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Introduction

The MEASURE DHS project collects nationally repre-

sentative data on health and population. Typically,

multiple surveys have been conducted for each country.

To date (October 2013), the DHS website provides data

from over 300 surveys conducted in more than 90 coun-

tries. This makes the DHS a very interesting data source.

Needless to say, MDHS data have been used in a wide

variety of studies (Van Malderen et al. 2013; Van de Poel

and Speybroeck 2009; Masanja et al. 2008). The MEA-

SURE DHS project maintains a database of survey-based

publications.1

Analysing DHS data can be complicated because of the

format in which the data are made available. The data for

each survey are provided as a number of dataset types

with records for different units of analysis such as

households, household members, women or children. The

same variables are often already included in different

dataset types to avoid having to merge them before ana-

lysis. For example, most variables for household

characteristics are included in the women, men, and

children dataset types. In spite of this, there are instances

when researchers have to merge different dataset types to

obtain a data set including all required variables ready for

analysis.

This paper is aimed at lowering the barrier to using the

DHS by researchers. As illustration we will use the

inequality in child mortality and access to medical care

among households with different wealth levels. We

investigate whether or not, in the DR of the Congo, poorer

households (1) live further away from a health facility and

(2) have a higher child mortality rate. Using this example,

we show how the open source software R can be used to

perform the following tasks:

• Load DHS data and extract variables

• Merge data from different files

• Analyse the data using the survey package

While we use an example on health inequality and child

mortality, it should be noted that exactly the same proce-

dure can be used to analyse the DHS data on HIV, malaria

or any other topic the DHS collects data on.

We assume a basic knowledge of R for which good

tutorials are available online.2 Furthermore, many intro-

ductory books, including on using R to analyse survey data,

e.g. Lumley (2011), can be found.3
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Getting the data

Downloading the data

An overview of available surveys can be found on the DHS

website.4 The DHS website also contains instructions on

how to obtain access to the data.5 The supplementary

material of this paper contains a step-by-step tutorial on

downloading and organising the data such that the example

code can be run. The supporting material also shows how

to install three R packages required for running the

example code. The data for this paper were downloaded

from the DHS website in February 2013.

Identifying variables for analysis

The variables needed to answer the questions outlined in

‘‘Introduction’’ can be looked up in the DHS recode

manual which can be found online.6 The list of available

datasets indicates for each survey which version of the

recode manual should be used. For the Congo Democratic

Republic Demographic and Health Survey 2007, this is

recode manual DHS-V. Some country-specific variables

are not listed in the recode manuals and can only be found

in the DHS report accompanying the data. More informa-

tion about these variables can be found in the supporting

material of this paper.

The children dataset type lists all births to interviewed

women in the 5 years preceding the survey. The data

contain a variable B5 indicating whether the child was

alive at the time of the survey. Both the child and house-

hold dataset types contain a variable V190 listing the

wealth quintile of the household. However, the time to get

to the nearest health facility in minutes, variable SH108A,

is only available in the household dataset type. Therefore,

we need to merge the household dataset with the children

dataset. Merging data is done by constructing a new vari-

able in both datasets which allows to merge the data for the

correct household to the record for each child.

Loading and merging data

The first step in creating the appropriate data format is to

load the data files and select the required variables. For

the purpose of this article, a function read.file() is

provided (see lines 5–20 in Listing 1) to read a data file and

select the number of variables.

The supporting material contains a table showing how

matching variables can be constructed from the variables in

each dataset type. From this table, we read that the

matching variables can be created by concatenating V001

& V002 in the children file and HV001 & HV002 in the

household file. The variables to be analysed in the children

data are V190 (wealth index) and B5 (whether the child

was alive at the time of the interview). In the household

data we select variable SH108A listing the time it takes to

get to the nearest health facility from the place of resi-

dence. Finally, three additional variables, V005, V021 and

V025, are loaded from the children data. These will be

needed when analysing the data using the survey pack-

age (see further). We can select all the data required by

executing two lines of code (i.e. lines 23–24 in Listing 1)

using the read.file() function. Table 1 lists the vari-

ables used in this example.

Table 1 Variables used in the example

Variable locations

Variable Content Dataset type

Matching variables

V001 Cluster number Children data set

V002 Household number in cluster Children data set

HV001 Cluster number Household data set

HV002 Household number in cluster Household data set

Design variables

V021 Primary sampling unit Children data set

V005 Sample weight Children data set

V025 Type of place of residence Children data set

Analysis variables

V190 Wealth index (quintile) Children data set

SH108A Time to get to health facility Household data set

B5 Child alive or dead Children data set

Descriptive statistics

Variable Range Mean (SD) Value counts

V021 1-300 NA NA

V025 1–2, 1: urban, 2: rural NA 1: 3,575, 2: 5,417

V190 1–5, 1: poorest, 5: richest 02.87 (1.40) 1: 2,038, 5: 1,483

SH108A 0–900, in minutes 61.36 (83.29) NA

B5 0–1, 0: no, 1: yes 00.88 (0.31) 0: 1,005, 1: 7,987

Variables are used for three different purposes in this paper: (1) to

construct a new matching variable to merge the children and house-

hold data, (2) to specify the survey design to allow for proper

analysis, (3) as variables of interest that are being analysed. The lower

part of the table lists the descriptive statistics of variables if applicable

4 The listing of all available DHS surveys: http://www.measuredhs.

com/data/available-datasets.cfm.
5 DHS instructions on acessing the data http://www.measuredhs.com/

data/Using-Datasets-for-Analysis.cfm.
6 DHS Recode Manuals: http://www.measuredhs.com/publications/

publication-dhsg4-dhs-questionnaires-and-manuals.cfm.
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Line 23 in Listing 1 reads the children dataset type from

file CDKR50FL.SAV and retrieves variables V001, V002,

V005, V021, V025, V190 and B5. Variables V005,

V021 and V025 will be used when analysing the data with

the survey package. Line 24 loads the household dataset

type from file CDHR50FL.SAV and retains three vari-

ables: V001, V002, SH108A. The data are stored in two

data frames named children and households,

respectively.

After loading the data, the second step is to construct a

matching variable in each data frame by concatenating the

appropriate variables. This can be done by the native R

function paste(). Lines 26–27 of Listing 1 create a new

variable matching in data frames children and

households. Notice, that we concatenate the variables

as listed in table provided in the supporting material. When

concatenating variables to make a matching variable, a

character separating the variables should be added. Here
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we use ‘‘_’’ as a separating character (see lines 26–27).

This avoids the possibility of different values being con-

catenated into the same matching value. If no separating

character is added V001 = 123 & V002 = 45 and V001

= 12 & V002 345 will, for example, result in the same

matching variable value.

The final step is to merge both data frames using the

native R function merge(). By calling merged \-
merge(children,households,by=‘‘match-

ing’’) the data frame households will be merged to

the children using the newly constructed matching

variable (line 29). This is to say, to each child the data for

the corresponding household will be added and the

resulting data frame merged has the same number of

records as children. The data frame merged now

contains all variables necessary to address the questions

outlined above. The first ten lines of the data frame

merged are shown in Listing 2.

Data analysis

Having merged both dataset types, we can move on to

analysing the data (Listing 1, lines 31–55). As the data

comes from a survey study, the sample weights and the

survey design must be taken into account to obtain correct

point estimates and variances. This can be done using the

survey package (Lumley 2004, 2013). This package

provides a range of functions for calculating descriptives

and fitting generalized linear models for survey data.

Using the survey package entails two steps. First, the

survey design must be specified and stored in a variable.

Next, this variable can be used as an argument to the

specialized functions provided by survey to analyse the

data.

Specifying the survey design

Specifying the design is done by setting the following

parameters using the svydesign() function of the

survey package. Three parameters should be set:

1. Sampling weights: Weights are used to make calcu-

lated averages representative of the population.

Weights can be constructed by dividing the appropriate

DHS variable by 1,000,000 as required by the DHS. A

table in the supplementary material lists the DHS

variables to be used for this purpose.

2. Sampling units: The primary sampling unit (PSU) is

given by variable V021 in women’s and children’s

files, MV021 in men’s dataset types, and HV021 in

household dataset types. The secondary sampling unit

(SSU) is the household and is given by variable V002

in women’s and children’s files, MV002 in men’s

dataset types, and HV002 in household dataset types.

3. Stratification: In some surveys the stratification used to

design the sample is captured in the variable V023.

However, in other surveys, V023 is blank or is set to

‘‘National’’. The description of the survey implemen-

tation in the survey’s DHS report should be read to

deduce the stratification variables.

Pseudocode for specifying the design for a survey is given

in Listing 3. The parts between \[ should be replaced by

the appropriate variable names. The DHS report for the

current dataset states that the stratification was done based

on the type of residential area (urban/rural). This is given

by variable V025. Therefore, our design specification

should have the following arguments: ids=* V021?

V002 and strata= *V025. The weights variable,
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defined on line 35 in Listing 1, is used to specify the

weights: weights=* sampleweights (see line 36 in

Listing 1).

Descriptive statistics

Line 38 creates a table of the children survival rate B5 as a

function of the household wealth quintile V190. Notice

that the variable design, created on line 36, is passed as

an argument to the svyby() function. Line 39 creates a

similar table for the time to get to the nearest health facility

(SH108A). On both lines, we pass the optional argument

vartype=c(‘se’,‘ci’). This results in both the

standard error and the 95 % confidence intervals being

reported. The contents of pivot tables survival and

distances is shown in Listing 4.

For each quintile, the mean, standard error (se), lower

(ci_l) and upper (ci_u) confidence interval are listed.

From these tables it can be seen that richer households

(higher values of V190) tend to live closer to a health

facility and have more surviving children. Indeed, of all

children born in the poorest households (i.e. V190=1) 86

% were still alive at the time of the survey. In the richest

households (i.e. V190=5), 93 % of the children were alive.

Likewise, members from the poorest households (i.e.

V190=1) need on average 85 min to get to a health facility.

Members of the richest households (i.e. V190=5) need

only 21 min to get to the nearest facility.

Lines 48 and 50 in Listing 1 use the plotCI() func-

tion from the plotrix package to graph the descriptives

(see Fig. 1). These plots visualize the trends that can be

read in Listing 4.

Inferential statistics

Besides functions for calculating descriptives, the survey

package also allows for inferential statistics. For example,

the svyglm() function fits a generalized linear model to

data from a complex survey design. On line 52 of Listing 1

this function is used to fit a GLM with B5 as dependent and

V190 as predictor. Notice that, as before, the variable

design is provided as an argument to specify the survey

design. Because B5 is a binary variable we use fam-

ily=quasibinomial7 to specify a logistic regression.

Similarly, line 53 fits a GLM with SH108A as dependent

and V190 as predictor. Because the dependent is a con-

tinuous variable in this case, no family needs to be

7 Normally, one would use family=binomial to specify a

logistic regression in R. However, as we are using weighted data,

we need to use family=quasibinomial. Please refer to the

survey package help on the svyglm() function for more details.
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Fig. 1 Plots of the descriptive

statistics. The descriptive

statistics are stored in data

frames survival (left) and

distances (right). Left the

child survival rate (B5) as a

function of the households’

wealth index (V190). Right the

time to get to a health facility

(SH108A) as a function of the

households’ wealth index

(V190). The vertical bars

denote 95 % confidence

intervals
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specified (by default family=gaussian is used). Call-

ing summary(model1) and summary(model2) on

lines 54 and 55 returns the results for both GLMs. The

output of these calls is shown in Listing 5. This output

reveals a statistically significant linear effect of wealth

index on child mortality. The odds ratio of a child being

alive is estimated to increase by 17 % for each unit of

increase in wealth index.8 Likewise, richer households turn

out to live significantly closer to a health facility

(model2). An increase in wealth quintile is associated

with a decrease of about 16 min to a health facility.

Missing data

In the presented analysis we have ignored the presence of

missing data. However, each DHS variable usually con-

tains missing data. Moreover, when merging data set types,

typically some records cannot be matched, for example,

due to errors during data entry. The default behaviour of

the merge() command on line 36 is to omit all non-

matched records. Likewise, when calculating the point

estimates in lines 38 and 39 of Listing 1, the optional

argument na.rm=TRUE tells R to ignore missing values.

While ignoring missing values was deemed acceptable in

the current example, the reader should be aware of their

presence and assess whether they might introduce a bias in

the analysis.

Conclusion

An integrated solution to analysing DHS data would be a

dedicated package that integrates downloading, organizing,

merging and analysing the data—including the GPS data

provided for some surveys. Much of the functionality

needed for such a package is already in place across

different existing packages (e.g. foreign, prevR and

survey). In the absence of such a package, we hope that

papers such as this (see also Speybroeck et al. 2010, 2012;

Konings et al. 2010) for R-based DHS analysis tutorials)

help lower the barrier to analysing DHS data and enable

researchers to realize the full potential of the DHS data.
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