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Subnational survey data reveal persistent
gaps in living standards across 75 low and
middle-income countries
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Many households worldwide face substantial gaps in decent living standards
(DLS), universal and essential material preconditions for achieving well-being
and inclusive development. Here, we use subnational Demographic andHealth
Survey data from 75 low andmiddle-income countries (1990–2021) to explore
the distribution and trends of ten living standards. We estimate that 94.9% of
households in our dataset lack thematerial prerequisites for at least one of the
ten standards, and 63.6% for one-third of them. Stark inequalities persist both
within and between countries, with regions in sub-Saharan Africa experiencing
the most severe deprivations. Despite some improvements, progress remains
limited in critical areas such as health care, sanitation, housing, and education.
Within countries, rural, agrarian households with low levels of educational
attainment are particularly disadvantaged. These granular findings at the
subnational level can help direct policy efforts and resources towards those
populations most in need.

At the halfway mark of the 2030 Agenda and its Sustainable Devel-
opment Goals (SDGs), failures in implementation reveal outcomes that
are incredibly sobering1. Troublingly, improvements in reducing
extreme poverty stalled and even regressed after 20202–4. Despite over
two decades of global commitment and time-bound targets to reduce
multidimensional deprivations, first under the previous Millennium
DevelopmentGoals (MDGs) andnow the SDGs, toomanypeople today
still live in abject poverty. Moreover, measures of extreme and acute
poverty dominate discussions of poverty alleviation, which continues
to be tracked by simple and incomplete income-based indicators such
as the share of people living under US$2.15 a day, even when it is
evident that many who earn more than that threshold still lack
access to or just cannot afford the services necessary to live a decent
life5,6.

Understanding of and interest in tracking the multidimensional
nature of poverty has grown over the last decade. The SDGs them-
selves, despite having been critiqued for being too siloed, mark a
significant advancement in the acknowledgment of diverse human
needs7. They go beyond a focus on the dominant income poverty
measure to the tracking of progress in different areas, which reflect
well-beingmore comprehensively8,9. In addition to the SDG indicators,
several multidimensional indices10–17 have been developed in recent
years to track different facets of deprivations in living standards.
However, few, except for theMultidimensional Poverty Index (MPI)18,19,
allow for comparisons not only between but also within countries and
across time20. Most existing indicators for low- and middle-income
countries are only available at a national scale, with consistent and
comparable tracking at subnational scales being less common.
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In September 2023, under the auspices of the General Assembly,
the SDG Summit called for new science-based solutions and increasing
support for data as pivotal to unlocking our commitment to “leave no
one behind”21. Responding to this call, we contribute timely research
that develops a novel dataset of decent living standards (DLS)22 to
assess the achievement of ten distinct and non-substitutable living
standards subnationally. Our data contains information for over 4.7
million households in 75 countries over the period from 1990 to 2021,
covering 66% of the population living in low- and middle-income
countries today (Supplementary Figs. S1 and S2). Notably, we built this
dataset using regularly conductedmultitopicDemographic andHealth
Surveys (DHS) allowing for replicability, regular updating, and
improvements23. Our work complements previous efforts to map the
distribution of living standards for specific need dimensions across
different countries24–27.

The ten living standards we consider refer to seven dimensions
satisfying physical well-being (housing, thermal comfort, nutrition,
food preparation/storage, water, sanitation, provision of health care)
and three dimensions satisfying social well-being (access to education,
social connectedness, and physical connectedness). The DLS dimen-
sions have been previously quantified based on slightly different
indicators and thresholds6,28,29. The qualitative dimensionswe consider
closely align with these previous approaches (see Supplementary
Tables S1−3 for information on the operationalization of the indica-
tors). Prior research on estimating DLS gaps has focused either on a
narrow subset of countries28, or when covering the globe on a single
year6, country-level data6,29, or a singleDLSdimension30.We contribute
to the literature onmeasuringDLS by assessing these subnationally for
a wide selection of low- and middle-income countries over a period of
three decades.

Our DLS dataset includes some of the same dimensions of
deprivation that comprise the MPI18,19. However, our measure is dis-
tinct from theMPI in five critical ways (See Supplementary Note). First,
we do not weigh the dimensions or indicators as we consider these as
distinct and non-substitutable. We therefore do not aim to construct a
single index of multidimensional deprivation. Second, we go beyond
the MPI in including indicators we consider essential to not only
individual but also social wellbeing, such as social and physical con-
nectedness, access to education, and health care provisioning. Third,
DLS represents a more ambitious approach to poverty eradication
compared toMPI, which is described as ameasure of ‘acute poverty’19,
as it employs stricter thresholds for many of the dimensions con-
sidered. Fourth, while theMPI considers access to any of a set of assets
—such as a radio, TV, telephone, computer, or refrigerator—as one of
the six components of living standards it measures to characterize
acute poverty, we consider access to individual assets as distinct
indicators thatmeasure separate dimensions ofwell-being (e.g., access
to a refrigerator is essential for food preservation and storage, while it
does not satisfy the separate need for communication). Finally, our
approach in creating this DLS dataset lends itself to integration with
important environmental dimensions of sustainable development. For
example, methodologies for assessing the energy and material
requirements for providing DLS have been developed in related
work6,28,29,31.

Globally, it is estimated that about 10% of the population in
developing countries live in extreme poverty whenmeasured applying
the simple income-basedmetric of less than $2.15 a day (PPP), whereas
about 18% are estimated to live in multidimensional poverty as mea-
sured using the MPI5. We find, however, that about 94.9% of house-
holds in our sample (1.99 million households in the last available DHS
wave) are deprived of at least one of the ten essential living standards
that comprise the DLS basket, and 63.6% are deprived of one-third of
the living standards. Over time, access to DLS has improved, but there
are still stark and persistent differences in living standards between

andwithin countries, especially between urban and rural areas. We see
the biggest deprivations in access to health care, modern means of
food preparation (clean cooking and food preservation), housing,
clean water, sanitation, and education. The observed progress in
improving living standards falls far behind the pace needed to achieve
the goals of the 2030 Agenda.

Results
Inequality in decent living standards
The DHS data revealsmajor gaps in the achievement of DLS across the
considered countries. Considering the distribution of DLS across the
1103 subnational regions covered in the last DHSwave in each country,
we find that in 920 regions (83.4%) less than 5% of households have
achieved each of the ten DLS dimensions considered (Fig. 1A). Across
the dimensions, the largest deprivation can be observed for modern
means of food preparation (unfulfilled for 72.2% of households in the
sample), health care (68.0%), adequate housing (54.8%), and adequate
sanitation facilities (47.9%). About 21.3% of households in the last DHS
wave reported at least one household member showing nutritional
deficits, including signs of undernutrition for adults or wasting and
stunting for children. The findings reveal a major shortfall in DLS
achievement for large parts of the global population and are at odds
with the ambition to eliminatemultidimensional poverty as targeted in
the SDGs.

The distribution of living standards across the world is highly
unequal (Fig. 1B). While some countries are characterized by overall
high levels of achievement across several DLS dimensions, others face
major gaps. Across world regions, households in sub-Saharan Africa
had the least access to DLS, with on average only 12.0% of all house-
holds in the latest available DHSwave having attained two-thirds of the
DLS dimensions considered. This share was considerably higher in
South Asia (37.3%), Latin America and the Caribbean (44.1%), East Asia
and the Pacific (52.5%), the Middle East and North Africa (61.0%), and
Eastern Europe and Central Asia (73.2%). We caution that these num-
bers are only characterizing the countries included in the data sample
and shouldnot be treated as representative of theworld regions.While
households in certain world regions were overall more restricted in
their living standards, populations across theworld experience gaps in
decent living standards in at least some of the considered dimensions
(Supplementary Fig. S3).

While disparities between countries are evident, inequalities also
manifest within countries and within subnational regions (Fig. 1C).
Even in countries where progress has been made, some pockets of
deep deprivation persist. One key factor contributing to these
inequalities within countries is the stark contrast between urban and
rural areas. Urban settlements are often hubs of economic activity and
infrastructure development, offering better employment opportu-
nities and providing improved access to education, healthcare, and
other essential services26,32. However, there are also major inequalities
in living standardswithin urban areas. These variationsmay bemasked
by the overall perception of urban affluence. Cities are often divided
along socioeconomic lines33,34, leading to significant differences in the
quality of life experienced by residents within a small geographical
area (Supplementary Fig. S4).

Inadequate progress in the achievement of decent living
standards
While improvements in some of the DLS dimensions are observable,
temporal trends are characterized by stagnation across numerous
domains (Fig. 2A). For example, progress in access to clean water or
educationhas stalled in urbanareas, and a slight regression in access to
social connectedness is visible in rural areas. Notably, the divide
between urban and rural regions persists over time acrossmany of the
indicators, although there is a convergence in specific areas, such as
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Fig. 1 | Distribution of achievement of decent living standards (DLS) for 75
countries. A shows histograms depicting the distribution of subnational regions
according to the share of their populations achieving all, two-thirds, and half of the
considered DLS dimensions. Themap in B shows the share of the population in the
subnational regions achieving at least two-thirds of the DLS dimensions. C depicts
boxplots showing the median, interquartile ranges (IQR), and whiskers (either
maximum value or maximum 1.5 × IQR) of the distribution of the share of the

population achieving at least two-thirds of the considered DLS dimensions across
all subnational regions within the countries. Outliers are marked by crosses. Each
subnational region represents one observation in the data, suggesting that a
country with a broader boxplot has higher domestic DLS inequality. A number of
subnational regions per country are displayed below the box plots. The data
depicted are basedon the last availableDHSwave for each country (Supplementary
Fig. S1).
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Fig. 2 | Trend and gap analysis showing gaps in the achievement of decent
living standards over time and across world regions. A shows the predicted
share of households in the DHS data that have achieved a specific DLS dimension
over time. The x-axis shows the year of the survey data collection across multiple
waves. The figures are based on estimates derived from amodel controlling for the
presence of different countries in the respective DHS waves via the use of country-
level fixed effects (Supplementary Table S4, Models 1–11; n = 5365 subnational
regions). These models account for the fact that differences over time may be
driven by changes in the composition of the DHS sample with specific countries

entering and leaving the sample.Missing data for selecteddimensionswas imputed
using predictive mean matching approaches (Supplementary Table S6). B shows
the potential of closing gaps in specific DLS dimensions by providing access to a
specific DLS dimension (x-axis) to everyone in a population. The y-axis in the figure
measures the additional share of people whowould have access to at least 2/3 of all
DLS dimensions, if the gaps in a specific DLS dimension were to be closed, high-
lighting notable potential for closing gaps in healthcare, food, and transportation
infrastructures.
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access towater, resulting in a narrowing of the gap between urban and
rural regions.

Multidimensional poverty, where households are deprived of
multiple DLS dimensions, is common in the DHS sample. Supple-
mentary analyses using k-means clustering and bivariate correlations
(Supplementary Fig. S5) show that if a household lacks access to ser-
vices in one DLS dimension, it is likely to also be deprived in other
dimensions. The highest correlations at the regional level are between
thermal comfort, access to modern means of food preparation, sani-
tation, and housing. These correlations show the interconnected nat-
ure of living conditions and point to the existence ofmultidimensional
poverty and clusters of deprivationwherehouseholds experience gaps
in multiple living standards11,18,35.

Policies targeting deficits in specific needs and DLS dimensions
can help lift households out of multidimensional deprivation
(Fig. 2B). The effectiveness of targeting particular dimensions
depends on both the world region and which DLS dimension poses
the greatest constraint for households. For instance, closing gaps
related to food preparation and healthcare would prove highly
effective in most world regions. Conversely, addressing gaps in
physical connectedness and access to education would be most
effective in the Middle East and North Africa. In sub-Saharan Africa,
where deprivation spans multiple dimensions, focusing on selected
dimensions alone would be less effective. A more comprehensive
approach is needed here to simultaneously address gaps across
various dimensions36.

Social inequalities shape the achievement of decent living
standards
Social characteristics of households shape the divide in DLS (Fig. 3).
The location of households in rural and urban areas as well as their
educational attainment level and occupation are influential in deter-
mining who has the means to access essential services, adequate
housing, and other vital elements that contribute to an improved
quality of life. Across all considered DLS dimensions, the lowest levels
of DLS are found among rural households with low educational
attainment and anagricultural occupation (top left panel). The share of
households achieving at least two-thirds of the DLS dimensions is
67.2% lower in this most deprived group compared to the group of
urban households with both at least one member with secondary
educational attainment and no household member working in agri-
culture (bottom right panel).

Multivariate models confirm the importance of socioeconomic
factors and household characteristics in influencing whether a
household has access to DLS services (Supplementary Table S5, Model
10; n = 3,095,789; inference statistics based on t-tests; all standard
errors clustered at the regional level). Controlling for the full set of
household covariates, we find that the probability of achieving at least
two-thirds of all DLS dimensions is significantly reduced by 28.0% for
households without secondary educational attainment (CI95: −29.4,
−26.5; p <0.001,), by 23.2% for households living in rural areas (CI95:
−24.7, −21.8; p <0.001), by 7.8% for households with an agricultural
occupation (CI95: −8.8, −6.8; p <0.001), for larger households by 1.3%

Fig. 3 | Distribution of decent living standards (DLS) for urban and rural
households by different educational attainment and occupational categories.
The figure distinguishes between households with at least one member with an
agricultural occupation and those without members with an agricultural occupa-
tion as well as households with and without (at least one member) with secondary
educational attainment. The bars show the mean global share of the respective

subgroup with a living standard achieved within urban (blue) and rural (red) areas,
respectively. The black bar and percentage show the average access levels in a
population group, including both rural and urban parts of the local population.
Supplementary Fig. S3 shows the distribution of the share of the population with
access to the ten DLS dimensions by rural and urban areas across all subnational
regions in the data.
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per additional household member (CI95: −1.4, −1.1; p <0.001), by 2.6%
if the household head has not been present in the household in the
previous night as a migration proxy (CI95: −3.2, −2.0; p < 0.001), by
1.2% if the household head is female (CI95: −2.0, −0.4; p = 0.003), by
4.4% if the household consists only of female adults members (CI95:
−4.9, −3.8; p <0.001), and by 5.9% if there are children (<16) living in
the household (CI95: −6.5, −5.3; p <0.001). Although these findings are
explorative and cannot reflect the influence of local contexts, they
highlight the role of household-specific characteristics in influencing
access to living standards. Our data and measures provide a basis to
further analyze the determinants and relevant mechanisms of multi-
dimensional deprivation and resulting inequality across different
settings.

Discussion
The pursuit of providing decent living standards for all has been a
central goal of development efforts worldwide. At themidway point of
implementing the UN 2030 Agenda, we call for a multidimensional,
integrated perspective to alleviating poverty. This must go beyond
simple headcount measures derived from income-based thresholds to
a focus on eliminating deprivations in access to services that are
essential for decent living, both at the household and community
levels4,19,22. Collecting multidimensional information at the household
and subnational regional level is crucial for tracking progress.

To support this call, we present a novel subnational dataset that
gives a nuanced picture of (1) where multiple deprivations occur, and
(2) how (insufficient) efforts have led to improvements (stagnation)
over time in specific dimensions and particular regions. While sig-
nificant progresshasbeenmade inmany aspects of expanding services
and infrastructures needed for decent living, our data show thatmajor
gaps continue to persist, particularly in rural areas and among
households that work in agriculture and have low levels of educational
attainment. These gaps highlight the ongoing challenges and com-
plexities associated with achieving equitable and inclusive
development.

The different DLS dimensions presented in this paper are not
mutually substitutable. The range of needs important for human well-
being is wider than that captured by indices and measures of multi-
dimensional poverty commonly used today. Inour assessment, each of
the DLS dimensions is considered separately because deprivation in
even one of them constitutes a state of poverty, where households do
not have access to goods or services essential for a decent life. Our
measurement approach to deprivation makes it easier to distinguish
the sources of overall poverty and the relationships between different
dimensions of deprivation.

Accordingly, examining the relationship between the DLS attain-
ment gap at national scales andmultidimensional poverty reveals that,
in nearly all cases, a larger proportion of the population falls short of
meeting DLS thresholds compared to direct and indirect poverty
thresholds6. This is in line with the notion that DLS is not merely about
fulfilling absolute survival needs but rather aiming instead to capture a
more comprehensive set of requirements for a decent quality of life22.

Gaps in DLS can have profound implications for subjective well-
being, and previous research has consistently shown that material
deprivation negatively affects happiness and life satisfaction37. How-
ever, much of this work has been focused on single indicators of living
standards, such as access to specific services and resources. To our
knowledge, there has been little examination of how deprivation
across a broader set of DLS indicators influences well-being, which is
partly due to the lack of appropriate global datasets that link com-
prehensive DLS measures with subjective well-being outcomes. We
consider this an important area for further research, where compre-
hensive datasets and methodologies like ours can help examine the
broader impact of multidimensional deprivation on subjective
well-being.

Our data and the constructed indicators face limitations which
should be noted when interpreting the results. First, a caveat of the
DLS framework is that it cannot fully capture a complete set of uni-
versally applicable well-being satisfiers. In many instances, it is hard to
reflect access to specific needs, such as mental health, public safety,
and economic prosperity, in empirical terms due to data limitations.
Empirical definitions of DLS also critically depend on time andmay be
influenced by available technologies and norms. For example, access
to information canbe achieved throughdifferent technologicalmeans,
which can change. In our approach, we assess access to basic needs
and services basedon a set of universal andobjective criteria that allow
us to quantitatively evaluate disparities and track progress in the
achievement of DLS dimensions over time.

Second, any attempt to universally conceptualize standards for a
decent life is limited, due to, for instance, cultural and contextual
factors of what is regarded as necessary for people to live a good life.
Individual aspects of DLS may, therefore, very well be subject to
objections, as these concepts have evolved within specific traditions
and cultural contexts. For instance, formal education could be an
example that might be an avenue to increase equality in access to
formally canonized knowledge, but has also been used to suppress
Indigenous cultures. While the DLS measure seeks to capture a broad
understanding of decent living standards, the definitions and thresh-
olds may not fully encompass the diverse perspectives and lived
experiences of different populations.

Third, the DLS dimensions and the index were constructed with a
focus on consistency and comparability across time periods as well as
regions and countries covered in the data. This presents different
challenges when it comes to harmonizing and aggregating the data.
For instance, in the case of thermal comfort, data on electricity access
is available, but other energy carriers like natural gas (more prevalent
for space heating in some countries) are not covered by the DHS.
Further, an important aspect of the DLS is the focus on material
satisfiers. Due to the data limitations, some of the DLS dimensions, like
access to education had to be defined using indirect measures. Future
research could expand our data by including a broader range of
countries, allowing for more nuanced international comparisons.
Improvements in the underlying data and indicators used to capture
certain dimensions of DLS could also help with making our datasets
more comprehensive in the future.

Fourth, the DHS data are available only for 75 countries with a
focus on low- and middle-income settings. This leaves us with data
gaps for a large number of countries worldwide, including middle and
high-income countries, where large disparities and inequalities in the
achievement of DLS persist despite a relatively high wealth level.
Several major countries of interest, such as China, are not part of the
DHS data collection, and variables used to construct our DLS indica-
tors are not available in country-specific surveys. Despite the limited
coverage of our data, they provide a comprehensive and comparable
overview of living standards for a very large number of countries and
revealmajor gaps in the achievement of living standards for large parts
of the global population, underscoring our call for action. If novel data
sources are published, our openly accessible code and methodology
allow other researchers to replicate our work and expand our dataset
with further country-specific information.

Past studies have estimated that meeting DLS for the global
population would require only a fraction of the current consumption
of energy and material resources6,28,29,31. Decision-makers need to
consider well-being and deprivation across multiple dimensions,
recognizing the importance of equitable access to essential services,
infrastructure, and resources. Access barriers often stem from struc-
tural inequalities and systemic challenges beyond individual control.
Governments at all levels bear the responsibility to ensure that
everyone, especially marginalized and vulnerable populations, has
access to the means to lead a decent life. In this context,
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comprehensive data and analytical frameworks, such as the DLS fra-
mework, are crucial for providing the evidence necessary to track
progress, inform policy decisions, and ensure that resources are
directed toward those who need them most.

Methods
Multi-dimensional deprivation measures and the DLS
framework
Different concepts have been proposed to measure human well-
being38. Purely economic indicators, such as GDP, have been criticized
for neglecting the diversity and multidimensionality of well-being,
including non-material aspects38–41. The Human Development Index
(HDI) goes beyond a purely economic perspective, taking into account
a broader range of factors such as educational attainment and life
expectancy. While the HDI is often used as a measure of a country’s
overall well-being, it captures only a limited number of dimensions and
cannot be used to distinguish the well-being of different social
groups10,42,43.

Multidimensional well-being measures, such as the Multi-
dimensional Poverty Index (MPI)18, the International Wealth Index
(IWI)12, the Multidimensional Poverty Measure13, and the Individual
DeprivationMeasure14, focus on tracking access to basic services, often
with a focus on low- and middle-income countries. These measures
address some of the gaps of purely income-based measures and pro-
vide more detailed information on the level and distribution of well-
being within a population9,12.

The DLS framework complements previous well-being measures
by defining a set of universal, non-substitutable, and essential material
conditions necessary for achieving human well-being. This standard is
basedonvarious accounts of basic justice, suchas the capability8,44 and
basic needs45 approaches, and is designed to comprehensively address
living conditions and social participation. The DLS framework distin-
guishes between physical well-being, encompassing essential aspects
like shelter, health, nutrition, and social well-being, involving factors
such as socialization, access to education, and mobility (Fig. 4).

The DLS framework includes indicators and quantitative thresh-
olds that can be operationalized and compared across different con-
texts. Unlike other multidimensional well-being indicators, DLS

deliberately focuses on access to basic needs and services, expanding
the set of relevant dimensions. It thus provides amore comprehensive
picture of multidimensional deprivation, highlighting differences
between population subgroups. Furthermore, the framework can be
employed to evaluate the energy demands associated with achieving
basic living standards for everyone, thus providing a foundation for
the development of pathways towards a just transition.

Demographic and Health Surveys
Demographic and Health Survey (DHS) data23 are used to oper-
ationalize the DLS indicators. DHS data include over 350 nationally
representative surveys in over 90 low- andmedium-income countries
worldwide. These data focus on women of reproductive age (15–49),
who are subject to comprehensive individual and household surveys.
The surveys collect information on dwelling characteristics and
contain a roster of all householdmembers along with information on
their age, sex, relation to the household head, and educational
attainment.

DHS has been collected in eight waves within the period 1986-
2023. For some countries, data are not available for each of these
waves (Supplementary Fig. S1,) resulting in an unbalanced series of
observations over time. In addition, some variables, like the primary
cooking fuel used by households, are also missing from the initial
survey waves. For our analysis, we use data from 263 surveys covering
4,712,696 household observations from 75 countries within the period
1990–2021 (wave 2 to wave 7). As data for DHS waves 1 and 8 are
available only for selected countries, we did not consider these waves
in our analysis.

Three types of DHS files were used: Household recode (HR),
individual recode (IR), and child recode (KR) files, in which the unit of
analysis is the household, women aged 14-49, and children of inter-
viewed women born in the five years prior to the survey, respectively.
For each file type and dataset, relevant variables were selected and
aggregated to the household level. These variables then form the basis
for the construction of the DLS indicators (Supplementary Fig. S2).

For the main analysis, all DHS microdata were combined at the
household level and aggregated to the subnational regional level.
Suitable householdweightswere used toweigh the datawhen deriving

Fig. 4 | Conceptual framework and operationalization of the ten decent living
standards (DLS) dimensions in DHS. The dimensions refer to different aspects of
physical and social well-being (top part) and build on natural resources and specific
material requirements (bottom part). Each dimension was measured using

different DHS indicators. Detailed information on the measurement and con-
struction of the DLS dimensions is provided in Supplementary Tables S1 to S3 and
Supplementary Fig. S2.
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aggregate regional indicators using samplingweights providedbyDHS
and standard procedures46. The weights correct differences in the
probability of selection into the DHS sample due to either design or
happenstance and ensure the representativeness of the data at the
subnational regional admin 1 level (e.g., districts, provinces, or states)
for both the rural and urban population residing in an area. By
weighting the data, we ensure that the conditions of the most dis-
advantaged population groups, in terms of living standards, are
accurately reflected in our analysis. Our results and the main conclu-
sions derived remain fully robust also when using unweighted data.

Operationalizing the DLS dimensions using DHS data
The DLS has two primary dimensions – physical and social well-being.
The physical well-being dimension focuses on aspects like food,
nutrition, housing, thermal comfort, and healthcare. The social
dimensions contain elements like mobility, communication, and
access to education. The binary indicators (either achieved or not
achieved) for each of these dimensions are defined at the household
level and then aggregated to the subnational regional level to obtain
shares of the local (rural and urban) population with a DLS dimension
achieved. The detailed indicator definitions, variables, and minimum
thresholds used in defining these indicators are described in Supple-
mentary Tables S1–S3 and Supplementary Fig. S2.

Housing living standards are operationalized based on theWHO’s
Housing and Health Guidelines47, which define housing standards in
terms of crowding, indoor thermal comfort, home safety, and acces-
sibility. The threshold for crowding varies by country, but as a com-
mon baseline, we adopt UN Habitat’s definition, where ‘overcrowding’
means that more than three persons share a room. For the oper-
ationalization, we rely on twoDHS variables: the number of rooms and
number of members in a household. Similarly, housing safety is
defined using information on the household’s type of floor material.
The living standardonhousing is fulfilled if a household lives in a home
(1) built with an improved floor (made of durablematerial) and (2) with
less than three people per room.

To measure a household’s thermal comfort, we combine infor-
mation on the thermal insulation of houses with information on access
to energy. For the former, we include information on the wall and roof
material of the houses, distinguishing between poor and improved
insulation. Furthermore, access to electricity is included, which is
crucial for operating cooling and heating appliances. The thermal
comfort dimension is achieved if a household lives in a home with (1)
well-insulated walls and a roof made of durable materials and (2)
access to electricity.

Access to food and nutrition was measured using three DHS
indicators approximating the dietary calorie intake and fulfillment of
micronutrients requirements in a household. First, based on the IR
files, the BodyMass Index of all interviewedwomen in a householdwas
calculated to identify households with an underweight household
member (BMI < 18). In addition, based on the KR files and information
on children’s height, weight, and age, we calculate binary wasting
(weight-to-age ratio) and stunting (height-to-age ratio) indicators. This
information is available for all children in a household under five years
of age. A household is considered to not have achieved this DLS
dimension if any femalemember in the household is underweight or if
any children in the householdarewastedor stunted. As information on
food and nutrition is missing for many households, we conducted a
sensitivity analysis removing this indicator when assessing the overall
attainment of DLS (Supplementary Table S8). The removal of this
indicator does not strongly affect the share of households character-
ized by heightened levels of deprivation (<2/3 DLS).

The food preparation and storage dimension complements the
food and nutritional intake indicator by considering whether house-
holds have access to modern cooking appliances and food storage.

Tooperationalize this dimensionwith theDHS,weconsider the typeof
cooking fuel used by the households. In terms of food storage, the
achievement of the DLS dimension was measured with the ownership
of refrigerators as reported in the recent literature on decent living
standards6,22. A householdhas achieved this DLS dimension if it (1) uses
clean fuel for cooking (following theWHO definition) and (2) if it has a
refrigerator for storing its food.

The water and sanitation dimensions are operationalized based
on the WHO-UNICEF Joint Monitoring Program (JMP) on drinking
water, sanitation, and hygiene (WASH)48. The WASH program uses a
service ladder approach to measure the progress on drinking water,
sanitation, and hygiene. For the DLS dimension, we use the highest
ladder (“safely managed”) of the WASH guidelines to define the water
and sanitation dimensions. This means drinking water available to the
household should be from an improved source, accessible in close
vicinity and free from contamination. Similarly, decent sanitation
means access to improved toilet facilities that are not shared with
other neighbors and have safe disposal of excreta.

The measurement of the access to education dimension follows
an indirect approach. Sincehousehold age structures canwidely differ,
a direct comparison of educational achievements (e.g., whether a
household has secondary educational attainment) is not a feasible
approach to determine the accessibility of educational infrastructure
and the achievement of this living standard. Instead, we consider (1)
the share of children in a community/DHS cluster who are in primary
schooling age (6–12) but are currentlynot enrolled, and (2) the number
of older youth (13-18) in a community who have not yet completed
primary education. We assume the education living standard not to be
achieved if more than 25% of children in a community are either out of
school or have not obtained primary education. In additional sensi-
tivity analyses, we changed this indirectmeasurement approachwith a
more direct one capturing whether any members of a household have
completed secondary school (Supplementary Table S9). All results
remain fully robust to this variation, suggesting that the indirect esti-
mation employed in our main analysis does not affect our findings.

Access to health care depends on local health infrastructures and
people’s ability to access and pay for it. In the DHS, variables on access
to healthcare when needed could be found in the individual recode
data. To determine household access to healthcare, we consider rea-
sons for not being able to obtain medical treatment despite a need.
Access is assumed to be missing if a household member needed
medical assistance but could not avail themselves of it due to limita-
tions in transportation, accessibility, or affordability of the services.

Social connectedness is measured considering the ownership of
assets of mobile phones (basic or smart), television, radios, and com-
puters. Similarly, for physical connectedness, we consider the owner-
ship of bicycles, motorcycles, and cars. Information on these assets is
collected in the household recode data of the DHS, and we use these
variables to define the DLS for social and physical connectedness.

The DHS data provide limited information on the quality of ser-
vices and broader infrastructure required to support all dimensions in
the DLS. However, the available data and variables form a common
basis for defining DLS dimensions across countries and sub-regions,
and to undertake a comparative analysis. Supplementary Tables S1–S3
and Fig. S2 provide complete details on theDLS dimension definitions,
DHS variables, data sources, and minimum thresholds used for con-
structing the DLS dimensions explained here.

Analytical approach and estimation
Different analytical tools were used to explore the DHS-based living
standards data. Besides descriptivemethods, we use longitudinal fixed
effects models to predict temporal trends in the achievement of dif-
ferent DLS dimensions and to explore underlying socio-economic
determinants of differences in DLS. To predict temporal trends, we
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estimate models of the following form:

DLSkrct =βTt + γTt ×Ur +αc + εrct ð1Þ

Where DLSkrct measures the share of the population in a subnational
region r in a country c who had achieved a living standard k in a five-
year interval t, when the DHS data were collected. Each region r can be
further distinguished into an urban and a rural population based on
DHS definitions. The outcome is regressed on DHS five-year time
interval dummies Tt which allow estimating the temporal trends in the
achievement of the DLS dimensions over time (Fig. 2A).

We interact the time dummies with an indicator variable distin-
guishing between the urban and rural parts of a population in a region,
allowing us to estimate separate trends for urban and rural areas. The
models control for country fixed effects αc to account for whether a
country was present in a DHS sample in a specific wave. The models,
therefore, account for compositional effects that may otherwise con-
found the estimation of the temporal trends by controlling for con-
stant differences in average DLS achievement levels between
countries. For calibration purposes and to derive a baseline estimate of
the achievement of a living standard, the achievement level in the time
interval 2010–2014 (with the most observations) was used as a refer-
ence point. Using this reference as a starting point, the differences
between the years estimated in the model (Supplementary Table S4)
were used to determine, for each time point, the predicted access of
the respective population in a region to each of the ten DLS
dimensions.

Complementing the regional models (1), we estimate a series of
householdmodels to explore the role of different socio-economic and
demographic household characteristics for the achievement of DLS. In
particular, we are interested in differences in DLS between households
by educational attainment, agricultural occupation, the residency in
rural or urban areas, household size, the presence of children in the
household, the absence of household members, and the character-
istics of the household head (Supplementary Table S5). To explore the
relevanceof these variables,weestimatemodels of the following form:

DLS 7irt =βXirt +αr + δt + εirt ð2Þ

WhereDLS 7irt is a binary variable measuring whether a household i in
a subnational region r in a five-year time interval t has achieved at least
two-thirds of all DLS dimensions. The binary outcome was regressed
on the vector Xirt capturing the different socioeconomic and
demographic household characteristics. All of these models control
for subnational regionαr and timefixed effects (five-year timeperiods)
to account for any confounding influences. With this, we base our
estimation on the variation between households with different
characteristics within a region at a specific time point.

The standard errors of all models were clustered at the subna-
tional region level to account for intra-cluster correlations of the
observations. Note that all models serve mainly explorative purposes
and are not intended to provide a causal estimate of the influence of
one factor on the achievement of DLS. Country DHS observations that
lacked information on more than three of the considered DLS
dimensions were excluded from any of the presented descriptive or
multivariate analyses.

To account for missing DLS indicators in the other country cases,
we employed multiple imputation through predictive mean matching
approaches49,50. Imputation is a commonly used strategy to handle
missing data by estimating and replacing missing values, ensuring the
broadest possible coverage both in terms of the sample and set of
indicators underlying the analysis. For the imputation, we used the
mice R package51, which uses an iterative series of predictivemodels to
impute missing variables using information from other available vari-
ables in the data. Most commonly, imputation was used for those

variables derived from IR and KR data files, which were not collected
among all households and hence resulted in a greater share of missing
values (i.e., variables “undernutrition”, “wasting”, “stunting”, and
“healthcare”). Table S7 in the Supplementary Information provides
detailed country and DHS wave-specific information on the share of
imputed values for each of the variables underlying the different DLS
dimensions. The imputation did not affect the results presented and
led to nomajor changes in the distributionofDLS indicators across the
waves (Supplementary Table S6). Also, our results are robust to the
exclusion of DLS indicators for which we had to impute many values,
such as for the food and nutrition dimension (Supplementary
Table S8).

In addition to the statistical models, cluster analysis was used to
identify subnational regions in the data with a similar deprivation
profile and to explore multidimensional poverty using the DLS indi-
cators. The share of the population in each subnational region
achieving a specific DLS dimension is used as the basis for the
explorative clustering exercise. For clustering, we use a centroid-based
k-means clustering approach. The method’s aim is to partition the
subnational regions r into a set C of l mutually exclusive and collec-
tively exhaustive clusters such that the within-cluster sum of squares
(WCSS), i.e., the difference of each observation from the mean μi

within each cluster, is minimized. The number of clusters l is defined
prior to the clustering, and we employ various tests to identify the
optimal number in our application (see Supplementary Figs. S5 to S7).
The cluster analysis is performed in R using the cluster package52 and
the Hartigan and Wong algorithm53.

The algorithm initially places data points into randomly generated
clusters, determined by how different they are from the cluster cen-
troids. It then computes theWCSS and the changes that would occur if
a data point were allocated to an alternative cluster. If this alteration
results in a reduced WCSS compared to the original assignment, the
data point is reassigned to the new cluster. This process continues
iteratively until the assignments stabilize, signifying that further
enhancements in the WCSS criterion cannot be achieved by altering
data point allocations between clusters. At this point, anymodification
would either augment internal variability within the clusters or
enhance external similarities between them, consequently causing an
increase in the WCSS.

Ethics statement
We have complied with all relevant ethical regulations and good sci-
entific practices in the preparation, harmonization, and analysis of the
data. No ethical approval was obtained for this study as no primary
data collection was undertaken and all data were obtained from sec-
ondary sources. All DHS surveys adhere to rigorous standards to
protect the privacy of respondents and householdmembers. Standard
survey procedures and questionnaires are reviewed and approved by
the ICF Institutional Review Board (IRB). In addition, country-specific
survey protocols undergo review by both the ICF IRB and, typically, a
national IRB in the host country. The ICF IRB ensures compliance with
U.S. Department of Health and Human Services regulations for the
protection of human subjects, while host country IRBs ensure align-
ment with local laws and ethical norms. Further information on the
DHS ethical procedures can be found on the DHS website (https://
dhsprogram.com/methodology/protecting-the-privacy-of-dhs-survey-
respondents.cfm).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The subnational regional level DLS attainment data used in this study
has been deposited in the following repository: Hoffmann, Roman;
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tional survey data reveal persistent gaps in living standards across 75
low and middle-income countries”, https://doi.org/10.7910/DVN/
EGFZSD, Harvard Dataverse. The replication data contains all data-
sets aggregated at the subnational regional level. Access to the
underlying microdata is restricted. These are publicly available from
DHS: https://dhsprogram.com/.

Code availability
The replication code used to generate and visualize the results
reported in this study are available in the following repository: Hoff-
mann, Roman; Patange, Omkar; Belmin, Camille, 2025, Replication
Data for: Subnational survey data reveal persistent gaps in living
standards across 75 low and middle-income countries”, https://doi.
org/10.7910/DVN/EGFZSD, Harvard Dataverse. The data analysis was
carried out in R. All used packages are acknowledged and cited in the
source code files.
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