1041 274 371 V024=1 

Mali 2012-13 ML Bamako 1579 1970 811 1178 V024=9 & V025=1 

Moldova 2005 MB Chisinau 2922 2031 623 285 V024=4 & V025=1 

Morocco 2003-2004 MA Casablanca 1290 1837 x 370 
V024=9 & V025=1  

& v026=0 

Mozambique 2011 MZ Maputo 1297 1724 432 679 V024=11 & V025=1 

Namibia 2013 NM Windhoek 888 1005 423 305 V024=6 & V025=1 

Nepal 2011 NP Kathmandu 509 539 232 110 V023=5 & V025=1 

Niger 2012 NI Niamey 1135 1379 562 799 
V024=8 & V025=1  

& V026=0 

Nigeria 2013 NG Lagos 1729 1482 701 753 HV022=71 & v025=1 

Pakistan 2012 PK Karachi 1290 1184 308 620 
v024=2 & v025=1  

& V026=0 
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Country Year Country Code Selected City 
Household 
Sample Size 

Women Sample 
Size 

Men Sample 
Size 

Children 
Sample Size 

Variables Used to 
Identify City Sample  

Pakistan 2012 PK Islamabad 828 627 193 361 
v024=6 & v025=1  

& V026=0 

Peru 2012 PE Lima 2179 2176 x 492 
v024=15 & v025=1  

& V026=0 

Philippines 2013 PH Manila 1683 2249 x 638 v024=1 & v025=1 

Rwanda 2010 RW Kigali 1269 1618 785 648 V024=1 & V025=1 

Sao Tome and Principe 2008-2009 ST Sao Tome 699 635 440 301 V024 =1 & V025=1 

Senegal 2012-13 SN Dakar 395 549 x 749 V024=1 & V025=1 

Sierra Leone 2013 SL Freetown 1584 2337 1069? 892 V024=4 & V025=1 

Swaziland 2006-2007 SZ Mbabane 426 356 308 127 
V024=1 & V026=0  

& V025=1 

Tajikistan 2012 TJ Dushanbe 1422 1733 x  V024=1 & V025=1 

Tanzania 2010 TZ Dar es Salaam 352 410 100 158 
V024=7 & V025=1   

& V026=0 

Timor-Leste 2009-10 TL Dili 880 1047 351 580 v024=6 & v025=1 

Uganda 2011 UG Kampala 1062 1039 238 474 V024=1 & V025=1 

Ukraine 2007 UA Kyiv 728 339 180 55 V024=1 & V026=0 

Zambia 2007 ZM Lusaka 527 614 583 302 
V024=5 & V026=0  

& V025 = 1 

Zimbabwe 2010-11 ZW Harare 1121 1196 894 445 V024=9 & V025=1 
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3.2 Indicator identification and rationale 
Initially, the work to select indicators was focused on those indicative of Universal Health Coverage. 

With support from WKC, a review of literature on proposed indicators of Universal Health Coverage was 

performed.7,8,9,10,11,12 The list of possible indicators considered were compared to what is available from 

the Demographic and Health Surveys.13 Based on the desire to focus the indicators selection on those 

indicators that would most likely provide information on Universal Health Coverage, the following list of 

indicators was proposed (see Table 2): 

Table 2: Initial list of indicators from DHS to use in an Urban Health Index of Universal Health 

Coverage for city comparison 

Domain Indicator Characteristics 

Child Health Proportion of children 
that have received 
DPT3/pentavalent 
vaccination  

Measure of service coverage; general consensus for use 
as an indicator for UHC, measured by report of mother 
in DHS (although vaccination card is reported).  

Child Health Proportion of  children 1 
year of age that have 
received measles 
vaccination  

Measure of service coverage; general consensus for use 
as an indicator for UHC, measured by report of mother 
in DHS (although they may look for vaccination card). 

Child Health Proportion who provided 
treatment of diarrhoea 
by giving oral rehydration 
therapies to child 

May provide some evidence of utilization of services as 
an indirect measure of coverage; available in DHS.  

Child Health Proportion who sought 
treatment for acute 
respiratory illness 

May provide some evidence of utilization of services as 
an indirect measure of coverage; available in DHS. 

Newborn 
health/Maternal 
Health 

Proportion who received 
antenatal care from 
skilled provider 

Need to clearly define antenatal care; provides evidence 
of service utilization/coverage; available in DHS. 

Newborn 
health/Maternal 

Proportion who delivered 
in a health facility 

Provides evidence of service utilization/coverage; 
available in DHS. 

                                                           
7
 Monitoring progress towards universal health coverage at country and global levels. Geneva: WHO; 2014 

(http://apps.who.int/iris/bitstream/10665/112824/1/WHO_HIS_HIA_14.1_eng.pdf, accessed 7 August, 2014). 
8
 Research for universal health coverage: World health report 2013. Geneva: WHO; 2013 

(http://www.who.int/whr/2013/report/en/, accessed 7 August 2014). 
9
 Measuring and monitoring of universal health coverage: development of M&E guidance. Geneva: WHO; 2013 

(http://www.apcaso.org/v2/wp-content/uploads/2013/06/WHO-Universal-Health-Coverage-Overview-Monitoring-Process-
May13.pdf, accessed 7 August, 2014). 
10

 Universal health coverage: five questions. Geneva: WHO 
(http://www.who.int/health_financing/universal_health_coverage_5_questions.pdf, accessed 7 August, 2014). 
11

 Measuring and monitoring country progress towards universal health coverage. Washington DC: USAID; 2012 
(https://www.hfgproject.org/measuring-monitoring-country-progress-towards-universal-health-coverage/, accessed 7 August, 
2014).  
12

 Haas S, Hatt L, Leegwater A, El-Khoury M & Wong W. Indicators for measuring universal health coverage: a five-country 
analysis (draft). Bethesda, MD: Health Systems 20/20 project, Abt Associates Inc.; 2012 (https://www.hfgproject.org/indicators-
measuring-universal-health-coverage-five-country-analysis-draft/, accessed 7 August, 2014). 
13

 DHS Overview. (http://www.dhsprogram.com/What-We-Do/Survey-Types/DHS.cfm, accessed 7 August, 2014). 
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Health 

Family Planning Family planning needs 
met 

Identifies proportion with knowledge and those using 
contraception.  

Other  Others indicators consider: Water and Sanitation, 
Wealth Index, tobacco use, ITNS, reported health care 
coverage.  

 

Based on these proposed indicators listed in Table 2, datasets from four countries were selected to 

identify appropriate variables to use for the proposed indicators. These countries were Dominican 

Republic (for which at the time of the initial analysis the most recent data set was from DHS V), 

Cambodia, Indonesia and Nigeria (all from DHS VI). Using both the DHS Questionnaire Module and the 

Recode manual, variables associated with each of the proposed indicators were identified and indicators 

were calculated for Jakarta, Indonesia. These results are shown below in Tables 3 and 4. 
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Table 3: Example indicator calculation for Jakarta, Indonesia 

 

 

Domain Indicator Denominator Numerator Missing (response == 9)Proportion

Child Health Proportion of children that received the DPT 3 vaccine 769 534 15 70.82

Child Health Proportion of children that received Polio 3 vaccine 769 565 13 74.74

Child Health Porportion of children who received the measles vaccine 769 543 7 71.26

Child Health Proportion of children who had diarrhea in the preceding two weeks that received "treatment" as defined by parent 104 84 1 81.55

Child Health Proportion of children who had diarrhea in the preceding two weeks that received medical treatment 104 69 1 66.99

Child Health Proportion of children who had diarrhea in the preceding two weeks that received oral rehydration 104 37 1 35.92

Child Health Proportion who had fever and/or cough in the preceding two weeks that received treatment 350 294 7 85.71

Child Health Proportion who had fever and/or cough in the preceding two weeks that received medical treatment 350 253 7 73.76

Maternal Health Proportion of women who had at least one child in the preceding five years that received prenatal care 688 679 5 99.41

Maternal Health Proportion of women who had at least one child in the preceding five years that had (skilled) birth attendance 688 255 9 37.56

Maternal Health Proportion of those women who had a child in the preceding five years that received antenatal care 688 662 6 97.07

Environment Proportion of households with access to "improved water" (as defined by UNICEF/WHO JMP) 2118 622 1 29.38

Environment Proportion of households with piped water into dwelling or yard/plot 2118 312 1 14.74

Environment Proportion of households with access to "improved santiation" as defined by WHO/UNICEF JMP 2118 1698 5 80.36

Environment Proportion of households that are using liquid propane or electricity for cooking 2118 1809 1 85.45

Environment Proportion of households where smoking never occurs 2118 775 1 36.61

Environment Proportion of households that have a mosquito net N/A

Environment Proportion of households with children under five years of age that slept under a bed net the preceding night N/A
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After reviewing the results for Jakarta and then calculating the results for Lagos and Abuja, Nigeria as 

well as Phnom Penh, Cambodia and Distrito National, Dominican Republic, the following issues were 

identified with the proposed indicators (see Table 4). 

1. For child health: If using indicators for diarrhea treatment (also for fever/cough), the prevalence of 

the illness will limit the number of observations. In Jakarta only 104 children had been ill with diarrhea in 

the two weeks (13.5% of all children sampled) preceding the survey and answered the question on 

treatment.  The prevalence of diarrheal disease in the five cities ranged from 4.7% in Abuja to 13.5% in 

Jakarta. In addition, if the strict definition of vaccination coverage is used where only children one year 

of age are included, this dramatically reduces the number of observations to between 15-20% of the 

total observations for children’s sample.  

2. For maternal health: Any measures of prenatal, antenatal care and skilled birth attendance are only 

available for women who had a child within the last five years. In Jakarta, there were a total of 2391 

women sampled but only 688 (29%) responded to questions on prenatal care, birth attendance and 

antenatal care. For the five cities examined, the proportion of women who had given birth in the 5 years 

preceding the survey ranged from 24% in Cambodia to 39% in Abuja.  

3. Based on review of the Corsi et al.’s 2012 paper on DHS,14 it appears that indicators on risk factors for 

noncommunicable diseases such as tobacco and alcohol consumption are not available in all surveys. 

For example, questions about tobacco use are only available beginning with DHS VI and therefore would 

not be available in data sets collected prior to 2008. Data were extracted for individuals and households 

regarding these questions but it was one of the variables that was most frequently absent from country 

level data.  

As a result of these comparisons and initial analysis, indicators that rely on certain conditions that only 

affect a smaller proportion of those interviewed were not recommended. In addition, questions that 

were not available in DHS V, were discontinued in DHS VI, or were specific to certain regions/countries 

(i.e., access to insecticide treated bed nets) were also not recommended for this analysis. 

                                                           
14

 Corsi DJ, Neuman M, Finlay JE, Subramanian SV. Demographic and health surveys: a profile. Int J Epidemiol. 2012;41(6):1602-
13. doi: 10.1093/ije/dys184. 
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Table 4: Summary of initially selected indicators compared across five cities 

2012 2013 2013 2007 2010

Indicator Jakarta Lagos Abuja Distrito Nacional (DR) Phnom Penh

Proportion of children that received the DPT 3 vaccine 70.8 74.1 82.5 68.5 86.4

Proportion of children that received Polio 3 vaccine 74.7 58.5 78.6 65.9 87.5

Porportion of children who received the measles vaccine 71.3 65.6 79.1 67.5 77.8

Proportion of children who had diarrhea in the preceding two weeks that received 

"treatment" as defined by parent 81.6 58.7 91.7 43.5 80.5

Proportion of children who had diarrhea in the preceding two weeks that received medical 

treatment 67.0 66.7 75.0 43.5 58.5

Proportion of children who had diarrhea in the preceding two weeks that received oral 

rehydration 35.9 48.4 83.3 43.5 36.6

Proportion who had fever and/or cough in the preceding two weeks that received 

treatment 85.7 72.2 64.5 66.9 79.4

Proportion who had fever and/or cough in the preceding two weeks that received medical 

treatment 73.8 36.1 38.7 62.8 78.5

Proportion of women who had at least one child in the preceding five years that responded 

to have received any prenatal care 99.4 98.6 98.3 99.4 99.3

Proportion of women who had at least one child in the preceding five years that had 

(skilled) birth attendance by an Obstetrician 37.6 99.2 97.2 100.0 100.0

Proportion of those women who had a child in the preceding five years that received any 

follow up after delivery (not specific four visits, etc) 97.1 98.2 98.3 99.4 99.3

Proportion of households with access to "improved water" (as defined by UNICEF/WHO 

JMP) 29.4 49.0 67.2 14.0  

Proportion of households with piped water into dwelling or yard/plot 14.7 4.9 40.1 14.0  

Proportion of households with access to "improved santiation" as defined by WHO/UNICEF 

JMP 80.4 93.8 96.7 99.0 98.7

Proportion of households that are using liquid propane or electricity for cooking 85.5 96.5 92.0 99.0 75.7

Proportion of households where smoking never occurs 36.6 91.4 91.1  

Proportion of households that have a mosquito net 58.2 31.8  

Proportion of households with children under five years of age that slept under a bed net 

the preceding night 23.1 23.9  
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As a result of the initial exploration into indicators from DHS that could be used as indicators of universal 

health coverage, we proposed a more determinants-focused index. The use of a social determinants-

focused index will provide larger subsamples from the DHS and will reduce the variability of the 

measures when compared across different cities. Another reason for selecting these determinant 

focused indicators is that many are available in other datasets outside of the DHS such as the Brazilian 

census.  

As a result, a second list of indicators was proposed. This list of indicators excluded indicators that would 

be drawn from observations that would restrict to only a subset of the sample. Thus, vaccination of 

children and women’s antenatal care and skilled birth attendance were not included. The indicators 

selected were initially based on three data sets from the DHS: household level data, men’s data and 

women’s data. The indicators selected in this second proposed grouping can be organized into the  

following domains: environment, education, infectious disease risk factors, and chronic disease risk 

factors. Initially, thirteen indicators were extracted from all datasets available. The list of indicators is 

provided in Table 5, along with definitions and sources for each indicator definition (Table 6). As the 

indicators were aggregated into a composite index, the indicators were defined in a way that they were 

all positive/desirable outcomes (e.g. proportion with access to piped water, those who are not smokers, 

not overweight, etc.). 

Different combinations of these were explored to optimize the number and type of indicators as well as 

the number of cities that could be included in the analysis. In the final iteration, which included 9 

variables (we will call it UHI-9), a decision was made to include some form of variable that might be 

indicative of universal health coverage. Child immunization coverage was agreed upon based on 

relevance and availability of data. The definitions for these three variables are also included below in 

tables 5 and 6.  

Table 5: Initial Indicators Selected for Use in the Urban Health Index Comparison of Cities  

Domain Indicator DHS file to use for 
calculation 

Variable (DHS VI)  

Environment Proportion of households with piped water into 
dwelling or yard/plot (on the premises) 

Household Recode (HR) hv201/hv202 

Environment Proportion of households with access to improved 
sanitation as defined by WHO/UNICEF JMP 

Household Recode (HR) hv205 

Environment Proportion of households that are not using solid fuel 
for cooking in the home 

Household Recode (HR) hv226 

Environment Proportion of households that do not have 
environmental tobacco smoke in the home ever 

Household Recode hv252 

Chronic disease risk 
factors (Smoking 
(male)) 

The percentage of males (15-49) who do not smoke 
cigarettes 

Male Recode (MR) mv463a 

Education Proportion of men (15-49) who can read all of a 
phrase on a card 

Male Recode (MR) mv155 
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Domain Indicator DHS file to use for 
calculation 

Variable (DHS VI)  

Education Proportion of men (15-49) who have completed 
secondary education 

Male Recode (MR) mv149 

Chronic disease risk 
factors (Smoking 
(female)) 

The percentage of females (15-49) who do not smoke 
cigarettes 

Individual Recode v463a 

Infectious disease 
risk factors 
(Knowledge of HIV) 

The percent of respondents (women 15-49) who, in 
response to a prompted question, say that people can 
protect themselves from contracting HIV by having sex 
only with one faithful, uninfected partner 

Individual Recode (IR) v754dp 

Infectious disease 
risk factors 
(Knowledge of HIV) 

The percent of respondents (women 15-49) who, in 
response to a prompted question, say that people can 
protect themselves from contracting HIV by using 
condoms  

Individual Recode (IR) v754cp 

Education Proportion of women (15-49) who can read all of a 
phrase on a card 

Individual Recode (IR) v155 

Education Proportion of women (15-49) who have completed 
secondary education 

Individual Recode (IR) v149 

Chronic disease risk 
factor (Body mass 
index) 

Proportion of non-pregnant women (15-49) who have 
a BMI < 30 

Individual Recode v213, v445, v447 

Child health and 
health coverage 

Proportion of children (1-4 years of age) who have 
received all three doses of the DPT vaccine.  

Child Recode (KR) b8, h7 

Child health and 
health coverage 

Proportion of children (1-4 years of age) who have 
received all three doses of the polio vaccine.   

Child Recode (KR) b8, h8 

Child health and 
health coverage 

Proportion of children (1-4 years of age) who have 
received the measles vaccine.  

Child Recode (KR) b8, h9 
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Table 6: Definitions and Sources for Definitions for all Indicators used in UHI Analysis 

Indicator Source/Rationale for definition Numerator Denominator 

Proportion of households 
with piped water into 
dwelling or yard/plot 
 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions

15
 

Proportion of residents who have reported 
access to water piped onto the premises.  
 

Variable hv201: Sum of those who have water piped 
into dwelling (11) or onto premises (12). If high 
proportion drink bottled water (71), then those who 
drink bottled water but respond that the source of 
non-drinking water (hv202) is piped into premises (11) 
or into yard (12) will count.    
If seasonal characteristics for drinking water vary, the 
dry season will be the season used (which would 
mostly matter for other improved sources but less 
likely for piped water).  

Sum of those who had a 
response noted. 
Excludes missing data.  

Proportion of households 
with access to improved 
sanitation 
 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions

16
 

 “An improved sanitation facility is one that likely 
hygienically separates human excreta from 
human contact. Improved sanitation facilities 
include:  
- Flush or pour-flush to piped sewer system, 
septic tank or pit latrine, 
- Ventilated improved pit latrine,  
- Pit latrine with slab and  
- Composting toilet 
 
Unimproved sanitation include:  
- Flush or pour-flush to elsewhere,  
- Pit latrine without slab or open pit,  
- Bucket, hanging toilet or hanging latrine and  
- No facilities or bush or field (open defecation)”  
Shared facilities are not considered improved.  

Variable hv205: Sum of those have flush toilet pipet to 
sewer system (11), flush to septic (12), flush to pit 
latrine (13), ventilated Improved Pit Latrine (21), pit 
latrine with slab (22), composting toilet (41) and 
indicate that the facility is not shared (v225 = 1).  

Sum of those who had a 
response noted. 
Excludes missing data. 

                                                           
15

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=4438 
16

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=9 
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Indicator Source/Rationale for definition Numerator Denominator 

Proportion of households 
not using solid fuels for 
cooking in the home  

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions

17
 

 
As the indicator definition above does not specify 
fuel sources, we will use the following to define 
solid fuel use: the household combustion of 
biomass (such as dung, charcoal, wood, or crop 
residues), or coal.

18
 

Variable hv226: Sum of those who reported using 
electricity (1), LPG (2), Natural gas (3), biogas (4) or 
kerosene (5) or those who do not cook food in the 
home (95).  

Sum of those who had a 
response. Exclude 
missing.  

Proportion of households 
without environmental 
(second hand) tobacco 
smoke exposure 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions

19
 

The WHO Global Health Observatory definition 
uses age specific estimates of exposure to second 
hand smoke, this variable does not include age 
specific estimates and therefore the indicator 
does not suffice.   
 
The definition in the Global Tobacco Surveillance 
System also provides a definition. In these 
guidelines, measuring exposure to second-hand 
smoke is an important measure in the Mpower 
Tobacco free initiative highlighted on page 4  and 
in the definitions section.

20
  

Variable hv252: Those who reported never having 
smoking in the home (0) 

Sum of all who 
responded. Don’t know 
responses are excluded.  

Proportion of men or 
women (15-49) who report 
that they do not smoke 
cigarettes 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions

21
 

 
“The percentage of men aged 15-49 or 15-54 

Variable mv463a pr v463a: Those who report that they 
do not smoke (response = 0) 

Sum of all who 
responded. Don’t know 
responses are excluded. 

                                                           
17

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=4440 
18

 http://www.who.int/quantifying_ehimpacts/publications/9241591358/en/ 
19

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=2266 
20

 http://www.who.int/tobacco/surveillance/en_tfi_tqs.pdf?ua=1 
21

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=4436 
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Indicator Source/Rationale for definition Numerator Denominator 

years that currently smokes cigarettes. Current 
cigarette smoking” includes both daily and non-
daily or occasional cigarette smoking.” 

Proportion of   men or 
women 15-49 that can 
read an entire sentence 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions

22
 

 
The definition provided GHO includes both 
reading and writing ability. However, DHS only 
evaluates ability to read.   
 
In UIS statistics based on such reading tests, only 
persons who can read an entire sentence are 
counted as literate”.

23
 

 
 

Variable mv155 or v155: Sum of those who can read 
all of a sentence (2) 

Sum of all who 
responded. Excludes 
those who are 
blind/visually impaired 
(4) or who didn’t have a 
card in their language (3) 

Proportion of men or 
women (15-49) whose 
highest education level 
completed is secondary or 
higher  

Educational attainment is associated with a 
variety of positive health outcomes. Even the 
definition of literacy is being redefined and many 
are supporting the need to include education 
attainment in a revised definition. As part of the 
MDG, gender disparities in access to secondary 
education were targeted.

24
  

Variable mv149 or v149: Sum of women whose 
highest education level is secondary (2) or higher (3) 

Sum of all responses.  

The percent of 
respondents (women 15-
49) who, in response to a 
prompted question, say 
that people can protect 
themselves from 
contracting HIV by having 
sex only with one faithful, 
uninfected partner 

These definitions are drawn from the HIV/AIDS 
survey indicators data base.

25
  

This indicator is focused on knowledge about HIV 
transmission. (4.1.3) 

Variable 754dp: Those who responded yes. (1). Note 
that those who reported don’t know (response = 8) 
were included as “no” because it tended to be a 
substantial portion of the number of observations.  

Sum of all responses but 
exclude those who are 
missing.  

                                                           
22

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=77 
23

 http://www.uis.unesco.org/Education/Documents/literacy-statistics-trends-1985-2015.pdf 
24

 http://www.un.org/millenniumgoals/gender.shtml 
25

 http://hivdata.measuredhs.com/ind_tbl.cfm 
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Indicator Source/Rationale for definition Numerator Denominator 

The percent of 
respondents (women 15-
49) who, in response to a 
prompted question, say 
that people can protect 
themselves from 
contracting HIV by using 
condoms 

These definitions are drawn from the HIV/AIDS 
survey indicators data base.  
This indicator is focused on knowledge about HIV 
transmission. (4.1.2) 

Variable 754cp: Those who responded yes.  (1) Note 
that those who reported don’t know (response = 8) 
were included as “no” because it tended to be a 
substantial portion of the number of observations. 

Sum of all responses but 
exclude those who are 
missing.  

The percent of non-
pregnant women 15-49 
who are not classified as 
obese (or who have a BMI 
<30) 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions.

26
 

 

Those who were measured, not pregnant and had a 
BMI <30. 

All non-pregnant women 
who were measured.  

The percentage of children 
(1-4) who received three 
doses of DPT vaccine 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions.

27
 

Variable h7: Those children age 1-4 (based on b8 age 
variable) who responded having a vaccine date 
marked on the card, reported by mother, dated on 
card.  

All children 1-4 years of 
age.  

The percentage of children 
(1-4) who received 
measles vaccine 

Primary Source for Indicator Definition:   
WHO Global Health Observatory Indicator 
Definitions.

28
 

Variable h9: Those children age 1-4 (based on b8 age 
variable) who responded having a vaccine date 
marked on the card, reported by mother, dated on 
card.  

All children 1-4 years of 
age.  

The percentage of children 
(1-4) who received three 
doses of polio vaccine 

Primary Source for Indicator Definition:  
WHO Global Health Observatory Indicator 
Definitions.

29
 

Variable h8: Those children age 1-4 (based on b8 age 
variable) who responded having a vaccine date 
marked on the card, reported by mother, dated on 
card. 

 

 

                                                           
26

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=3319 
27

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=4432 
28

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=2 
29

 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=2443 
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3.3 Sensitivity analysis 
Two aspects of the UHI were explored in this analysis: selection of indicators, selection of maximum and 

minimum goalposts for calculating the UHI. (See UHI methodology paper for details about the 

calculation method).30  

The influence of the selection of indicators: 

To determine how selecting a subset of indicators influences the resulting rank of a city, we calculated 

the UHI and other measures such as indicator correlation and disparities ratio for different combinations 

of indicators. We compared these to determine how including or excluding indicators resulted in the 

shift of cities within the ranking.   

The influence of maximum and minimum goalposts:  

To determine the influence of the maximum and minimum goalposts, we compared how two 

designations of the maximum and minimum goal post influenced the ranking of cities within one 

indicator set combination. As currently all indicators are percentages, we set the maximum and 

minimum to 100% and near 0% to examine how this influences the ranking. We also used the sample 

maximum and minimums from all of the cities available to examine maximum and minimums that are 

specific to the sample.  

3.4 Mapping 
Mapping was performed to compare city ranks across the world and intra-urban variability. In addition 

to mapping, other forms of visualization of the results were prepared including graphics and tables and 

figures.  

3.5 Intra-urban comparisons 
An intra-urban comparison was made using the determinants focused index (UHI-11) as well as the 

index which included vaccination coverage (UHI-9). Two cities were compared with this approach and 

additional analysis was performed to examine the variability associated with using a small number of 

observations to perform these calculations. These cities were selected as they represented cities where 

all indicators for UHI-11 were available and GIS data was available.  

  

                                                           
30

Rothenberg R, Weaver SR, Dai D, Stauber C, Prasad A & Kano M. A flexible Urban Health Index for small area disparities. 
Journal of Urban Health, 2014, doi: 10.1007/s11524-014-9867-6. 
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4.0 Results 

 4.1 Data available for intercity comparison 
In the initial analysis, 57 countries were identified that had data available from 2003 to 2013 (although 

some from 2013 were released in 2014). Turkey had data available from 2003 but DHS had limited 

oversight of the data set and therefore these data were not included. Although the countries are listed 

on DHS website, data were not available for Gambia or Laos. In addition, data for Egypt were available 

but were not analyzed since we were unable to select a sample that was representative of the city of 

Cairo. 

When data were available for more than one survey for the country, the most recently available data set 

was used for the analysis. Two data sets were from 2003: Chad and Morocco. The most recent data sets 

(released in 2014) included the Democratic Republic of Congo, the Dominican Republic, Liberia, 

Namibia, Nigeria, the Philippines and Sierra Leone. Data were extracted for 60 cities (including 3 within 

India, 2 within Pakistan and 2 within Kyrgyz Republic).  

Data availability for the 16 separate indicators varied within the surveys. Data from Colombia, Jordan, 

Morocco, Peru, the Philippines, Senegal and Tajikistan did not include any men’s samples. Other notable 

missing data were for exposure to environmental tobacco smoke. This indicator was missing from 27 

surveys. In a couple of instances, main household variables (such as access to improved sanitation) were 

generated from slightly modified definitions as the variable for that country was not collected in exactly 

the same format. The older the survey, the less likely it was to contain all of the indicators selected for 

the analysis.  

4.2 Calculation of UHI for data available 
For this work, we calculated the UHI four separate times. See Table 7 which describes the composition 

of all four versions. In the initial calculation (UHI -11), we selected 11 indicators. These indicators 

represented critical domains of social determinants of health and they also comprised the indicators (of 

the 13 originally examined) with the fewest number of missing observations. They were:  % piped onto 

premises, % with improved sanitation, % without solid fuel use in the home, % of men who do not 

smoke, % of men who completed secondary  education or higher, % of men who were classified as 

literate, % of women who completed secondary education or higher, % of women who were classified as 

literate, % of women who believed that having only one partner can decrease HIV risk, % of women who 

believed that condom use can decrease HIV risk and % of non-pregnant women that were not classified 

as obese.  

In the initial calculation of the UHI, any city where data was missing was excluded. Therefore, a total of 

42 cities were included. The following countries’ capital cities were excluded: Armenia, Azerbaijan, 

Bangladesh, Bolivia, Chad, Colombia, Guinea, Jordan, Kyrgyz Republic, Maldives, Morocco, Peru, the 

Philippines, Senegal, Tajikistan, and the Ukraine. The most common causes for exclusion were lack of 

data for men’s variables, or for measures of literacy.  
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Table 7: Composition of various Urban Health Indices in cities from DHS data 2003-2013 

Version of 
Urban Health 
Index 

Environment  
(Based on household 
sample) 

Women’s education 
and health  
(Based on women’s 
sample) 

Men’s education and 
health  
(Based on men’s 
sample) 

Indicators of health 
coverage and child 
health  
(Based on children’s 
sample) 

UHI-11 1. % piped onto 
premises 
2. % with improved 
sanitation 
3. % without solid fuel 
use in the home 

4. % of women who 
completed secondary 
education or higher 
5. % of women who 
were classified as 
literate 
6. % of women who 
believed that having 
only one partner can 
decrease HIV risk 
7. % of women who 
believed that condom 
use can decrease HIV 
risk 
8. % of non-pregnant 
women that were not 
classified as obese 

9. % of men who do not 
smoke 
10. % of men who 
completed secondary  
education or higher 
11. % of men who were 
classified as literate 

 

UHI-8 1. % piped onto 
premises 
2. % with improved 
sanitation 
3. % without solid fuel 
use in the home 

4. % of women who 
completed secondary 
education or higher 
5. % of women who 
believed that having 
only one partner can 
decrease HIV risk 
6. % of women who 
believed that condom 
use can decrease HIV 
risk 
7. % of non-pregnant 
women that were not 
classified as obese 

8. % of men who 
completed secondary  
education or higher 
 

 

UHI-6 1. % piped onto 
premises 
2. % with improved 
sanitation 
3. % without solid fuel 
use in the home 

4. % of women who 
completed secondary 
education or higher 
5. % of women who 
believed that having 
only one partner can 
decrease HIV risk 
6. % of women who 
believed that condom 
use can decrease HIV 
risk 

  

UHI-9 1. % piped onto 4. % of women who  7. % children 1-4 
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Version of 
Urban Health 
Index 

Environment  
(Based on household 
sample) 

Women’s education 
and health  
(Based on women’s 
sample) 

Men’s education and 
health  
(Based on men’s 
sample) 

Indicators of health 
coverage and child 
health  
(Based on children’s 
sample) 

premises 
2. % with improved 
sanitation 
3. % without solid fuel 
use in the home 

completed secondary 
education or higher 
5. % of women who 
believed that having 
only one partner can 
decrease HIV risk 
6. % of women who 
believed that condom 
use can decrease HIV 
risk 

years of age who 
received three doses 
of the DPT vaccine 
8. % of children 1-4 
years of age who 
received three doses 
of the polio vaccine 
9. % of children 1-4 
years of age who 
received the measles 
vaccine 

 

4.3 UHI Results 

UHI-11  -  Initial analysis using 11 indicators 

The UHI-11 is presented below in tables 8, 9 and figures 1 and 2. As shown in Table 9, correlations 

among the indicators varied. Notably, the indicators focused on chronic disease risk (such as % men who 

do not smoke and % women not obese) were often found to have negative correlations with the other 

indicators. The majority of the other indicators were positively correlated with one another, but the 

correlations were often below 0.50. The indicators that had the highest correlations were men’s and 

women’s educational attainment and literacy, both highly correlated with one another (correlation 

coefficient above 0.85), and the environmental variables were also correlated with one another 

(correlation coefficient above 0.50).
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Table 8: Range of indicator values for comparison of cities using UHI-11 (42 cities included, 11 indicators) 

 % piped 
water 
onto 
premises 

% 
improved 
sanitation 

% not 
using 
solid 
fuels for 
cooking 
in the 
home 

% men 
who 
do not 
smoke 

% men 
who 
completed 
secondary 
or higher 
education 

% men 
who are 
literate 

% women 
who 
completed 
secondary 
or higher 
education 

% women 
who are 
literate 

% women 
who 
believes 
condoms 
prevent 
HIV 

% 
women 
who 
believes 
having 
one 
partner 
prevents 
HIV 

% women not obese 

Mean 54.193 46.520 56.930 79.905 36.128 85.806 30.845 78.882 79.844 87.668 86.631 

Standard 
Deviation 

26.076 24.757 35.316 12.405 15.996 9.532 18.239 14.817 9.771 6.258 6.597 

Minimum 3.200 13.640 4.330 37.040 5.680 61.330 2.520 42.700 51.960 65.650 71.080 

10
th

 
Percentile 

20.000 19.609 9.289 64.691 17.357 74.756 9.455 55.928 67.255 80.280 78.465 

Median 50.540 40.920 59.230 81.450 32.960 87.485 27.130 81.930 80.765 88.660 87.285 

90
th

 
Percentile 

87.300 89.872 98.723 91.864 58.493 96.554 55.749 95.666 92.338 93.894 95.606 

Maximum 94.830 98.980 100.000 95.680 68.910 100.000 70.670 99.750 95.770 96.500 98.250 
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Table 9: Correlations between indicators used in the UHI-11 (42 cities, 11 indicators) 

 % piped 
water 
onto 
premises 

% 
improved 
sanitation 

% not 
using 
solid fuels 
for 
cooking in 
the home 

% men 
who do 
not 
smoke 

% men 
who 
completed 
secondary 
or higher 
education 

% men 
who are 
literate 

% women 
who 
completed 
secondary 
or higher 
education 

% women 
who are 
literate 

% women 
who 
believes 
condoms 
prevent 
HIV 

% women 
who 
believes 
having 
one 
partner 
prevents 
HIV 

% women 
not obese 

% piped 
water onto 
premises 

1.000 0.560 0.605 -0.267 0.148 0.181 0.293 0.312 0.057 0.000 -0.027 

% 
improved 
sanitation 

 1.000 0.608 -0.443 0.462 0.066 0.599 0.313 -0.115 0.160 -0.157 

% not using 
solid fuels 
for cooking 
in the 
home 

  1.000 -0.279 0.441 0.261 0.603 0.463 -0.030 0.079 -0.281 

% men 
who do not 
smoke 

   1.000 -0.262 -0.062 -0.313 -0.170 0.204 0.170 -0.277 

% men 
with 
secondary 
or higher 
education 

    1.000 0.273 0.898 0.358 -0.147 0.070 0.046 

% men 
who are 
literate 

     1.000 0.341 0.864 0.367 0.263 -0.027 

% women 
who 
completed 
secondary 
or higher 
education 

      1.000 0.521 0.032 0.182 -0.155 
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 % piped 
water 
onto 
premises 

% 
improved 
sanitation 

% not 
using 
solid fuels 
for 
cooking in 
the home 

% men 
who do 
not 
smoke 

% men 
who 
completed 
secondary 
or higher 
education 

% men 
who are 
literate 

% women 
who 
completed 
secondary 
or higher 
education 

% women 
who are 
literate 

% women 
who 
believes 
condoms 
prevent 
HIV 

% women 
who 
believes 
having 
one 
partner 
prevents 
HIV 

% women 
not obese 

% women 
who are 
literate 

       1.000 0.324 0.348 -0.138 

% women 
who 
believes 
condoms 
prevent 
HIV 

        1.000 0.549 -0.095 

% women 
who 
believes 
having one 
partner 
prevents 
HIV 

         1.000 -0.277 

% women 
not obese 

          1.000 

 

As shown in Figure 1, the UHI-11 ranges from 0.13 for Bamako, Mali to 0.87 for Tirana, Albania. The mean UHI is 0.47 and the standard deviation 

is 0.18. The ratio for the UHI comparing the mean UHI of highest 10% to the mean of the lowest 10% is 4.0. As shown in Figure 2, the majority of 

the data points are from Africa with limited observations in other parts of the world. Even within Africa there is significant difference across the 

continent and in regions of the continent as is shown in the variability in West Africa.  
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Figure 1: UHI-11 comparing cities from Demographic and Health Survey (42 cities, 11 indicators)
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 Figure 2: Geographic distribution of UHI-11 for Comparison of Cities Data from DHS (42 cities, 11 indicators)  
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Calculation and comparison of additional versions of the UHI:  

In the following versions of the UHI, we removed some indicators and included new ones. In UHI-8 and 

UHI-6, because of the correlation between men’s and women’s educational attainment and literacy, we 

excluded some of these indicators. This allowed us to include a higher number of cities in the 

comparison. In UHI-8, we eliminated men’s smoking, and men’s and women’s literacy. This resulted in 

an index built using 8 indicators with 49 of the 60 cities available for calculation. In UHI-6, we also 

eliminated men’s secondary educational attainment and women’s proportion not obese. Because men’s 

educational attainment was correlated with women’s educational attainment (0.85), we felt 

comfortable removing it. Furthermore, many countries did not sample men at all and therefore 

excluding all of the men’s indicators allowed us to include more countries. We excluded the indicator of 

obesity measured as % of women that were not obese in the sample (a potential risk factor for chronic 

disease) because this variable was missing from some countries. Also as previously mentioned, this 

variable was negatively correlated with all of the other variables (except for men’s secondary 

education).  

The UHI-6 was calculated for 58 of the 60 cities and included the following variables: % piped onto 

premises, % with improved sanitation, % without solid fuel use in the home, % of women who 

completed secondary education or higher, % of women who believed that having only one partner can 

decrease HIV risk, and % of women who believed that condom use can decrease HIV risk. For the 

countries of Chad and Senegal, we were unable to calculate the UHI-6 because they were missing 

multiple indicators.  

Lastly, we developed a final version of the UHI based on guidance from WKC. This last version included 

variables that could be considered tracer indicators of universal health coverage. This version included 

the six variables from UHI-6 as well as three variables that measured childhood vaccination coverage: % 

children 1-4 years of age who received three doses of the DPT vaccine, % of children 1-4 years of age 

who received three doses of the polio vaccine and % of children 1-4 years of age who received the 

measles vaccine and was termed UHI-9. A comparison of the four UHI versions using UHI score and UHI 

rank is provided in Table 10. Note that the UHI based on the various indicator sets were all calculated 

using the sample maximum and minimum as the goalposts. 



35 
 

Table 10: Comparison of UHI score and rank for various indicator combinations31  

Country City UHI-11 
Score 
(42 cities)  

UHI-11 Rank 
(42 cities)  

UHI-8 
Score 
(49 cities)   

 UHI-8 Rank 
(49 cities)  

UHI-6 
Score 
(58 cities)  

UHI-6 
Rank 
(58 cities)  

UHI-9 
Score 
(57 cities)  

UHI-9  Rank 
(57 cities)  

Albania Tirana 0.87 1 0.88 1 0.91 3 0.94 1 

Armenia Yerevan          0.93 2 0.91 2 

Azerbaijan Baku     0.29 41 0.56 22 0.62 19 

Bangladesh Dhaka     0.48 17 0.47 28 0.57 25 

Benin Cotonou 0.44 19 0.4 25 0.39 35 0.42 37 

Bolivia La Paz     0.66 8 0.72 12 0.66 17 

Burkina Faso Ouagadougou  0.23 38 0.36 30 0.38 36 0.49 31 

Burundi Bujumbura 0.42 26 0.31 36 0.31 43 0.44 34 

Cambodia Phnom Penh 0.68 8 0.63 11 0.61 19 0.67 15 

Cameroon Yaounde 0.55 12 0.44 21 0.48 27 0.5 28 

Colombia Bogota         0.79 9 0.79 4 

Comoros Moroni  0.47 17 0.42 22 0.42 34 0.42 36 

Congo Brazzaville 0.33 33 0.23 45 0.19 56 0.23 53 

Congo 
Democratic 
Republic 

Kinshasa 0.5 15 0.39 26 0.32 42 0.42 35 

Cote d’Ivoire Abidjan 0.42 25 0.44 20 0.46 30 0.49 30 

Dominican 
Republic 

Santo Domingo 0.7 7 0.64 9 0.8 8 0.73 11 

Ethiopia Addis Ababa 0.3 37 0.38 27 0.35 38 0.46 32 

Gabon Libreville 0.53 13 0.45 18 0.55 24 0.22 54 

Ghana Accra 0.46 18 0.41 23 0.42 33 0.52 26 

Guinea Conakry      0.29 40 0.25 48 0.25 52 

Guyana Georgetown 0.77 2 0.7 6 0.86 5 0.75 10 

Haiti Port-au-Prince 0.36 32 0.27 42 0.24 50 0.15 57 

                                                           
31

 The Rank of 1 is the city achieving the best score for that construction of the Urban Health Index. 
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Country City UHI-11 
Score 
(42 cities)  

UHI-11 Rank 
(42 cities)  

UHI-8 
Score 
(49 cities)   

 UHI-8 Rank 
(49 cities)  

UHI-6 
Score 
(58 cities)  

UHI-6 
Rank 
(58 cities)  

UHI-9 
Score 
(57 cities)  

UHI-9  Rank 
(57 cities)  

Honduras Tegucigalpa 0.65 9 0.55 14 0.72 11 0.77 5 

India New Delhi 0.61 24 0.6 19 0.63 31 0.6 29 

India Kolkata  0.42 11 0.44 15 0.43 21 0.49 23 

India Mumbai 0.6 10 0.54 12 0.56 18 0.6 22 

Indonesia Jakarta         0.32 41 0.39 40 

Jordan Amman         0.48 26 0.61 21 

Kenya Nairobi 0.76 3 0.71 5 0.73 10 0.7 13 

Kyrgyz Republic Bishkek      0.87 7 0.87 17 0.76 12 

Kyrgyz Republic Osh      0.66 2 0.63 4 0.71 7 

Liberia Monrovia 0.2 40 0.12 49 0.08 58 0.15 56 

Madagascar Antananarivo 0.39 29 0.3 37 0.24 49 0.35 44 

Malawi Lilongwe 0.42 23 0.32 34 0.28 46 0.4 39 

Maldives Male     0.56 13 0.68 15 0.75 9 

Mali Bamako 0.13 42 0.21 47 0.19 55 0.25 51 

Moldova Chisinau 0.75 5 0.75 3 0.82 7 0.85 3 

Morocco Casablanca         0.51 25 0.62 18 

Mozambique Maputo  0.43 21 0.35 31 0.35 37 0.45 33 

Namibia Windhoek 0.7 6 0.63 10 0.71 13 0.61 20 

Nepal Kathmandu 0.75 4 0.71 4 0.69 14 0.75 8 

Niger Niamey  0.19 41 0.23 44 0.23 51 0.32 47 

Nigeria Lagos 0.47 16 0.37 28 0.32 40 0.37 43 

Pakistan Karachi 0.38 31 0.34 39 0.3 45 0.32 46 

Pakistan Islamabad 0.37 30 0.29 32 0.55 23 0.59 24 

Peru Lima         0.83 6 0.76 6 

Philippines Manila         0.17 57 0.29 49 

Rwanda Kigali 0.4 28 0.29 38 0.27 47 0.41  38 

Sao Tome and 
Principe 

Sao Tome 0.22 39 0.13 48 0.21 52 0.31 48 
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Country City UHI-11 
Score 
(42 cities)  

UHI-11 Rank 
(42 cities)  

UHI-8 
Score 
(49 cities)   

 UHI-8 Rank 
(49 cities)  

UHI-6 
Score 
(58 cities)  

UHI-6 
Rank 
(58 cities)  

UHI-9 
Score 
(57 cities)  

UHI-9  Rank 
(57 cities)  

Sierra Leone Freetown 0.31 36 0.24 43 0.19 54 0.27 50 

Swaziland Mbabane 0.43 20 0.31 35 0.67 16 0.69 14 

Tajikistan Dushanbe         0.58 20 0.66 16 

Tanzania Dar es Salaam 0.32 35 0.21 46 0.2 53 0.34 45 

Timor-Leste Dili 0.32 34 0.48 16 0.42 32 0.2 55 

Uganda Kampala 0.42 22 0.33 33 0.3 44 0.37 42 

Ukraine Kyiv         0.94 1     

Zambia Lusaka 0.41 27 0.36 29 0.33 39 0.37 41 

Zimbabwe Harare 0.52 14 0.4 24 0.46 29 0.51 27 
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As shown in Table 10, and visualized in the maps depicting UHI across cities (Figures 2, 4, 5, 6), the cities 

in the European Region often ranked the highest and cities in Sub-Saharan Africa ranked the lowest 

irrespective of the formulation of the UHI.  

All four versions of the UHI were examined using Pearson’s correlation coefficients. They were all very 

highly correlated as shown in Table 11 with the closest correlations between UHI-11 and UHI-8, and 

between UHI-6 and UHI-9. A graph comparing UHI scores for UHI-6 and UHI-9 was made in Excel and is 

shown in Figure 3. As shown in Figure 3, UHI-6 has a very strong linear positive correlation with UHI-9. 

For three cities, (who also drop greatly in rank in Table 10), the UHI-6 is quite a bit higher than UHI-9. 

These cities are readily identified in Figure 3 as Port-au-Prince, Dili and Libreville.  

Table 11: Pearson correlation coefficients* comparing UHI versions comprised of different 

combination of indicators 

UHI Version UHI-11 UHI-8 UHI-6 UHI-9 

UHI-11 1.00 -- -- -- 

UHI-8 0.93 1.00 -- -- 

UHI-6 0.89 0.91 1.00 -- 

UHI-9 0.82 0.82 0.92 1.00 

* Note that correlations were only calculated for all cities that were included in all four indices.  

 

Figure 3: Correlation of UHI scores for UHI-6 and UHI-9 
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In addition to Tables 10, 11 and Figure 3, maps (similar to Figure 2) were generated comparing the cities 

using UHI-8, UHI-6, and UHI-9. They are presented in Figures 4-6. As shown in Figures 4-6 and available 

in Table 10, cities outside of the area of Sub-Saharan Africa tend to have a higher UHI denoting more 

resources focused on social determinants of health. There are some exceptions including Port-au-Prince 

in Haiti and Manila in The Philippines. The biggest shift when comparing the various UHI versions occurs 

for Gabon (Libreville) and Timor-Leste (Dili) comparing UHI-6 and UHI-9. These two cities demonstrated 

a drastic shift, or drop, in their position when the children’s immunization indicators were included (see 

Table 10, and Figures 3, 5 and 6).   

Figure 4: Comparison of Urban Health Index-8 (8 indicators, 49 cities)  
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Figure 5: Comparison of Urban Health Index-6 (6 indicators, 58 cities)  
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Figure 6: Comparison of Urban Health Index-9 (9 indicators, 57 cities) 

 

In an attempt to understand how the various indicator combinations were reflected in the distribution 

of the UHI values across cities, we also compared the UHI statistics (including mean, standard deviation 

and the health disparities ratio) across the four versions of the UHI. As shown in Table 12, the mean, 

standard deviation and health disparities ratio do not vary much between UHI-11, UHI-8 or UHI-6. UHI-6 

has the highest disparities ratio and slope. The reason for this difference could be both a function of the 

number and type of indicators used in the calculation.  
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Table 12: Comparison of UHI statistics across 4 different versions (combinations of indicators) using 

city data extracted from Demographic and Health Survey 

UHI Statistics UHI-11 UHI-8 UHI-6 UHI-9 

Mean 0.467 0.436 0.488 0.513 

Std Dev 0.177 0.185 0.230 0.200 

Median 0.426 0.398 0.459 0.494 

Disparities Ratio 4.009 4.335 5.227 4.137 

Slope 0.585 0.439 0.601 0.516 

 

Comparison of city level Urban Health Index-9 and country level Gross National Product and 

inequality (via Gini index) 

For the next set of analyses, we used Urban Health Index-9 (UHI-9). This index includes the following 

nine indicators: % piped onto premises, % with improved sanitation, % without solid fuel use in the 

home, % of women who completed secondary education or higher, % of women who believed that 

having only one partner can decrease HIV risk, % of women who believed that condom use can decrease 

HIV risk, % children 1-4 years of age who received three doses of the DPT vaccine, % of children 1-4 

years of age who received three doses of the polio vaccine and % of children 1-4 years of age who 

received the measles vaccine.  

To examine how the city level UHI was associated with national level income and income inequality, we 

gathered data for each country on income, income inequality and population of the cities used in our 

analysis. Country level data on gross national income (GNI) per capita based on purchasing power parity 

was taken from the World Bank.32 Country level data for the Gini index was also taken from the World 

Bank.33 City level data for populations were taken from the United Nations with a few exceptions where 

it was not available for the city we analyzed.34 Lastly, city level Gini index scores (for approximately half 

of the cities we analyzed) was taken from the 2010/2011 State of the World’s Cities Report.35 The data 

used for this analysis is provided in Table 13 and presented in Figures 7-10.  

In Figure 8, we graph log-transformed GNI and UHI scores. As shown in the figure, there appears to be a 

log-linear relationship between UHI and GNI where higher GNI is associated with a better urban health 

index score. In addition to the general relationship that is present in this graph, it is also important to 

highlight cities that deviate from that relationship. In the upper left quadrant of the figure (where UHI is 

>0.5 and GNI < $5000), there are a number of cities that appear to be achieving a relatively high UHI 

even though the GNI per capita remains quite low for the country. In the lower right quadrant of this 

figure, (high GNI but low UHI) a number of cities seem have access to fairly high resources but are 

struggling to achieve even an average UHI.  

                                                           
32

 http://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD/countries 
33

 http://data.worldbank.org/indicator/SI.POV.GINI 
34

 https://data.un.org/Data.aspx?q=city+populations&d=POP&f=tableCode%3a240 
35

 http://mirror.unhabitat.org/pmss/listItemDetails.aspx?publicationID=2917 
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Table 13: UHI-9, GNI, Gini and population size 

Country City 
WHO 
Region* 

Pop. 
Year 

Pop. GNI** 
Country 
Gini 

City Gini UHI-9 

Albania Tirana EUR 2011 418495 9950 0.29 0.3 0.939 

Armenia Yerevan EUR 2011 1060138 8180 0.303 0.31 0.915 

Azerbaijan Baku EUR 2012 2136595 16180 0.33 0.38 0.615 

Bangladesh Dhaka SEA 2001 5333571 3190 0.321 0.31 0.572 

Benin Cotonou AFR 2012 779314 1780 0.435   0.42 

Bolivia La Paz AMR 2001 789585 5750 0.466   0.66 

Burkina Faso Ouagadougou AFR 2006 1475223 1680 0.398   0.488 

Burundi Bujumbura AFR 2008 497169 770 0.333 0.47 0.437 

Cambodia Phnom Penh WPR 2012 1502000 2890 0.318 0.37 0.674 

Cameroon Yaounde AFR 2005 1817524 2770 0.407 0.44 0.5 

Colombia Bogota AMR 2005 6763325 11960 0.535 0.61 0.787 

Comoros Moroni AFR 1991 30365 1490 0.643   0.423 

Congo, Dem. Rep. Kinshasa AFR 2012 9046000 740 0.444 0.39 0.419 

Congo, Rep. Brazzaville AFR 1984 596200 4600 0.402 0.45 0.235 

Cote d’Ivoire Abidjan AFR 1988 1929079 3090 0.432 0.5 0.49 

Dominican Republic 
Santo 
Domingo 

AMR 2010 965040 11630 0.457   0.726 

Ethiopia Addis Ababa AFR 2008 3385000 1380 0.336 0.61 0.46 

Gabon Libreville AFR 1993 362386 17230 0.422 0.45 0.224 

Ghana Accra AFR 2000 1658937 3900 0.428 0.5 0.523 

Guinea Conakry AFR 1996 1091500 1160 0.337   0.247 

Guyana Georgetown AMR 2002 134497 6610 0.445   0.752 

Haiti Port-au-Prince AMR 2003 857859 1720 0.592 0.52 0.154 

Honduras Tegucigalpa AMR 2001 765675 4270 0.574   0.769 

India New Delhi SEA 2001 9879172 5350 0.336   0.602 
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Country City 
WHO 
Region* 

Pop. 
Year 

Pop. GNI** 
Country 
Gini 

City Gini UHI-9 

India Kolkata SEA 2001 4572876 5350 0.336   0.494 

India Mumbai SEA 2001 11978450 5350 0.336   0.598 

Indonesia Jakarta SEA 2010 9607787 9270 0.381 0.27 0.393 

Jordan Amman EMR 2004 1055262 11660 0.337 0.39 0.611 

Kenya Nairobi AFR 2009 3133518 2780 0.477 0.59 0.699 

Kyrgyz Republic Bishkek EUR 2012 870663 3080 0.334 0.27 0.763 

Kyrgyz Republic Osh EUR 2012 232258 3080 0.334   0.714 

Liberia Monrovia AFR 1984 421053 790 0.382   0.154 

Madagascar Antananarivo AFR 2004 2812000 1370 0.406   0.345 

Malawi Lilongwe AFR 2008 669021 750 0.462   0.397 

Maldives Male SEA 2012 116618 9900 0.374   0.746 

Mali Bamako AFR 2009 1809000 1540 0.33   0.252 

Moldova Chisinau EUR 2012 669694 5180 0.306 0.37 0.852 

Morocco Casablanca EMR 2014 3360000 7000 0.409 0.52 0.622 

Mozambique Maputo AFR 1997 966837 1100 0.457 0.52 0.449 

Namibia Windhoek AFR 2001 233529 9490 0.613   0.611 

Nepal Kathmandu SEA 2011 1003285 2260 0.328   0.754 

Niger Niamey AFR 2001 707951 890 0.312   0.323 

Nigeria Lagos AFR 1991 5195247 5360 0.43 0.64 0.374 

Pakistan Islamabad EMR 1998 529180 4840 0.296   0.586 

Pakistan Karachi EMR 1998 9339023 4840 0.296   0.319 

Peru Lima AMR 2007 8472935 11160 0.453   0.76 

Philippines Manila WPR 2010 1652171 7840 0.43 0.4 0.29 

Rwanda Kigali AFR 2002 603049 1450 0.508 0.47 0.41 

Sao Tome and Principe Sao Tome AFR 2001 49957 2950 0.339   0.311 

Sierra Leone Freetown AFR 1985 469776 1690 0.354 0.32 0.269 
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Country City 
WHO 
Region* 

Pop. 
Year 

Pop. GNI** 
Country 
Gini 

City Gini UHI-9 

Swaziland Mbabane AFR 1986 38290 6060 0.515   0.686 

Tajikistan Dushanbe EUR 2012 756143 2500 0.308 0.36 0.661 

Tanzania Dar es Salaam AFR 1988 1360850 2430 0.378 0.34 0.344 

Timor-Leste Dili SEA 2010 193563 7670 0.304   0.201 

Uganda Kampala AFR 2002 1208544 1630 0.446 0.47 0.368 

Zambia Lusaka AFR 2010 1747152 3810 0.575   0.37 

Zimbabwe Harare AFR 2012 1485231 1690     0.511 

*AFR=Africa, AMR=Americas, EMR=Eastern Mediterranean, EUR=Europe, SEA=South East Asia, WPR=Western Pacific 

**GNI per capita, purchasing power parity 
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Figure 7: Comparison of UHI-9 across WHO Regions

 

Note: Colour code used to represent WHO Regions: Red=Africa, Blue=Americas, Green=Eastern Mediterranean, Purple=Europe, Orange=South East Asia, Yellow=Western Pacific 
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Figure 8: Comparison of country level GNI and city UHI-9 
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Figure 9: Comparison of country level Gini and city UHI-9 
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Figure 10: Comparison of city level Gini and UHI-9 

 



50 
 

In Figure 7, we plot UHI-9 for the cities for which data were available for analysis across WHO Regions. 

As demonstrated in the figure, the DHS surveys over the last 10 years tend to be concentrated in Africa 

although a smaller number of cities had data available in other regions. Overall, the European Region 

appears to have the highest UHI scores for cities. The Americas tend to have high scores, although Port-

au-Prince is the exception. Among the cities in Africa, Monrovia had the lowest score and Nairobi had 

the highest, demonstrating a wide range for this region.  

In Figure 8, we graph log-transformed country level GNI and UHI score. Each city’s population size is 

demonstrated by the size of the bubble that represents the city. The WHO Regions are indicated by the 

color of the bubble. As shown in the figure, there appears to be a log-linear relationship between UHI-9 

and GNI where higher GNI is associated with a better UHI score. The majority of the cities with low UHI 

and low GNI (lower left quadrant) are from Africa, and the cities with high UHI and high GNI (upper right 

quadrant) are from Europe and the Americas.  

In addition to the general relationship that is present in this graph, it is also important to highlight cities 

that deviate from that relationship. Two areas of the graphic highlight important deviations: those that 

are achieving a higher than average UHI score with a lower than average GNI (where UHI is > 0.5 and 

GNI < $5000) and those that have a lower than average UHI score but have higher than average GNI 

(GNI > $5000 and UHI < 0.5). In the upper left quadrant of Figure 8, we can identify a group of cities that 

fall into this first category: higher than average UHI, low GNI. These include Bishek and Osh, Kyrgyz 

Republic; Kathmandu, Nepal; Dushanbe, Tajikistan; Nairobi, Kenya; and Phnom Penh, Cambodia. Also 

important to note are the three cities from African countries that have a very low GNI (~$750) but have 

a UHI nearing average UHI (~0.4). These cities include Bujumbura, Burundi; Lilongwe, Malawi; and 

Kinshasa, Democratic Republic of Congo. In the lower right quadrant are the cities that have a higher 

GNI and their UHI score is lower than average. Two cities prominent in this group are Dili, Timor Leste 

and Libreville, Gabon. It is important to note that these cities had drastic decreases in their UHI score 

when comparing UHI-6 to UHI-9 (Table 10, Figure 3).  

In Figures 9 and 10, we plot country level Gini and city level Gini, respectively, against the UHI. Country 

and city level Gini coefficients are correlated with a Pearson’s correlation coefficient of 0.63. City 

coefficients tend to be slightly higher than country coefficients. Overall, European cities have a low Gini 

coefficient and a higher than average UHI. Cities in the Americas have a high Gini coefficient and a 

higher than average UHI. There is a relatively broad range across Africa for both country level and city 

level Gini coefficients. It also appears that city level Gini coefficients tend to be higher than country level 

Gini coefficients in Africa. For example, in the country level results, Kenya’s Gini coefficient is close to 0.5 

(Figure 9), yet it is higher in the city level results (Figure 10). In Figure 10, it appears that for cities in 

Europe, as UHI increases, Gini coefficient decreases. This trend does not appear the same for the cities 

in Africa. The trend appears that as UHI increases so does the Gini coefficient.  
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Analysis of modification to UHI-9:  

In an attempt to examine the role of using various variables as indicators that were quite similar and 

possibly weighting the UHI more heavily than intended for UHI-9, we produced three additional indices 

and compared them to UHI-9.  The purpose of the comparison was to determine how different 

weighting either by using the weight function in the toolkit or selecting fewer variables for inclusion 

would impact the UHI. The first approach generated an index using all nine variables but using weights 

for the two HIV variables and the three immunization variables (called UHI-9W).  In this version, the two 

variables reflecting HIV knowledge were weighted equally so that together they would bear the same 

weight but only count as one indicator together in the calculation of the index. The immunization 

variables were weighted the same way so that taken together they had the weight of one indicator.  

UHI-9W therefore consisted of the following variables and weights:   % piped onto premises, % with 

improved sanitation, % without solid fuel use in the home, % of women who completed secondary 

education or higher, (all weighted equally at 1);  % of women who believed that having only one partner 

can decrease HIV risk, % of women who believed that condom use can decrease HIV risk,  (each 

weighted using 0.5) and % children 1-4 years of age who received three doses of the DPT vaccine, % of 

children 1-4 years of age who received three doses of the polio vaccine and % of children 1-4 years of 

age who received the measles vaccine (each weighted using 0.33). 

The other two indices were created using fewer variables to assess how removing variables in duplicate 

areas would affect the ranking. These indices include all environmental variables (access to improved 

water, access to improved sanitation, not using solid fuels), it also included women’s secondary 

educational attainment and then one variable from immunization (DPT3) and one of the HIV variables 

(either belief that condoms can prevent HIV (called UHI-5ver1) or belief that having only one partner can 

prevent HIV (called UHI-5ver2).  

The indices were calculated and the ranks of the cities were compared and are shared in table 14. A 

change in rank was calculated by subtracting the modified index rank from UHI-9 rank. In this table, a 

higher rank indicates a better score so negative value for change in rank indicates an improved score 

and ranking. Highlighted in yellow are ranks that changed more than (+/-) 10.  Few cities changed more 

than ten positions in any comparison. Three cities had substantial improvement in two of the three 

modified indices: Dili, Karachi and Manila. Overall the UHI-9 and UHI-9W were highly correlated 

(correlation coefficient 0.92). In the UHI-9W, Libreville also improved substantially and Jakarta improved 

substantially in UHI-5 ver2 . Overall, for the three comparisons, most cities stayed within 5 spots of 

where they were ranked initially.  We also produced a map ofUHI-9W which is provided in figure 11.  
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Table 14: Comparison of UHI-9, weighting of UHI-9 and reduced versions of UHI to assess the role of similar indicators 

 
Country 

City UHI_9-
Rank 

UHI_9-
weights-

Rank 
Change 
in rank  

UHI_5- 
ver1Rank 

Change in 
rank 

UHI_5 
ver2Rank 

Change in 
rank 

Albania Tirana 57 56 1 56 1 56 1 

Armenia Yerevan  56 57 -1 57 -1 57 -1 

Azerbaijan Baku 39 42 -3 46 -7 37 2 

Bangladesh Dhaka 33 33 0 33 0 32 1 

Benin Cotonou 22 21 1 22 0 22 0 

Bolivia La Paz 41 46 -5 48 -7 45 -4 

Burkina Faso Ouagadougou  27 24 3 24 3 23 4 

Burundi Bujumbura 24 16 8 18 6 16 8 

Cambodia Phnom Penh 43 41 2 39 4 44 -1 

Cameroon Yaoundé 30 31 -1 31 -1 28 2 

Colombia Bogotá 54 53 1 55 -1 51 3 

Comoros Moroni  23 25 -2 26 -3 24 -1 

Congo 
(Brazzaville) 

Brazzaville 
5 3 2 2 3 2 3 

Congo 
Democratic 

Republic 

Kinshasa 

21 19 2 19 2 19 2 

Cote dÍvoire Abidjan 28 30 -2 30 -2 29 -1 

Dominican 
Republic 

Santo 
Domingo 47 50 -3 50 -3 48 -1 

Ethiopia Addis Ababa 26 23 3 25 1 20 6 

Gabon Libreville 4 18 -14 7 -3 7 -3 

Ghana Accra 32 27 5 27 5 25 7 

Guinea Conakry  6 6 0 4 2 4 2 

Guyana Georgetown 49 51 -2 53 -4 50 -1 
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Country 

City UHI_9-
Rank 

UHI_9-
weights-

Rank 
Change 
in rank  

UHI_5- 
ver1Rank 

Change in 
rank 

UHI_5 
ver2Rank 

Change in 
rank 

Haiti 
Port-au-
Prince 1 2 -1 6 -5 6 -5 

Honduras Tegucigalpa 53 48 5 49 4 47 6 

India-Delhi Delhi 36 37 -1 38 -2 34 2 

India-Kolkata Kolkata  29 32 -3 29 0 30 -1 

India - Mumbai Mumbai 35 34 1 37 -2 33 2 

Indonesia Jakarta 18 26 -8 20 -2 31 -13 

Jordan Amman 37 38 -1 35 2 46 -9 

Kenya Nairobi 45 45 0 45 0 43 2 

Kyrgyz Republic 
-Bishek 

Bishkek  

52 55 -3 52 0 54 -2 

Kyrgyz 
Republic- Osh 

Osh  
46 49 -3 43 3 55 -9 

Liberia Monrovia 2 1 1 1 1 1 1 

Madagascar Antananarivo 14 9 5 11 3 10 4 

Malawi Lilongwe 19 13 6 16 3 17 2 

Maldives Male 48 43 5 44 4 42 6 

Mali Bamako 7 5 2 5 2 5 2 

Moldova Chisinau 55 54 1 54 1 53 2 

Morocco Casablanca 40 36 4 34 6 39 1 

Mozambique Maputo  25 22 3 21 4 21 4 

Namibia Windhoek 38 39 -1 40 -2 35 3 

Nepal Kathmandu 50 44 6 47 3 41 9 

Niger Niamey  12 10 2 10 2 11 1 

Nigeria Lagos 17 15 2 17 0 18 -1 

Pakistan- Karachi 11 28 -17 12 -1 40 -29 
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Country 

City UHI_9-
Rank 

UHI_9-
weights-

Rank 
Change 
in rank  

UHI_5- 
ver1Rank 

Change in 
rank 

UHI_5 
ver2Rank 

Change in 
rank 

Karachi 

Pakistan-
Islamabad 

Islamabad 
34 35 -1 36 -2 36 -2 

Peru Lima 51 52 -1 51 0 52 -1 

Philippines Manila 9 20 -11 32 -23 12 -3 

Rwanada Kigali 20 11 9 14 6 13 7 

Sao Tome and 
Principe 

São Tomé 
10 7 3 9 1 9 1 

Sierra Leone Freetown 8 4 4 3 5 3 5 

Swaziland Mbabane 44 40 4 42 2 38 6 

Taijikistan Dushanbe 42 47 -5 41 1 49 -7 

Tanzania Dar es Salaam 13 8 5 8 5 8 5 

Timor-Leste Dili 3 14 -11 23 -20 26 -23 

Uganda Kampala 15 12 3 15 0 14 1 

Zambia Lusaka 16 17 -1 13 3 15 1 

Zimbabwe Harare 31 29 2 28 3 27 4 
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Figure 11: Comparison of Urban Health Index-9 with weighting (9 indicators, 57 cities) 

 

 

  



56 
 

Analysis of UHI within cities 

In an attempt to apply the Urban Health Index to examine disparities within cities using DHS data, we 

selected two cities to explore: Lagos, Nigeria and Tegucigalpa, Honduras. We initially selected these 

cities as they represented different regions of the world, had all indicators of interest and GPS data, and 

had data collected and released within 1-2 years (Nigeria in 2013 and Honduras in 2011-2012). We 

explored how the initial version of the UHI calculated with the 11 indicators (UHI-11) and the final 

version with 9 indicators (UHI-9) varied across the clusters sampled in each city.  

Analysis for Lagos 

For the purposes of this analysis, the clusters for Lagos were identified the same way that the Lagos sub-

sample was selected (see Table 1). Forty clusters were identified within Lagos. Within household 

clusters, the number of observations ranged from 32 to 45 households per cluster. For individual 

women, this number ranged from 13 to 54 observations per cluster; for men it was 3 to 28 observations 

per cluster; and for children it ranged from as few as 4 observations to as many as 41. Proportions were 

calculated for each cluster for each of the 11 indicators and the UHI-11 was calculated. Based on the 

results, two maps were generated as shown in Figure 12 and 13. The mean UHI was 0.35 and the UHI 

Disparities Ratio was 6.45.  

Figure 12: UHI-11 cluster score mapped for Lagos, Nigeria.  
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Figure 13: UHI-11 surface map prediction using kriging for Lagos, Nigeria. 

 

In addition to UHI-11, we also calculated UHI-9 for Lagos, Nigeria. The UHI statistics are presented in 

Table 15 and we mapped the clusters for UHI-9 and presented them in Figure 14.   
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Table 15: UHI-9 statistics for 40 clusters examined within Lagos, Nigeria 

UHI Summary Statistics 

Mean 0.419 

Standard Deviation 0.192 

Minimum 0.021 

10th Percentile 0.190 

Median 0.413 

90th percentile 0.693 

Maximum 0.784 

UHI Disparities and Inequalities 

UHI Health Disparities 
Ratio 7.875 

UHI Health Disparities 
Difference 0.642 

Slope 0.467 

  

Figure 14: UHI-9 cluster scores mapped for Lagos, Nigeria  
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In addition to calculating the UHI-9 score for each cluster and mapping it, we also explored the 

variability of the values for each cluster and the variability produced by surface prediction map. In 

Figures 15 and 16 are two plots demonstrating the mean and 95% confidence intervals for two of the 

indicators that comprised UHI-9. As shown in Figure 15, even clusters with more than 40 observations 

demonstrated fairly wide variability. This variability is much greater for observations where cluster size 

is very small, such as in the childhood immunization measure as shown in Figure 16. As shown in Figure 

16, with small cluster sizes it is impossible to statistically distinguish between high or low vaccination 

coverage.   

Figure 15: Mean proportions and 95% confidence intervals for improved sanitation for clusters of Lagos, 

Nigeria 
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Figure 16: Mean proportions and 95% confidence intervals for DPT3 vaccine coverage for clusters of 

Lagos, Nigeria

 

In addition to examining the variability and uncertainty associated with small observations within 

clusters, we also examined the possible error associated with using clusters to produce a surface map of 

the UHI. The results of this analysis are provided in Figure 17 for Lagos, Nigeria. One of the difficulties 

with using clusters to map the surface of Lagos is that the number of clusters was very low east and 

west of the concentration of clusters. The result is a significant potential for prediction error when 

producing a surface map, as is shown in the red areas of Figure 17.   
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Figure 17: Map of predicted mapping error of UHI-9 for the region of Lagos using the UHI scores and 

geolocations of each cluster for the data

 

Analysis for Tegucigalpa, Honduras 

The clusters for Tegucigalpa, Honduras were identified the same way that the Tegucigalpa sub-sample 

was selected (see Table 1). Seventy-five clusters were identified within Tegucigalpa. Within household 

clusters, the number of observations ranged from 8 to 23 households per cluster. For individual women, 

this number ranged from 3 to 28 observations per cluster and for men it was 1 to 9 observations per 

cluster. For children’s observations, there were four clusters that did not have any children’s 

observations and had to be excluded from the UHI-9 calculation. The UHI-11 was calculated and two 

maps were generated as shown in Figures 18 and 19. The mean UHI was 0.513 and the UHI Disparities 

Ratio was 4.285. 
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Figure 18: UHI-11 cluster score mapped for Tegucigalpa, Honduras
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Figure 19: UHI-11 surface map prediction using kriging for Tegucigalpa, Honduras 

 

In addition, UHI-9 was calculated for Tegucigalpa. The results of the UHI are presented in Table 16 and 

Figures 20 and 21. Note that only 71 of the 75 clusters were available for analysis as 4 did not have any 

children between 1-5 years of age. As shown in Table 16, the health disparities ratio was slightly lower 

for UHI-9 compared to UHI-11. In Figure 20, the clusters in Tegucigalpa are more concentrated, however 

they are comprised of fewer observations than the data from Lagos. In addition, in the analysis 

presented in Figure 21, there is still a significant amount of error when attempting to predict the surface 

using the clusters.   
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Table 16: UHI-9  statistics for clusters within Tegucigalpa, Honduras  

UHI Summary Statistics 

Mean 0.616 

Standard Deviation 0.186 

Minimum 0.144 

10th Percentile 0.348 

Median 0.630 

90th percentile 0.851 

Maximum 0.916 

UHI Disparities and Inequalities 

UHI Health Disparities 
Ratio 3.269 

UHI Health Disparities 
Difference 0.618 

Slope 0.462 
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Figure 20: UHI-9 cluster score mapped for Tegucigalpa, Honduras 
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Figure 21: UHI-9 surface map prediction using kriging for Tegucigalpa, Honduras with prediction error 

indicated. 

  

In a qualitative comparison of Lagos and Tegucigalpa, there appears to be a higher overall UHI for 

Tegucigalpa and a higher level of disparity for Lagos. However, as mentioned, there is a lot of variability 

due to the relatively small number of clusters and the relatively small number of observations for 

various indicators in some clusters.  

Analysis of selection of maximum and minimum 

As mentioned in the methods and results section, all of the analysis completed so far used the sample 

minimum and maximum as the lower and upper goal posts, respectively, to calculate the various 

versions of the UHI discussed (UHI-11, UHI-8, UHI-6, UHI-9). However, other maximum and minimum 
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goal posts can be examined to determine the impact on the ranking. To initiate this, we imposed a lower 

goalpost of 0.1% for all indicators in UHI-9 and an upper goalpost of 100.1%. We compared the UHI 

scores and rank and the results are provided in Table 17 and Figure 22. For ease of comparison in this 

exercise, unlike in Table 11, a higher rank suggests a higher UHI and therefore a negative change in rank 

is reflective of an improved rank. As highlighted in Table 17 and Figure 22, for the majority of the cities, 

the rank does not change very much. However for five cities, the rank shifts drastically up when lower 

and upper goal posts are set at 0.1 and 100.1%. These five cities are highlighted on Figure 22. For 

Bujumbura, the rank decreases by 10.  

Table 17: Examination of the impact of varying minimum and maximum goalposts on UHI-9 ranking  

Country City 
UHI-9 Rank 

Using  Sample 
Min/Max 

UHI-9 
Percentile 

Using Sample 
Min/Max 

UHI-9 Rank 
Using  

Modified 
Min/Max 

UHI-9 
Percentile 

Using Modified 
Min/Max 

Change 
in Rank 

Albania Tirana 57 1 56 0.982 1 

Armenia Yerevan  56 0.982 57 1 -1 

Azerbaijan Baku 39 0.678 42 0.732 -3 

Bangladesh Dhaka 33 0.571 31 0.535 2 

Benin Cotonou 22 0.375 17 0.285 5 

Bolivia La Paz 41 0.714 45 0.785 -4 

Burkina Faso Ouagadougou  27 0.464 21 0.357 6 

Burundi Bujumbura 24 0.41 14 0.232 10 

Cambodia Phnom Penh 43 0.75 40 0.696 3 

Cameroon Yaoundé 30 0.517 25 0.428 5 

Colombia Bogotá 54 0.946 51 0.892 3 

Comoros Moroni  23 0.392 23 0.392 0 

Congo Brazzaville 5 0.071 9 0.142 -4 

Congo 
Democratic 
Republic 

Kinshasa 21 0.357 20 0.339 1 

Cote dÍvoire Abidjan 28 0.482 27 0.464 1 

Dominican 
Republic 

Santo Domingo 47 0.821 47 0.821 0 

Ethiopia Addis Ababa 26 0.446 24 0.41 2 

Gabon Libreville 4 0.053 22 0.375 -18 

Ghana Accra 32 0.553 26 0.446 6 

Guinea Conakry  6 0.089 5 0.071 1 

Guyana Georgetown 49 0.857 50 0.875 -1 

Haiti Port-au-Prince 1 0 3 0.035 -2 

Honduras Tegucigalpa 53 0.928 48 0.839 5 

India-New Delhi New Delhi 36 0.625 35 0.607 1 

India-Kolkata Kolkata  29 0.5 29 0.5 0 

India-Mumbai Mumbai 35 0.607 33 0.571 2 
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Country City 
UHI-9 Rank 

Using  Sample 
Min/Max 

UHI-9 
Percentile 

Using Sample 
Min/Max 

UHI-9 Rank 
Using  

Modified 
Min/Max 

UHI-9 
Percentile 

Using Modified 
Min/Max 

Change 
in Rank 

Indonesia Jakarta 18 0.303 30 0.517 -12 

Jordan Amman 37 0.642 43 0.75 -6 

Kenya Nairobi 45 0.785 41 0.714 4 

Kyrgyz Republic 
–Bishek 

Bishkek  52 0.91 53 0.928 -1 

Kyrgyz 
Republic- Osh 

Osh  46 0.803 54 0.946 -8 

Liberia Monrovia 2 0.017 1 0 1 

Madagascar Antananarivo 14 0.232 8 0.125 6 

Malawi Lilongwe 19 0.321 13 0.214 6 

Maldives Male 48 0.839 44 0.767 4 

Mali Bamako 7 0.107 2 0.017 5 

Moldova Chisinau 55 0.964 55 0.964 0 

Morocco Casablanca 40 0.696 38 0.66 2 

Mozambique Maputo  25 0.428 19 0.321 6 

Namibia Windhoek 38 0.66 36 0.625 2 

Nepal Kathmandu 50 0.875 46 0.803 4 

Niger Niamey  12 0.196 7 0.107 5 

Nigeria Lagos 17 0.285 16 0.267 1 

Pakistan-
Karachi 

Karachi 11 0.178 39 0.678 -28 

Pakistan-
Islamabad 

Islamabad 34 0.589 34 0.589 0 

Peru Lima 51 0.892 52 0.91 -1 

Philippines Manila 9 0.142 32 0.553 -23 

Rwanada Kigali 20 0.339 12 0.196 8 

Sao Tome and 
Principe 

São Tomé 10 0.16 10 0.16 0 

Sierra Leone Freetown 8 0.125 4 0.053 4 

Swaziland Mbabane 44 0.767 37 0.642 7 

Tajikistan Dushanbe 42 0.732 49 0.857 -7 

Tanzania Dar es Salaam 13 0.214 6 0.089 7 

Timor-Leste Dili 3 0.035 18 0.303 -15 

Uganda Kampala 15 0.25 11 0.178 4 

Zambia Lusaka 16 0.267 15 0.25 1 

Zimbabwe Harare 31 0.535 28 0.482 3 
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Figure 22: Comparison of UHI-9 score based on modified upper and lower goal posts to UHI-score based 

on sample-based upper and lower goal posts  
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5.0 Discussion and Conclusions 
 

In our analysis of city level UHI, we identify cities in the African Region as those with the lowest UHI 

scores, followed by those in the Western Pacific and Southeast Asia, the Americas and the European 

Region. This is perhaps not surprising as the cities in the African Region typically have the lowest GNI 

and may still be struggling to achieve coverage of the 9 indicators (i.e. UHI-9) we examined. It is 

reasonable to assume that as countries and their cities (principally their capital cities) develop 

economically, they begin to allocate more resources to improve coverage of service such as water and 

sanitation and access to health services and education. This trend is evident in our analysis of log-linear 

GNI and UHI scores. As GNI increases, so does the score in the Urban Health Index. However, there are 

important positive and negative deviations from this trend that deserve consideration.   

As shown in the bag plot in Figure 23 (and discussed earlier regarding Figure 8), six cities have lower 

than mean GNI while achieving a high UHI score (>0.6). These cities have demonstrated that they are 

capable of providing high service coverage while combating a lower gross domestic product. 

Importantly, they are not all isolated to one region of the world but are from Africa (Nairobi), Europe 

(Bishkek, Dushanbe, Osh), South East Asia (Kathmandu) and the Western Pacific (Phnom Penh). 

Tegucigalpa is also highlighted as a city from the Americas that is achieving a relatively high UHI even 

though the country (Honduras) has a low GNI. As resilient deviations from the general trend, these cities 

deserve more contemplation and consideration. The country or regional programs that may be 

influencing these results should be considered. Furthermore, it is important to examine how these 

programs or policies can be studied and possibly used as learning tools for other nations or even regions 

within countries.   

In addition to the examples of positive deviation from the trend, there is also a need to examine 

negative deviation from the trend. As shown in Figure 8 and 23, Dili, Libreville, Manila and Jakarta have 

relatively low UHI score while their country level GNI is average or much higher than average. These 

cities also represent multiple regions. Further exploration of both the historical and current politics and 

policies and their influence on these cities could help to improve the health in these cities.  

Our analysis of country level Gini index and city level UHI provided interesting results but the trends 

were not as clear. Some have hypothesized that there is an inverse U relationship between economic 

development (as measured by GNI) and Gini index.36 The hypothesis is that as a country’s economy 

shifts from one principally based on agriculture to a more urbanized economy, growth is rapid and 

income inequality increases. After that transition, more resources are dedicated to social protection and 

provided to enhance things such as education, and the income inequality tends to decrease. In our 

                                                           
36

Note that this concept does not originate in this document but the discussion in the document is very relevant to 

the work discussed here. http://www.un.org/esa/socdev/documents/reports/InequalityMatters.pdf  

 

http://www.un.org/esa/socdev/documents/reports/InequalityMatters.pdf
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analysis of Gini index and UHI score, we see some trends to suggest that as a country’s GNI increases, so 

does its UHI and also its Gini index. The Americas have long been documented to have a very high 

income inequality and we see this in Figure 9 as well. However, the Americas have also reached 

relatively high GNI (as compared to the cities in the European region of our analysis). This suggests that 

deviations from this trend deserve discussion. As suggested elsewhere, 37 countries (and perhaps cities in 

these countries) have been able to provide a substantial reduction in income inequality by providing 

more resources for educational attainment. Specifically, countries that ensure universal provision of 

basic amenities (e.g. water and sanitation, health services, education) are more likely to reduce the 

poverty gap. Furthermore, it is argued that these can be achieved by using a relatively small amount of 

country GDP even in resource constrained environments. Further examination of these outliers could 

provide additional insight into policies that are impacting urban health more effectively in some settings 

than in others.   

Figure 23: Analysis of deviation from trend for GNI and UHI for 57 cities 

 

 

In our approach, we have identified a number of key methodological features of our analysis that should 

be mentioned. First, as presented in Table 10 and Figures 4-6, the selection of various sets of indicators 

did not produce drastically different results, with few exceptions. The UHI approach uses compound 

statistics and therefore certain combinations of changes in the indicator content of the UHI may 

produce drastic changes in a small number of areas, as is the case here with a few cities. This has been 

                                                           
37

Note that this concept does not originate in this document but the discussion in the document is very relevant to 

the work discussed here. http://www.un.org/esa/socdev/documents/reports/InequalityMatters.pdf  

 

http://www.un.org/esa/socdev/documents/reports/InequalityMatters.pdf
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the empirical experience in several different contexts in which the UHI has been calculated. We suggest 

that these changes are structural, and that in general, shifts in indicator content will not have a major 

effect on most areas. The problem is probably compounded by small numbers in some cases, and by 

outlier correlations between variables in others. As highlighted briefly, the selection of the minimum 

and maximum goal posts for the analysis does alter the rank. This is most likely to occur for cities where 

one or more (but not all) indicators had a value at or near the minimum (as is the case with Dili and 

Libreville). This can be explored in more detail, although in some initial analysis, it does not drastically 

change the overall conclusions of the work.  

Lastly, there are a variety of limitations to our analysis of the UHI using DHS data. First, while we initially 

hoped to examine intra-city variability using geocoded data from DHS, this has proved problematic. 

Variability due to small numbers of observations per cluster and few clusters per city has highlighted the 

challenges with this approach for intra-city comparisons, even though such comparisons are an 

important purpose to which the UHI and related measures can be put. Additional exploration of more 

suitable data sources is warranted as the analysis is likely to reveal both drastic within-city and within-

region differences (as possibly demonstrated by our analysis of Tegucigalpa and Lagos), but also could 

allow for a deeper understanding of this variability within cities.  

Conclusions 

1. The UHI is a flexible measure that can examine a variety of direct indicators, social determinants, and 

demographic measures in conjunction with other data (e.g., GNI, Gini) and lends itself well to 

visualization. 

2.  The data presented here are mostly at the city level but a similar analysis for a sub-city level might be 

of greater value to local planners and administrators, who could use such information to identify “hot 

spots” and prioritize areas for remediation. 

3.  When visualized in conjunction with measures of income or income disparity, the UHI identifies 

countries that appear to be making better use of limited resources (high UHI with low GNI and Gini) and 

countries with better resources whose problem in health and health disparities persist (low UHI with 

higher GNI and Gini). 

4. Some revisions in the cluster sampling methods used by DHS or similar surveys would provide much 

improved data sources for this type of city-level analysis, and especially for intra-city analysis. 
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6.0 Appendices 

Appendix A – Determining city sample selection conditions 

 
The DHS datasets include an urban/rural stratifier variable. However, for this project, which focused on 
inter-city comparisons, it was necessary to identify city samples, and not just the urban samples within a 
country. For each capital city, the DHS reports a sample size. However, the capital city is reported as an 
area which can contain both urban and rural areas. Therefore, an effort was made to specifically identify 
the urban samples within a capital city, or rather, to extract the city sample from broader urban samples. 
This was primarily done by cross-tabulating three variables available in the datasets: Region (v024), Type 
of Place of Residence (v025) and Place of Residence (v026)(Table A1). Other variables were also used, as 
necessary and available, to specify the urban sample of a capital city. Analysis was performed using Stata. 
 
Table A1. Variable codes in the DHS used to identify the urban sample from a capital city in each 
sample dataset  

Sample Region Type of Place of 
residence 
(urban/rural) 

(De facto) Place of 
residence (capital/small 
city/town/countryside) 

Household hv024 hv025 hv026 

Individual (female) v024 v025 v026 

Men mv024 mv025 mv026 

Children v024 v025 v026 

 
Table 1 in the main report, show which combination of variables were used to find the city sample sizes 
for each country. The focus was on capital cities, in some cases, additional major cities were also 
identified and included in the analysis, when possible (e.g. Delhi, Kolkata, and Mumbai in India). While 
the best attempt was made to uniformly extract the urban city samples across all the countries, this was 
not possible as the country datasets varied in terms of the availability and coding of the place-related 
variables. 
 
To illustrate how the samples were extracted, in the case of Indonesia, the “urban” (v025==1) areas 
within the region of “Jakarta” (v024==31) is assumed to be the sample size for the urban areas of the 
national capital of Jakarta (Table 1). In the case of India, the “capital” (v026=0) area within the “urban” 
(v025=1) parts of the regions of “New Delhi” (v024=7) and “Maharashtra” (v024=27) are assumed to be 
the urban sample sizes for the national capital of New Delhi and the state capital of Mumbai, 
respectively.  

In several countries, variable v026 was not available, so the sample selection depended on v024 and 
v025. For three countries, Jordan, Comoros, and Nigeria, it was not possible to identify the urban city 
sample using v024 and v025 because the regions were divided into very large geographic areas which 
potentially included many cities (e.g. Central, North and South regions). Thus, in addition, the variable 
v023, which is “stratification used in sample design”, was used for Jordan and Comoros, and v022, which 
is “sample strata for sampling error”, was used for Nigeria (Table A3). Both v022 and v023 contained a 
regional breakdown which always included the capital city as a region of its own.  
 
For example, for Nigeria, the “sample strata for sampling error” for “SW Lagos Urban” (v022=71) within 
the “urban” (v025=1) area was assumed to be the urban sample for the capital of Lagos. In addition, 
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v024 was examined to verify the region in which Lagos was located (i.e. Southwest). For Jordan, the 
“stratification used in sample design” gave specific regions, including Amman (v023=11), which was 
assumed to be the urban sample for this capital city.  
 
For Laos and Gambia, the project was not granted access to the DHS data collecting during the study 
period. The dataset for Egypt contained geographic regions that did not specifically label where the 
capital city was within those regions. Thus, these countries and their cities were excluded from the 
analysis.  
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