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Abstract

The mental health of the elderly in low- and middle-income countries (LMICs) is a
largely neglected subject, both by policy and research. We combine data from the
health and retirement family of surveys in seven LMICs (plus the US) to document that
depressive symptoms among those aged 55 and above are more prevalent in those
countries and increase sharply with age. Depressive symptoms in one survey wave are
associated with a greater decline in functional abilities and higher probability of death in
the next wave. Using data from a panel survey we conducted in Tamil Nadu with a focus
on elderly living alone, we document that social isolation, poverty, and health challenges
are three of the leading correlates of depression. We discuss potential policy
interventions in these three domains, including some results from our randomized
control trials in the Tamil Nadu sample.
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Mental health is currently at the forefront of policy discussion in rich countries, but it
remains underemphasized in low- and middle-income countries (LMICs), both as a
matter of policy and an object of study. High-income countries allocate about 5.4% of
their total government health expenditure to mental health, compared to 1.7% in LMICs
— and only 0.02% in the nine low-income countries covered by the WHO mental health
Atlas (WHO 2020; Mental Health Atlas 2021). This lack of spending results in very
limited availability of trained staff: there are 1.4 mental health workers per 100,000
population in poor countries, compared to 62 in rich countries, resulting in 80 to 90% of
cases going untreated in many settings (Thornicroft et al. 2017).

Moreover, given that populations in lower-income countries generally skew younger —
8% of the population of LMICs are above 65, compared to 19% for high-income
countries — there is generally much less policy focus on health issues faced by the
older populations in those countries than in richer countries (United Nations 2019). Even
in the United States, mental health of the elderly is relatively underserved. For example,
as of 2010, there were approximately 2.6 to 4 million Americans 65 years of age or
older with a mental health or substance use disorder, yet under 1,300 practicing
geriatric psychiatrists to serve them (Eden et al. 2012). In total, mental health
expenditures account for only 1% of Medicare expenditure.

Given this, it is perhaps not surprising that there is little research on the issue of mental
health of the aging populations in poor countries. Most existing research on the
consequences of depression comes from rich countries (Brandão et al. 2018), and there
is little direct measurement of the prevalence of depression in most countries (Bromet et
al. 2011). Less than 2.7% of published research on public health in poor countries
focuses on mental health, compared to 8% in richer countries (WHO 2020 Mental
Health Atlas 2021). At the policy level, geriatric mental health is an almost non-existent
field, in part because the very limited available data severely hampers evidence-based
policymaking. Of the 528 studies that the 2019 Global Burden of Disease uses as inputs
for calculating the global burden of depression, only 17 were designed specifically to
study the elderly in low- and middle-income countries, and they cover a total of 6
countries, most of which are middle-income (China, Brazil, India, Nigeria, South Africa,
and Nepal). The state of treatment is even more dire. For example, as of 2012, Madras
Medical College was the only medical school in all of India that offered a course on
geriatric mental health (Prakash and Kukreti 2013).

This is notwithstanding the fact that the elderly population is growing rapidly in poor
countries. While still relatively small, the share of the population above 65 grew from 5%
in 2000 to 8% in 2019. The number of elderly in LMICs is projected to grow from about
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500 million in 2019 to over 1.2 billion in 2050 (United Nations World Population Ageing
2019).

Furthermore, the elderly in low- and middle-income countries appear to be particularly
vulnerable to poor mental health. In Figure 1, we use data from several LMICs and the
US to calculate the share of the population that is likely depressed, based on how many
symptoms are reported on a standard depression screening questionnaire and cutoffs
taken from existing literature. We assembled these estimates from surveys of the elderly
modeled on the (US) Health and Retirement Study.3 In our data, the incidence of
depressive symptoms among the elderly is much higher in poorer countries than it is in
the US, and it is alarmingly high indeed. In India, for example, 30% of men and 38% of
women aged 61 to 70 test positive for symptoms indicative of possible depression,
compared  to 11% of men and 14% of women aged 61 to 70 in the US.

Far from being a rich country’s problem or one that should be addressed only once
more urgent concerns have been handled, elderly mental health in poor countries is a
pressing issue, on which this paper seeks to shed light. To make this case, we first
construct and present comparable international data on mental health. Then we focus
on data from a panel survey on the elderly we conducted in Tamil Nadu, India. Finally,
discuss priorities for future research and policy action on the topic.

1. Elderly mental health in low- and middle-income countries

1.1 Creating internationally comparable measures

It is already hard to find internationally comparable data to study mental health in the
general population, and this becomes even more challenging for the elderly population.
For example, it was not until 2020 that the Gallup World Poll included a mental health
module as part of their “Wellcome Global Monitor,” which covered a total of 113
countries. The questionnaire included one item on self-reported mental health: "Have
you ever been so anxious or depressed that you could not continue your regular daily
activities as you normally would for two weeks or longer?” (Wellcome 2021). In this
data, close to one in five adults (19%) answered yes to this question. The rates in Africa
and South Asia were similar to the global average but were significantly higher in Latin
America.

While broad in its coverage, the Gallup World Poll has several limitations. First, the
interviews were all done on the phone, with a single question that has the risk of being

3 In the online appendix, we provide detailed information on how the data is constructed to ensure
comparability of the measures in the different datasets.
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understood and answered differently in different countries. Second, the question asks
about lifetime incidence of mental health problems using a single cross-section, which
limits inference about the evolution of mental distress over a lifetime. Moreover, it was
only asked at a potentially very tense time (during the pandemic).

Another dataset with an overview of global mental health comes from the Institute for
Health Metrics and Evaluation (IMHE), which produces the results on the Global Burden
of Disease (GBD). The most recent edition from 2019 estimates that mental disorders
(e.g., major depressive disorder, generalized anxiety disorder, bipolar disease, etc.)
account for 3.13% of disability-adjusted life years in low-income countries and 4.92% of
DALYs overall (IHME 2019b).

However, the GBD data also has two shortcomings that limit its usefulness for poor
countries. The first is limited coverage. Of 134 LMICs in the world, the GBD only has
data on depression for 46 of them (34%), compared to 35 of 59 HICs (59%). Further,
the sample sizes of depression studies conducted in LMICs are much smaller: we
calculate that the GBD estimates for depression for HICs were constructed using nearly
ten times as many observations per capita than for LMICs — and more than 50 times as
many as for LICs (IHME 2019a). The second is the differential quality of the underlying
data for rich and poor countries. In rich countries, many of the studies included in the
GBD database rely on clinical diagnoses from psychiatrists using lengthy structured or
semi-structured interviews like the Structured Clinical Interview for the DSM (SCID).
However, collecting clinical diagnoses for a representative sample is especially
challenging in LMICs, where psychiatrists are in short supply.4 Instead, many of the
depression measurements in the GBD input data for LMICs come from short screening
instruments such as the WHO World Health Survey from 2002–4; unfortunately, we
could not find any validation for its six-question depression module.

To construct more robust and comparable data on elderly mental health, we assess
depression prevalence with validated scales for a smaller sample of LMICs. In our
analysis we combine data from surveys of six countries (Brazil, China, Costa Rica,
India, Mexico, and South Africa) that were modeled after the Health and Retirement
Study (HRS). The HRS is an ongoing decades-long longitudinal study conducted in the
US and has become the model for a growing network of longitudinal aging studies
around the world. We include data from the 2016 wave of the United States HRS study
as a comparison for these six HRS-style surveys. We also included data from one other
survey that followed a similar template and included detailed questionnaires pertaining
to mental health: the Malawi Longitudinal Study of Families and Health (MLSFH).

4 Much of the GBD input data in rich countries uses the WHO Composite International Diagnostic
Interview (CIDI), which can be administered by laypeople with some training. It is too lengthy to be useful
for large surveys, and its accuracy is contested (Wittchen 1994; Kurdyak and Gnam 2005).
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Finally, we present data from a new panel dataset that we collected in Tamil Nadu,
which we analyze in more detail in Section 2.

To measure mental health, the HRS-style surveys use a questionnaire that falls
between the long, structured interviews like the CIDI and very short questionnaires like
the WHO survey. The surveys include a relatively short screening instrument based on
about 10 questions about recent experience of depression symptoms. Most panel
surveys of the elderly use some variation of the Center for Epidemiological Studies
Depression Scale (CES-D), which has proven accurate in validations across many
contexts, including among the elderly (see Vilagut et al. 2016, for a meta-analysis).5

Other panel surveys of the elderly instead use versions of the Geriatric Depression
Scale (GDS), which has the advantage of having been specifically designed to screen
for depression in the elderly (Yesavage et al. 1983).

To the best of our knowledge, this paper is the first to combine and analyze data from
HRS-style panel surveys across multiple countries with the goal of analyzing elderly
mental health.6 To compare depression prevalence across countries, for each country
we selected a cutoff score for the number of depression symptoms reported, above
which an individual is assessed to likely be depressed. To determine a cutoff score for
“likely depressed” at the population level, we rely on existing validation studies that
chose the optimal cutoff point to balance the sensitivity (the rate of false negatives) and
the specificity (the rate of false positives) of different cutoff points. However, a remaining
challenge is that validations find different optimal cutoff points in different settings,
making it difficult to compare depression levels across countries, even for those that use
the same test. Moreover, mental health questions are by nature sensitive to issues of
translation, interpretation, and cultural norms.

Despite the validation studies, it is important to highlight that, compared to clinical
diagnosis or even the CIDI survey, these surveys are prone to measurement errors and
may lead to an overestimate of clinical depression — which, by Bayes’ rule, is the case
when using any less-than-perfect screening test for a condition that has low prevalence

6 A few existing studies attempt to describe cross-country depression rates (Weissman et al. 1996; Simon
et al. 2002, Andrade et al. 2003; Bromet et al. 2011), including some that focus on the elderly (Kessler et
al. 2010; Guerra et al. 2016), but they only use surveys that use the same (short) depression
questionnaire (such as the WHO survey) and sidestep the issue of comparability.

5 This is different from the most well-known depression screening instrument, the PHQ-9, which has been
validated across many contexts (Moriarty et al. 2015). However, the PHQ-9 is generally avoided in
surveys of the elderly, perhaps due to its reliance on the existence of somatic symptoms (i.e., symptoms
having to do with the body), which can lead to conflating depression and old age (Balsamo et al. 2018).
Take, for example, the questions about “feeling tired” or “having trouble sleeping” — these symptoms
would be unusual in the young except in the case of depression, but are a natural result of the aging
process and are common in the elderly.
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in the population and therefore produces many more chances to produce false positives
than false negatives (Maxim, Nebo, and Utell 2014) — but they are the only procedures
that are feasible on sample size like those of the HRS. Moreover, regardless of whether
individuals tagged as “depressed” are literally clinically depressed or not, there is no
doubt that they exhibit depression symptoms that are clearly associated with low
well-being. The binary concept of “depression” does not fully capture the continuous
aspect of mental health, which should be considered as a spectrum (Patel 2019).

Notwithstanding these challenges, we selected cutoffs from the existing literature
toward the aim of making these cross-country comparisons as meaningful as possible
(see details in Appendix Table A2).

1.2 Incidence of depression among the elderly

Our first key finding is the very high rate of symptoms indicative of depression among
the elderly in poor countries relative to the US (Figure 1). In the US, around 10% of men
and 15% of women aged 55 and above are found to likely be depressed. These rates
are consistently higher in the poor countries in our sample, often by a large margin. In
the 61-70 age bracket, for example, men and women in LMICs test positive on
depression screening questionnaires at rates of 25% and 35% respectively – more than
double the rates in the US. Among the LMICs, China and Mexico tend to have the
highest prevalence of depressive symptoms, and Costa Rica and South Africa have the
lowest. India is in the middle (both in the nationally representative HRS-style survey and
in our own Tamil Nadu survey).

Two other patterns in Figure 1 deserve note. First, for almost every combination of
country and age category, depression rates are higher for women than for men, which is
consistent with higher prevalence rates of anxiety and depression among women that
have been documented in many other contexts (Salk, Hyde, and Abramson 2017).
Second, rates of depression steeply increase with age in most poor countries, while
they are more or less flat across age groups in the US.

Our data also suggests that depression remains largely undiagnosed and untreated in
many of these populations, consistent with enormous treatment gaps for depression
that have been documented in low-income settings (Thornicroft et al. 2017). In China,
for example, among those who are predicted to be depressed (approx. 35% of
respondents), only 2% of individuals have ever been diagnosed by a doctor with any
psychological condition, 1% are taking any medication for psychological conditions, and
0.3% are receiving any other type of treatment. We find similarly large treatment gaps in
our Tamil Nadu data (Table A3).
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1.3 Depression, functional abilities, and death

Existing evidence has shown that depression is strongly correlated with a substantially
worse quality of life. First and foremost, depression is a key predictor and aspect of
well-being and life satisfaction (Kahneman et al. 2004; Kahneman and Krueger 2006).
Even beyond any direct effects on well-being, depression is also associated with a host
of other adverse outcomes that may in turn impact well-being. In our discussion, we
focus on the relationship between depression and functional impairment, since a
defining feature of aging is a slow deterioration in the ability to carry out basic activities
of daily living (ADLs) such as eating, taking a bath, getting dressed, or taking a bus.

In the HRS data, the depression indicator based on the screening questionnaire is
indeed associated with strong impairments in ADLs (Figure 2 Panel A). In all countries,
the share of those reporting ADL limitations is at least double among those who show
symptoms of depression, even after controlling for gender and age,7 which are
themselves strong predictors of both depression and functional impairment (Appendix
Figure A1). For example, in China, the average depressed respondent has difficulties
with 12% of ADLs, compared to only 3% for the average non-depressed respondent.
Interestingly, the difference is largest in the US. This evidence builds on an expansive
literature documenting the correlation between depression and functional disability:
studies have identified the same trend in the US (Lyness et al. 1993), China (Tang,
Jiang, and Futatsuka 2002), and Ethiopia (Mogga et al. 2006), among other countries.
This correlation almost surely reflects a two-way causal relationship: restrictions in
ADLs likely cause depression, while at the same time, depression may lower the ability
and will to perform these activities.

Perhaps even more striking, depression symptoms are also a strong predictor of future
death, controlling for age and gender. Figure 2 Panel B uses the panel dimension of the
data to demonstrate this fact. Across both developing countries and the US, elders with
depression symptoms in the first panel wave were more likely to have died by the
second panel wave, two years later. That is, controlling for age, gender, and country,
depressed elders die sooner than non-depressed elders. For example, in Mexico, the
two-year mortality rate for those not depressed at baseline was 3%, while the mortality

7 We use linear regression to construct group averages for those who are predicted to be depressed
versus those who are not (where an individual is predicted to be depressed if their score on the
depression questionnaire surpasses the specified threshold). For the group that is not predicted to be
depressed, we take the weighted average of the outcome (a measure of functional impairment) among all
respondents who were not predicted to be depressed. For the group that is predicted to be depressed, we
add to this average the coefficient on an indicator for predicted depression from a regression of the
outcome on predicted depression, age bins, and gender. This is the same methodology we use to control
for age and gender when making other comparisons between subgroups in subsequent analysis.
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rate for the depressed increases to 5%. The excess mortality among people with
depression appears to be even larger in the US. These findings echo a literature on
excess mortality among those with depressive symptoms, both among the elderly in rich
countries (Penninx et al. 1999; Adamson et al. 2005) and the elderly in LMICs (Brandão
et al. 2018). Once again, a number of factors could explain this relationship. Depression
could be caused by poor health, which itself causes mortality. Another possibility is that
depression accelerates death by leading to withdrawal from day-to-day activities that
promote mobility and longevity in old age or even suicide (World Health Organization,
2018).

1.4 Loneliness and depression in old age

What causes depression in old age? Besides health concerns, a leading explanation in
wealthier countries is loneliness and a loss of social purpose (Cacioppo and Patrick
2009). We find that the relationship between loneliness and depression seems to hold in
poorer countries as well. In Panel A of Figure 3, we plot rates of predicted depression
by self-reported loneliness in all countries. Across all countries and age groups, rates of
depression are higher among elderly who feel lonely than among elderly who do not.
These differences are large. For example, rates of predicted depression among the
lonely in the median poor country are around 75% versus 25% for the non-lonely.

This evidence contributes to the growing literature on loneliness as a cause of
depression. For example, other longitudinal studies have demonstrated that loneliness
predicts the onset of depression with a several-year lag (Cacioppo, Hawkley, and
Thisted 2010).8 Loneliness also predicts mobility reduction and symptoms of dementia
(Luo et al. 2012; Tilvis et al. 2004), both of which are thought to be causes of
depression (Bennett and Thomas 2014; Ormel et al. 2002). And, not surprisingly,
loneliness tends to increase with age in the elderly (Cacioppo et al. 2006); as one ages,
one’s social network also ages, and deaths and disease among friends, siblings, or
spouses could cause loneliness and depression.

One might assume that the elderly in poor countries are at a lower risk of feeling lonely
than those in rich countries, because they are often assumed to live with extended
families. It is indeed more common for the elderly to live alone in wealthy regions of the
world than in poor ones. In the US and Europe, an estimated 27% and 28% of
individuals 60 and older live alone, versus 11%, 9%, and 12% in the Asia-Pacific,
Sub-Saharan Africa, and Latin America-Caribbean regions (Pew Research Center
2019). However, the number of elderly living alone in developing regions is rising as

8 Results from Luo et al. (2012) support this finding as well as a reciprocal relationship: depression also
predicts loneliness.
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fertility drops and in rural to urban migration increases with higher household income —
increasing between 1990 and 2010 from 6% to 7% in Asia, 8% to 10% in Africa, and 9%
to 13% in Latin America and the Caribbean (United Nations 2017).

Furthermore, we find that feeling lonely is far from being just a rich-country problem
(Figure 3 Panel B). The data underlying this figure come from a ‘direct measure’ of
loneliness (Pinquart and Sorensen 2001), i.e., the answer to a single question of the
form, “During the past week, did you feel lonely the majority of the time?”, which is used
in most of the HRS-inspired panel surveys.9 Notably, the elderly in the US are only in
the middle of the pack, as far as loneliness is concerned. The elderly report the highest
rates of loneliness in Mexico, where 35% of people aged 61-70 reported feeling lonely a
majority of the time. In most countries, loneliness is increasing with age and hovers
between 10% to 15% for people 50–54, and 15% to 20% for those 80 or older (except
for Tamil Nadu, which we discuss below in more detail).

While people can be lonely when living with others, elderly living alone are likely to be
particularly susceptible to loneliness, and hence to depression. However, even the
HRS-style surveys are not particularly suitable to study the elderly living alone. While
the demographic transition has increased the number of elderly living alone, the rate is
still relatively low among the countries in our sample: for example, the share of 61–70
year olds living alone ranges from 2% to 15% of respondents for both men and women,
while nearly 25% of men and 50% of women in this age group are living alone in the US
(Figure A2). To get a glimpse of what the next decades may reveal for elderly mental
and physical health, as the demographic transition increases the rate of elderly living
entirely on their own, our Tamil Nadu survey focused explicitly on this very group of
people.

2. The Tamil Nadu Aging Panel: A focus on elderly living alone

The Tamil Nadu Aging panel is the result of a cooperation between J-PAL and the
Government of Tamil Nadu, co-funded by the National Institute of Health and the
Government of Tamil Nadu. The interviews are conducted by government surveyors,
and the survey instruments were provided by the J-PAL team of researchers.
9 A downside of this measure is that it may be vulnerable to social desirability bias (due to stigma around
the world “lonely”). However the validity of alternative measures, such as the UCLA Loneliness Scale
(Russell, Peplau, and Ferguson 1978) is still subject to debate in the psychiatry literature (Mund et al.
2022), and there is a dearth of validation studies in poorer countries. Questions such as “How often do
you feel ‘in tune’ with the people around you?” may be interpreted very differently in different contexts.
Furthermore, the question on loneliness is a part of the depression screening questionnaire. To ensure
that our measures of depression and loneliness are not mechanically correlated, for this analysis we
recalculate and rescale the depression score after removing the loneliness question. More details are in
the description of Figure 3.
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To obtain a sample frame for the Tamil Nadu Aging panel, we first conducted a census
of all households in each enumeration area (typically, a village). One of the key findings
of the census was that 7% of those above 50 (and nearly 15% of the elderly aged 60
years and above) lived entirely alone (Appendix Figure A3). Unsurprisingly, most of the
elderly living alone (ELA) have been widowed (Appendix Figure A4). They tend to be
older than those living with others, and most of them are female (Appendix Figure A3).
This may be the case for two reasons: first, women tend to be younger than their
spouse, and they enjoy a longer life expectancy, leading to a much higher fraction of
females who are widows compared to the fraction among males. In our sample, for
example, 54% of women above age 60 are widows compared to only 9% of men,
consistent with a previous finding in Tamil Nadu (Sathyanarayana et al. 2014). Second,
conditional on having lost their spouse, women are more likely to live alone. In our
sample, controlling for age and widowhood, women are 21% more likely to live alone,
perhaps because women are less likely to remarry compared to men (Cleveland and
Gianturco 1976).

Why do widows not not move in with their children? We investigated this question in a
survey within our Elderly Living Alone (ELA) sample. Most of them (88%) had at least
one child. The most common reason for not living with a child, cited by 33.6% of those
surveyed, was that the elder could not live with their son-in-law — traditionally, in Indian
culture, elders live with their sons and daughters-in-law rather than with their daughters
and sons-in-law. Having difficulties with their daughter-in-law was the second most
common reason (22.2%). The third most common reason (20.3%), was not wanting to
leave home. A 2011 survey in Tamil Nadu found that approximately half of the elderly
report a preference for living independently (i.e., alone or with their spouse) over living
with their children or other relatives (Sathyanarayana et al. 2014). This shift in preferred
living arrangement is proceeding rapidly in the developing world: the proportion of
elders living independently in India increased from 9% to 19% in just over a decade
(Jadhav et al. 2013).

The relatively high fraction of ELA came as a surprise to our government partners: as
most policy makers, they assumed that most elderly widows would be taken in by their
relatives. Indeed, the eligibility rule for a social pension, which states that the person
has to be “destitute” explicitly rules out people who have an able-bodied son, assuming
that such son should be in charge of their relative. Perhaps as a result of this lack of
awareness of this phenomenon, very few government services are geared to this
population. But given the rapid demographic changes in Tamil Nadu (the fertility rate in
Tamil Nadu is now 1.8), it is very likely that this demographic group will grow, and will
need some specific policies. In consultation with the government, we therefore decided
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to oversample the population of ELA for our study – in order to better understand the
implications of living alone on health and mental health, as well as to develop and test
interventions that could be helpful to them.

2.1  Elderly living alone, isolation, and mental health

Figure 1 shows that the elderly in Tamil Nadu are, like in the other surveys in the HRS,
quite likely to be depressed. Among women, the share of elderly likely to be depressed
increases from 30% for those 55-60 years of age to 40% for those over 80.

It is perhaps unsurprising that the elderly living alone are more likely to report feeling
lonely, yet the magnitude of this difference is striking. Figure 4 shows the percent of
elders with various living arrangements who report often feeling lonely, controlling for
age and gender. The share that report feeling lonely are lowest for elders whose
household members include their spouses, hovering around 20-30%. The share that
report feeling lonely among elders who do not live with their spouses but do live with
others is higher, around 30-40%. Strikingly, the rate jumps to over 60% for the ELA.

The elderly living alone are also more likely to feel depressed. For every age and
gender, we see significantly higher rates of depression amongst the ELA than the
non-ELA (Figure 5). The ELA are also worse off on a number of other dimensions other
than their isolation. In addition to being older, they are also poorer, with lower daily
per-capita household expenditure than the non-ELA (Appendix Figure A5), lower
self-rated financial health (Appendix Figure A5), lower asset ownership (Appendix
Figure A6), and, in many respects, lower food and financial security (Appendix Figure
A6). Are these factors responsible for their poor mental health, or is there something
especially harmful about social isolation for those living alone?

The ELA are also worse off in terms of functional and cognitive impairment. A greater
percentage of ELA than non-ELA reported severe difficulty completing each of 22
activities of daily living our panel survey measured (Appendix Figure A7). Likewise, the
ELA are more likely to be cognitively impaired within every gender-age bin, with the
exception of males aged 55-60 (Appendix Figure A8).

These findings are reminiscent of Chen and Dreze (1992), who thirty years ago
examined the marginalization, poor health, and low well-being of widows in North India,
and made the point that this was an overlooked population. More recent analysis of the
elderly in India also finds the importance of living arrangement and companionship for
well-being: Srivastata et al (2021) also find that living alone and widowhood are two
highly significant predictors of poor mental health in the LASI data set in India.
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To investigate the potential role of living arrangements in affecting depression, we use
our data to study dozens of potential predictors of depression. Figure 6 presents results
from a regression of depression on several variables from our panel data. Candidate
predictors were selected using double Lasso (Urminsky et al. 2016). Our measure of
depression is the total score on the Geriatric Depression Scale—Short Form
questionnaire (GDS-SF), ranging between 0 and 15, where each symptom that is
reported by a respondent adds one to the total score so that higher scores correspond
to more severe levels of depression.

While this regression does not establish causality, it provides a picture of the kind of
factors that are most strongly associated with depression. Three features seem to
strongly predict depression more than others: physical health (as measured by ADL
limitations and falls), economic hardship (proxied by missed meals), and social isolation
(living alone). Interestingly, living alone appears to be a strong predictor, but being a
widow is not (the two are correlated, but not collinear).

Taken together, our results suggest living alone is a predictor of poor elderly mental
health and well-being. It is closely related to loneliness and depression, as well as to
poverty and physical impairment. This suggests that this population, whose very
existence seems to have been forgotten by researchers and policy makers, should be
given a key priority in research and policymaking.

3. What should be done about elderly mental health?

We are only beginning to understand the economic and psychological lives of the
elderly poor. The Tamil Nadu panel dataset has given us a unique window into the
issues faced by the elderly in a low-income context. This evidence shows high levels of
psychological distress that warrants urgent attention from policymakers and
researchers. Given the largely descriptive and correlational evidence, it is too early to
make strong policy prescriptions based on it. Rather, our evidence generates ideas and
hypotheses for different policies to help improve the psychological well-being among the
elderly. This section outlines some of these ideas, emphasizing the need to explore and
evaluate policies to better address the economic and psychological needs of the elderly
poor.

Poverty alleviation has been the key objective of many policy and research efforts in
developing countries. Thus, a natural focus has been on labor market outcomes, human
capital investments, and other ways to increase current or future earnings. In contrast,
for the elderly, these types of policies are less central since labor-market earnings are
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often low, as are returns to human capital investments. Instead, thinking more
expansively about and improving well-being directly is the key objective in and of itself.
This goal might be achieved by policies that directly target mental distress, such as
therapies for depression or psychosocial interventions to reduce loneliness. However,
our correlational evidence also suggests that policies to lower poverty and financial
strain might go a long way toward reducing depression and improving psychological
well-being more broadly (for example, via pensions).

3.1 Cash transfers and old age pensions

One insight from our descriptive analysis is that economic hardship among the elderly is
highly predictive of depression (Figure 6). This echoes a literature on the relationship
between poverty and psychological well-being, which shows that poverty lowers
psychological well-being and that the poor are disproportionately affected by
depression, anxiety, and loneliness (Haushofer and Fehr 2014; Fokkema, De Jong
Gierveld, and Dykstra 2012). One-time or more regular cash transfers have been found
to improve mental health in many settings with working-age adults (Ridley et al. 2020).
This suggests that alleviating financial hardship could also improve mental health
among elderly adults. One promising avenue to improve mental well-being for this group
would be non-contributory old-age pensions, which are becoming increasingly popular
across the world.

Alzua et al. (2020) conducted a randomized evaluation of a sustained cash transfer for
the elderly in Ethiopia. For twelve months, people above 65 who had no other means of
support received a monthly unconditional cash transfer. During the first six months, the
study found moderate improvements in the presence of depressive symptoms, and this
effect vanished within six months. They hypothesized that the anticipation of soon losing
the transfer is what might have led to the decline. This suggests cash transfers can
help, but that the permanence of pensions may be an important factor for producing
sustained improvements in elderly well-being.

Fortunately there is also growing evidence on the impacts of sustained old-age
pensions on mental well-being in developing countries. Combining age eligibility and
geographic eligibility for the pension, Salinas-Rodríguez et al. (2014) find that Mexico's
“70 y más” program (a non-conditional cash transfer of $40 USD monthly to all older
adults aged 70 and over living in rural areas) led to a reduction in depressive symptoms
as measured by the GDS. Non-contributory pensions have also been found to lead to a
reduction in elders' depression symptoms in Mexico, Peru, and Paraguay (Galiani,
Gertler, and Bando 2016; Bando, Galiani, and Gertler 2020, 2021). In China, Chen,
Wang, and Busch (2019) exploit the staggered roll out of the largest social pension
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program in the world, China’s New Rural Pension Scheme (NRPS) to evaluate its
impact on mental health and find a reduction in the incidence of depressive symptoms
among the elderly.

While this evidence is promising, more high-quality evidence on the impact of pensions
on mental health from other settings is needed. Although experiments can be difficult to
conduct and require long-term commitment only affordable by a government, the
evidence to date argues strongly in favor of extending non-contributory cash transfer
programs.

The designs of these programs raise issues similar to those of general cash transfers
and, in particular, the issue of targeting (Hanna and Olken 2018). Should they be,
reserved for the extremely poor (as they are for example in Tamil Nadu, where the
existing Old Age Pension program is in principle targeted only to the “destitute”),
universal to all age-eligible individuals, or open to nearly everyone (such as the program
in South Africa, which is open to anyone who does not already get a private pension)?
Well-targeted programs should be both sufficiently generous to recipients and fiscally
sustainable for governments.

However, one challenge with targeting is that ordeals introduced by screening can lead
to exclusion errors. Complicated screening rules are challenging for the poorest and
lead to exclusion errors even at best (Banerjee and Duflo 2019, Chapter 9). Importantly,
they may be particularly onerous for the elderly, especially those living alone, whose
limited information access, mobility, and ability to deal with paperwork is especially
limited. In Tamil Nadu for example, a non-contributory pension of Rs. 1,000 per month
($43 dollars at PPP) is currently allocated based on being “destitute”, or in high need.
Data from our census (which identified the elderly for our panel sample) suggest that
over half of those likely eligible for the pension were not receiving it. Notably, those
likely eligible but not receiving the pension looked much poorer in terms of asset
ownership than those who were receiving it. Several factors are likely to explain this
disparity. First, many of the elderly do not know how to apply or need help to apply.
Second, the definition of need is complex and somewhat open to interpretation, as it is
based on asset ownership, ability to work, and family structure.. In practice, neediness
is determined by local officials who often apply the criteria in a very stringent way, and
maybe somewhat arbitrarily. When we submitted a list of likely eligible individuals based
on the data collected by the Department of Economics and Statistics (one branch of the
government) to the pension administration (another branch of the government) for
vetting, almost no one was approved, suggesting that interventions are needed not only
to streamline the application process but also to reform the screening process.
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Given the heightened risk of perverse effects of targeting, there is a strong case for
universality or very narrow exclusion rules (e.g., if the person receives private pension).
Fiscal impact could be moderated by making the pension very small. The support
should require individuals to apply only once via an easy process but to recertify once in
a while. This would induce some self screening of those who don’t need the transfer
without excluding truly needy people if they are supported throughout the application
process. Notably, based on findings from this project, this is the policy proposed by the
Tamil Nadu Welfare department as part of the draft of the general Senior Citizen Policy.

3.2 Psychosocial interventions to reduce depression and loneliness

Treating and preventing depression. Considerable progress has been made in our
ability to treat symptoms of depression via psychotherapy and pharmacotherapy.
Cognitive behavioral therapy (CBT) and other forms of therapy effectively reduce
symptoms of depression in many settings, including for the elderly (Cuijpers et al. 2016;
Orgeta, Brede, and Livingston 2017). Similarly, pharmacotherapy has been shown to
effectively treat depression among the elderly in high-income settings (Reynolds et al.
2006; Prucker and Holthoff-Detto 2017). However, staff shortages in low-income
contexts mean that widespread therapy by trained psychiatrists and adequate treatment
with medication are not currently feasible. This challenge has sparked the recent
development of simplified forms of therapy administered by laypeople, which was found
to be effective across several low-income settings, often at a low cost (Singla et al.
2017). For instance, a non-specialist treatment involving 6 to 8 therapy sessions lead to
sizable reductions in depression symptoms for up to five years among adults in India
(Patel et al. 2017; Bhat et al. 2022).

Recent work evaluated a similar form of therapy among the elderly. In a small-scale
study in Goa, India, a six-session CBT intervention amongst elders with mild depression
symptoms lowered depression and improved some measures of physical health 12
months post baseline (Dias et al. 2019).
However, even relatively cheap therapy may still be less cost effective than cash, unless
it could be made even cheaper by mainstreaming into existing operations or
well-targeted to those who stand to benefit the most. Given the relative ease of
implementing cash transfers and the importance of understanding cost-effectiveness,
cash transfers are a natural benchmark for any other interventions and should be
included in experimental evaluations.

Another important question for the cost-effectiveness of therapy is whether it can be
designed and implemented in a way to yield sustained effects. In non-elderly
populations, some interventions have shown persistent effects for up to seven years
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(Baranov et al. 2020; Bhat et al. 2022), but among the elderly, the effects have faded
faster. This may be due to additional challenges such as impaired memory among the
elderly, suggesting the importances of regular booster sessions as in Dias et al. (2019).
In addition, sustained reductions in depression might be difficult to achieve if the
underlying cause is loneliness and there is a limited supply of social interactions. One
promising avenue of research is testing different approaches to sustain the stimulation
coming from therapy, for example by training support persons (the family, neighbors) to
provide simple booster sessions, or by integrating therapy and boosters into regular
health care checks. For example, the Tamil Nadu government has recently launched a
program of monthly home visits to all adults at risk for non-communicable diseases by a
village health volunteer, for testing and delivery of medication. To address elder mental
health, the government could expand the program to include the elderly and train the
village health workers to provide some CBT as part of their visits.

Beyond treating the currently depressed, interventions that help people to prevent future
episodes of depression could be valuable. Barker et al. (2022) find that group therapy in
Ghana reduced future depression symptoms even for people who were not depressed
at baseline but who were likely to become depressed based on baseline information.
The idea is that therapy teaches people tools that help them deal with shocks or other
triggers better, in part by understanding which activities might help improve their mood
so that they can avoid or mitigate the potential onset of future depression episodes.
Evidence from HICs shows promise in preventative interventions and suggests that
targeting at-risk individuals (e.g., ELA, widows), and encouraging the elderly to engage
in social and physical activities might be effective in preventing depression (Hoare et al.
2021; Forsman, Nordmyr, and Wahlbeck 2011; Reynolds III et al. 2012; Park, Han, and
Kang 2014).

Reducing social isolation and loneliness. The evidence we present suggests that
social isolation and loneliness may be key to the mental health of the elderly. In Tamil
Nadu, the ELA are about 140% more likely to be lonely and 55% more likely to be
depressed, suggesting that this group might warrant particular attention (e.g., by
targeting them with interventions). This also points to a potential causal effect of living
alone on psychological well-being. Because living alone is itself potentially affected by
psychological well-being and its correlates, causal evidence on the issue is highly
valuable for informing policy. As of now, little empirical evidence exists on well-powered
interventions to tackle social isolation and loneliness among the elderly in any context,
and evidence is especially sparse for low-income contexts (Masi et al. 2011).

Loneliness can be self-reinforcing by changing the way people think about and value
social interactions and by changing people’s mood, perceptions, and behavior toward
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others (Cacioppo and Patrick 2009). Even non-lonely individuals tend to routinely
underestimate the benefits of social interactions (Epley and Schroeder 2014), but for
those who are lonely, this may be an even greater issue because a baseline lack of
contact can lower their beliefs about how pleasant and interesting future conversations
might be. As a result, their demand for social interactions might be inefficiently low, thus
providing scope for interventions that foster social interactions to improve welfare even
beyond what an equivalent cash transfer would accomplish.

Many of the elderly have family members or friends with whom they could connect more
frequently (even if they do not cohabit with them). Policies to strengthen these
connections and to better equip families to support their elderly relatives could help.
One key area of concern, though, is that those family providers also need to be
supported. In particular, the burden of caring for the elderly often falls on young women.
Encouraging the family to take a greater responsibility for the mental and physical
well-being of the elderly could end up placing a large mental health tax on those young
women or inhibit their labor supply or mobility.

Therefore, other opportunities for connections outside of the family must also be
explored. In India, women typically leave their natal villages upon marriage and face
restrictions on their physical mobility once they are married. Indeed, research on the
social networks of young married women reveals high amounts of isolation (Andrew et
al. 2020). Creating opportunities to socialize with others at all ages would lower the risk
that women end up without any friends outside of their households as they age. These
opportunities to socialize can also be created for the elderly specifically, through senior
citizen clubs and activities, which are mostly absent in villages in LMICs. Some
evidence from high-income countries suggests that such activities can improve physical
and mental health, including RCTs involving activities such as dancing, hiking, or
discussion (Pitkala et al. 2009), or qigong and tai chi (Rogers, Larkey, and Keller 2009).

Even relatively light-touch interventions have been shown to improve psychological
well-being, such as providing phones (and teaching people how to use them) or phone
credit to enable increased communication in Ghana (Annan and Archibong 2021).
Similarly, employing laypeople to regularly call the elderly during the pandemic reduced
depression among the elderly (Kahlon et al. 2021). This is consistent with our cross
section analysis: having a phone and being able to use it appears to be correlated with
less depression. Such interventions could be tested on the elderly in low-income
contexts. To conduct our therapy RCT in Tamil Nadu, where the training had to happen
in a socially distanced way due to COVID-19, we delivered cell phones and trained
older people in their use. Despite the fact that many recipients had never had a phone
before, the participants used their phones extensively, and continued to do so through
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the end of the intervention. This suggests that this could be a promising intervention to
scale.

Another important idea in the loneliness literature is that increasing the supply of social
interactions on its own might not be enough to improve outcomes since a lonely person
might not be in the right mindset to take advantage of these opportunities precisely
because they are lonely (Cacioppo and Patrick 2009). This would suggest potential
added benefits of simultaneously offering interventions that increase the demand for
social interactions, such as cognitive behavioral therapy, and those that increase the
supply, compared to the two interventions in isolation.

Purpose, dignity, and dementia. An elder who was once a respected member of their
community, in charge of raising their children and making decisions in the household, or
a breadwinner of their family may feel a loss of purpose or dignity as they retire, their
children leave their homes, and their opinions are less respected or listened to. This
loss of purpose or dignity may diminish their mental health. Providing opportunities for
elders to maintain or rebuild their (perceived) ability to contribute to society could be an
important way to strengthen purpose, dignity, and thus mental health. For instance,
offering (non-elderly) refugees work has meaningful benefits for their psychosocial
well-being including reduced depression beyond the cash value of this work (Hussam et
al. 2022). Similar benefits could potentially be achieved for the elderly in low-income
contexts through interventions that involve them in child care or provide some suitable
work opportunity. Even if the productivity of the elderly were low, there may be
significant direct mental health benefits from remaining active and engaged and from
feeling a sense of purpose.

Yet another defining feature of aging is the loss of cognitive abilities, which leads to a
host of challenges. Dementia, an elderly person’s loss of cognitive functioning, may
prevent elders from performing roles they used to occupy, exacerbating the impacts of
aging on people’s sense of purpose and dignity and thus deteriorating their mental
health as well. Indeed, dementia is strongly associated with depression, both for the
elderly themselves and their caregiver in the family (Korczyn and Halperin 2009;
Cuijpers 2005), suggesting potentially large benefits from identifying and supporting
families with an elder who experiences dementia (Dias et al. 2008).

3.3 Interventions to improve physical health and activity

Measures of physical well-being among the elderly are strongly negatively correlated
with depression (Figure 2 Panel A). The causality runs, at least in part, from mental
health to physical health. This is demonstrated by the fact that our CBT experiment in
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Tamil Nadu improved functional abilities as well as mental health, as well as by existing
work. The literature also suggests that causality also runs the other way: a longitudinal
study with elders in North Carolina found that functional disability predicted increased
depression symptoms six years later, possibly via worsening self-esteem and sense of
control (Yang 2006), so there may be a role for interventions to improve elder mental
health via improvements to physical health.

Reducing physical pain and improving functional abilities. Significant physical pain
is a nearly universal experience for the elderly, including in our Tamil Nadu sample,
where 94% of respondents report at least some pain during the past week (Figure A9
Panel A). The experience of physical pain has been found to be strongly associated
with poor mental health (Von Korff and Simon 1996; Bair et al. 2003). Indeed, in the
Tamil Nadu sample, pain is associated with a higher GDS score (Figure A9 Panel B).
However, pain does not need to be an inevitable byproduct of old age, as it often can be
addressed, through the treatment of underlying health conditions (such as arthritis or
dental decay), or through psychological interventions. In the rich world, CBT for chronic
pain has shown some promise (Ehde, Dillworth, and Turner 2014).

Another key link between poor physical health and poor mental health is the
deterioration of the ability of carrying out daily activities: Older adults’ ability to see, hear
and move deteriorates as they age and this affects their ability to carry out all daily
tasks. Figure A1 shows a sharp deterioration of ADL with age, which is faster in most
developing countries as it is in the US. In Tamil Nadu, ADL limitations is the strongest
predictor of poor mental health (and the number of falls, which is closely related, comes
third). Hearing, vision, or mobility loss impede people’s ability to communicate and
socialize. Correlational evidence suggests that this may increase their sense of isolation
and deteriorate mental health (Marmamula et al. 2021), highlighting the importance of
supporting the elderly in coping with these disabilities. The first step is diagnosis. Figure
7 compares the reported versus measured prevalence of several health conditions.
Reported prevalence is measured with self-reported responses during the survey.
Measured prevalence is based on objective diagnoses based on blood tests and
physical exams conducted on a subset of the sampled population at health camps
operated by the Department of Health services. Despite nearly 40% of elders being
evaluated as hearing impaired, very few of them report suffering from hearing loss.
Similarly, 25% report having vision loss due to cataracts, whereas again over 40% have
them.

It should be a priority to provide widespread access to affordable, high-quality devices
to mitigate specific functional impairment --- like hearing aids, eyeglasses, and walkers
--- for the elderly in low-income settings. Providing eyeglasses has been shown to
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increase work productivity for non-elderly populations (Reddy et al. 2018). For the
elderly, such benefits could involve being able to leave the homes again on their own,
visit their friends, or enjoy beautiful sights, all of which may improve their mental health
(Mulrow et al. 1990; Ye et al. 2022).

Managing chronic conditions. Underlying chronic diseases form a root cause of many
of the limitations in ADL, as well as of pain, and their importance is rising fast in the
developing world: between 1990 and 2019, the percentage of disability-adjusted life
years attributed to chronic diseases increased from 18% to 31% in low SDI countries,
and from 27% to 50% in low-middle SDI countries (IMHE 2019b). For many of these
conditions, early detection and regular treatment can improve disease management and
survival rates, as well as slow down the progression of the disease to the stage where it
will cause physical limitations. However, many chronic health conditions remain
undetected: over 44% of the elderly were diagnosed with diabetes, but only 23% of
them knew it; over 63% had hypertension, but only around 19% knew it (Figure 7).

This suggests that there could be large potential from regular check-ups. Regular health
camps could be organized close to people’s homes (in fact, a policy under consideration
in Tamil Nadu is that the annual recertification for pension be done at a health camp).
For the most immobile of the elderly, another promising avenue is at-home visits from
health care workers, which may be particularly valuable for the most impaired and
vulnerable among the elderly. Tamil Nadu has recently launched a “health care at your
doorstep scheme”, wherein frontline health workers would visit everyone in the village to
diagnose chronic health conditions, and would then follow up with those diagnosed to
ensure adherence. While such schemes are promising, there is little work evaluating
their impact on physical and mental health, and none in developing countries.10 More
research could also be undertaken on how to use software on mobile phones and
cheap diagnostic tools to improve home health care. Machine learning techniques could
be used to map existing measurement of blood pressures to predict possible diagnoses
and orient towards future testing.

Once the elderly are diagnosed, it would be possible to put them on treatment plans.
However, adherence to a regular regimen of daily medication can be yet another
challenge. Adherence is an issue for everyone in developing countries, but it could be
worse for the elderly, since individuals become more prone to developing memory
issues or other cognitive impairment as they age. Also adhering to new medication
schedules may require elders to adjust long-standing routines, which may be difficult.
This suggests that there is value in developing technologies to aid, encourage, and

10 Liimatta et al. (2019) find positive impacts of home visits for adults above 75 on physical health and
depression in Finland.
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remind elderly adults in managing their medications, such as daily reminders and
specially designed pill bottles that help keep count of medications, but also in more
traditional approaches like regular home visits to supply drugs, and so on.

Encouraging physical activity and improving sleep. Among policymakers and
practitioners, there has been a long-standing hypothesis that engagement in physical
activity can be directly protective of mental health. Perhaps surprisingly, we lack
conclusive empirical evidence on whether physical activity is an effective treatment for
depression in the general population. Part of the challenge in establishing a causal
relationship from physical activity to mental health is that the reverse causal link is likely
important: people are more likely to begin and maintain regular exercise when their
mental health is better. The existing RCT evidence on the impact of encouraging
exercise on depression rates is mixed, including promising evidence with elderly
samples (Cooney et al. 2013; Nyström et al. 2015; Bigarella et al. 2022).

Regardless of any direct mental health impact, the proven benefits for physical health,
such as benefits for diabetes management (Xiao 2020), suggest that finding ways to
encourage physical activity among the elderly in developing countries would be helpful.
In non-elderly populations, small incentives to walk have been shown to be effective
(Dizon-Ross and Zucker 2022), but it is not clear that they would be appropriate in a
population with low mobility. Group activities, such as group exercise classes, could
both increase socialization and lead to some exercise. These types of activities and
their benefits for the elderly in poor countries are highly promising and merit more
careful research.

Finally, physical exercise would help with another potential driver of cognitive decline
and depression: poor sleep. The ability to sleep soundly declines substantially with age,
which has been linked to cognitive decline (Mander, Winer, and Walker 2017). Helping
older poor people sleep better may be a way to substantially improve their well-being
and mental health.11

Conclusion

Cognitive and physical decline are a defining feature of aging. But this decline in
physical and mental capacities does not need to entail a decline in well-being and
mental health. Indeed, for the world overall, previous work using Gallup and other
surveys has documented measures of happiness and well-being increasing in age for
people above 50 (Blanchflower 2020, 2021). Yet we find stark increases in depression

11 There is very little research on how to do this, especially in LMICs. CBT for insomnia has been shown
to be effective in improving sleep quality in high-income non-elderly samples (Trauer et al. 2015).
Reducing pain would also likely help.
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in several of the low- and middle-income countries for which we have data.12 As
depression is strongly correlated with poverty, living status, and physical health, this
suggests that financial means and social environments could play an important role in
determining the mental health trajectory as people age. This in turn suggests that policy
choices can strongly influence the well-being of the elderly.

The wellbeing of the elderly in poor countries has not been a top policy priority until
recently. In the 17 goals and 169 targets of sustainable development goals, the elderly
are specifically mentioned only three times, and always as part of a list including many
others: “those in vulnerable situations, women, children, persons with disabilities and
older persons”. Goal 3 (promote health) does mention non-communicable diseases and
mental health but never mentions the issue of aging.

Yet, with a growing share of older people in poor countries, improving the welfare for all
people will require paying more attention to this forgotten group. This paper has shown
that the mental health of the elderly can not be taken for granted. The elderly in poor
countries are, if anything, more likely to be depressed and lonely than those in richer
countries. This calls for a strong research and policy agenda for this group.

There is some indication that this may be happening. Noting the serious shortcoming in
policies, systems and services targeted towards the elderly, the United Nation has
called 2021-2030 the “United Nation decade of Healthy Aging”, during which there
should be “concerted global action on healthy aging ensure that older people can fulfill
their potential in dignity and equality in a healthy environment”. Researchers have a lot
to contribute to make this happen.

12 It is worth noting that Blanchflower documents a similar age U-Shaped curve in the answer to general
happiness and life satisfaction questions for many developing countries as well. But average happiness
could be increasing while more people are depressed. His work documents a decrease in depression in
the UK and Europe, but does not have data on depression in poorer countries.
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Main Figures and Tables

Figure 1: Prevalence of depression symptoms by gender, age, and country

Notes: This figure shows the share of the population that is likely to be depressed (as determined by whether the
depression index scores surpass the specified thresholds) for each age group and gender across the countries in our
sample. The data for the US uses sample averages from the Health and Retirement Study (HRS) in 2014. The data
for four other countries comes from nationally representative studies modeled after the US HRS (China, Costa Rica,
Mexico, India, and South Africa). The data for Malawi comes from another independent study (MLSFH) of the
health and well-being of older adults. Data for Tamil Nadu comes from our own study that was conducted in the
state of Tamil Nadu. When available, survey weights are used to calculate averages that are nationally representative
of older adults in each country or area.

1



Figure 2: Correlates of depression: Functional impairment and mortality by country

Notes: The left panel of the figure shows the average share of Activities of Daily Living (ADLs) for which respondents
reported having some di�culty, for those who were likely to be depressed versus those who were not. For all countries,
five of the six activities asked about were: dressing, eating, bathing, getting in and out of bed, using the toilet. For all
countries except China, the sixth activity was walking across the room. For China, the sixth activity was controlling
urination and defecation. Responses with more than two activities missing were dropped from this analysis.
The right panel shows the rate of mortality in the two-year follow-up survey, separately for the group of individuals
who were not likely depressed versus those who were likely depressed at baseline. An individual is marked as likely
to be depressed if their score on the depression questionnaire surpassed the specified threshold. For all countries,
the two waves used for comparison consist of the first (baseline) and second waves of each study, except for the US,
which uses data from the 2014 and 2016 waves (the two most recent non-COVID waves with non-missing survey
response weights). For all of the countries, the time between the first and second wave was two years. Specific dates
of the surveys can be found in Appendix Table A1. When available, survey weights are used to calculate averages
that are nationally representative of older adults in each country or area.
In both figures, for each country we control for age and gender by constructing the displayed averages in the following
way: for a given country, we first take the weighted average of the outcome for those who are not likely depressed
to construct the “Not likely depressed” average. Then, we add to this the regression coe�cient on an indicator for
whether an individual was likely to be depressed, controlling for each age bin and gender to construct the “Likely
depressed” average. These are then the two averages shown for each country, for both outcomes. Displayed are 95%
confidence intervals.
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Figure 3: Loneliness and depression by country

Notes: The left panel shows the rate of depression among respondents separately by by those who expressed feeling
lonely most or all of the time in the past week and for those who did not, controlling for age and gender. For surveys
in which self-reported loneliness is part of the depression index calculation (US, China, India, Mexico, South Africa),
we re-calculate depression scores excluding the response to the loneliness question and rescale accordingly. When
available, survey weights are used to calculate averages that are nationally representative of older adults in each
country.
For the left panel figure, for each country we control for age and gender by constructing the displayed averages in
the following way: for a given country, we first take the weighted average of the outcome for those who are not
likely depressed to construct the “Not likely depressed” average. Then, we add to this the regression coe�cient on
an indicator for whether an individual was likely depressed, controlling for each age bin and gender to construct the
“Likely depressed” average. These are then the two averages shown for each country or area. Displayed are 95%
confidence intervals.
The right panel shows the percent of individuals who reported feeling lonely across each age group and several
countries where this direct report of loneliness is available. Calculation of depression score excludes question about
loneliness and is rescaled accordingly. When applicable, averages are weighted to be nationally representative of
older adult population. The measure of loneliness comes from a question that asked respondents either whether they
felt lonely for the majority of the past week or how often they felt lonely. Respondents are marked as having felt
lonely if they responded yes to the first question or either most or all of the time to the second. For the Tamil Nadu
data, the question was worded slightly di↵erently (“Do you often feel lonely?”) but still is made in reference to the
previous week.
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Figure 4: Social interaction and loneliness for the elderly living alone in Tamil Nadu

Notes: The left panel shows the percent of elderly, by age bracket and household composition, who report often
feeling lonely as well as the percent of the elderly who are likely to be depressed (as determined by whether their
score on the depression index surpassed the specified threshold for at least mild depression).
The right panel shows the percent of elderly living with others and elderly living alone who engage in various forms
of social interaction with other individuals and their communities. “Has someone to borrow money from” refers to
a question in which respondents were asked if they had someone to borrow money from (of around Rs 500 in value)
for a day if needed. “Had conversation in last day” can refer to a conversation with any other person. “Community
leaders” can refer to o�cial or uno�cial community leaders. “Collaborate with neighbors” refers to working with
neighbors on any project. “Trusts neighbors considerably” reflects reporting that the respondent either trusted
neighbors to “a very great or great extent.” All statistics are weighted by the inverse probability with which the
various respondent types were sampled. “ELA” refers to elderly living alone.
The right panel controls for age and gender, following a similar methodology to the construction for cross-country
comparison figures. First, we pick a reference group and calculate the weighted average of the outcome for that group.
The reference group used for constructing the predicted averages in this figure is the group that is Elderly Living
with Others. Then we obtain the coe�cient for the other group (Elderly Living Alone) indicator from a regression
of the outcome variable on an indicator for the other group, along with controls for age and gender interacted.
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Figure 5: Depression rates among Tamil Nadu elderly

Notes: This figure shows the prevalence of depression symptoms among the male and female elderly living alone
(male N = 228; female N = 1,297) and elderly living with others (male N = 2,276; female N = 2,463). The Geriatric
Depression Score employed is the standard Geriatric Depression Scale - Short Form, a 15-question survey where
scores 0-4 are normal and scores � 5 are suggestive of depression. ELA refers to “elderly living alone.” Ages are
reported in age bins. All statistics are weighted by the inverse sampling probability. Ages are reported in age bins:
55-60, 61-70, 71-80, 81 and above.
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Figure 6: Predictors of depression for Tamil Nadu elderly

Notes: This figure presents coe�cients from a regression of depression on living alone and covariates selected using
double Lasso. All covariates are in standard deviation units. The measure of depression is the total score on the
Geriatric Depression Scale—Short Form questionnaire (GDS-SF), which ranges between 0 and 15, with higher values
corresponding to more severe levels of depression. Bars denote robust, 95% confidence intervals. Both the Lasso
selection and the final regression were adjusted for sampling weights.
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Figure 7: Discrepancy between health condition prevalence and awareness among the elderly

Notes: This graph shows health awareness and treatment-seeking behaviors, and discrepancies between these behav-
iors and measured disease prevalence.
To construct a measure of objective disease prevalence, we rely on the set of objective health measurements taken for
a subset of the study respondents. For arthritis, the c reactive protein level had to be greater than 3g/ml. For lung
or heart disease, the measured SPO2 had to be less than 94 or the respiratory rate greater than 18 for those without
mobility impairments or greater than 25 for those bedridden or with mobility impairments. For kidney disease, the
serum creatinine level had to be greater than 1.2 for women and greater than 1.4 for men. For hearing loss, the
medical examiner had to record any one of the following: hearing loss in either ear, failed ear exam in either ear, or
failed Rinne or Weber hearing tests. For cataracts, medical examiner had to record cataract presence in either eye
during eye exam. For diabetes, the measured level of HbA1c had to be greater than or equal to 6.5. For hypertension,
the measured systolic blood pressure exceeded 130 and/or diastolic blood pressure exceeded 80.
To construct a measure of self-reported disease prevalence we relied on questions from the surveys that asked about
whether the respondent had ever been diagnosed with a given condition. For arthritis, either respondent or proxy
had to report that the respondent was diagnosed with arthritis or a similar joint disease. For lung or heart disease,
either respondent or proxy had to report that the respondent was either: diagnosed with a heart problem; diagnosed
with chronic lung disease; or diagnosed with tuberculosis. For kidney disease, either respondent or proxy had to
report that the respondent was diagnosed with a kidney condition. For hearing loss, either respondent or proxy had
to report that the respondent has di�culty hearing or that they have been prescribed a hearing aid. For cataracts,
either respondent or proxy had to report that the respondent has been diagnosed with cataracts. For diabetes, either
respondent or proxy had to report that the respondent has been diagnosed with diabetes. For hypertension, either
respondent or proxy reports that the respondent has been diagnosed with hypertension.
All statistics are weighted by the inverse probability with which the various respondent types were sampled.
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Additional tables and figures

Table A1: Dataset overview by country
Country Survey Panel Dates Sampling Sample size Age req Depression
United
States

HRS Sixteen waves 1992-
2022

Representative
panel (plus addtl

cohorts)

12,652 51 CESD-10

Brazil ELSI One wave 2015 Nationally
representative
panel of people

aged 50+

9,412 50 CESD-8

China CHARLS Four waves 2011,
2013,
2015,
2018

Representative
panel of people
aged 45+ and

partners

17,705 45 CESD-10

Costa
Rica

CRELES Three waves for
first cohort; Two
waves for second

cohort

2005,
2007,
2009,
2010,
2012

Representative
panel of people
aged 60+, with
refreshment

sample

2,827
(cohort

1);
2,798
(cohort

2)

60
(cohort

1);
55-65
(cohort

2)

GDS-15

India LASI One wave 2017 Cohort profile 72,262 45 CIDI-SF and
CESD-10

Malawi MLSFH Seven waves
(only wave 7 has

depression
measure)

1998,
2001,
2004,
2006,
2008,
2010,
2012

Representative of
rural population
in Malawi (85%
of population)
from three

districts (Balaka,
Mchinji,
Rumphi)

1,402
(wave
7)

45 PHQ9 (wave 7)

Mexico MHAS Five waves for
cohort (plus
refreshment
samples)

2001,
2003,
2012,
2015,
2018

Representative
panel of people
aged 50+ and

partners living in
private dwellings

in rural and
urban areas

15,402 50 CESD-9, binary
indicators

South
Africa

HAALSI Two waves (third
wave in progress)

2017,
2019,
(2021)

Community
members in

Agincourt, South
Africa

5,059 40 CESD-8, binary
indicators for

Wave 1;
CESD-20,
frequency

indicators for
Wave 2

Notes: This table summarizes the datasets used in the cross-country comparison analysis in this paper. For each
country, the table lists the name of the survey, the panel structure (number of data collection waves), the dates of
the data collection rounds, the sampling frame (more detail for each country is available in the Appendix text), the
sample size of the original cohort surveyed in the baseline round of data collection, the minimum age requirement
to be in the study, as well as the questionnaire used to calculate depression symptom prevalence.
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Table A2: Depression measures overview by country
Country Measure Response Scale Cuto↵ Source Reasoning
United
States

CESD-8 Binary 0-8 4 Ste�ck (2000) Approximated
based on

guidelines in
Ste�ck (2000)

Brazil CESD-8 Binary 0-8 4 Ste�ck (2000) Based on
guidelines in
Ste�ck (2000)

China CESD-10 4-point scale 0-30 10 Chen and Fang
(2020); Andresen

et al (1994)

Based on
guidelines in
Andresen et al

(1994)
Costa
Rica

GDS-15 Binary 0-15 5 Yesavage and
Sheikh (1986)

GDS standard

India CESD-10 Binary 0-10 4 Ste�ck (2000);
Hossain et al

(2022)

Approximated
based on

guidelines in
Ste�ck (2000)

Malawi W7: PHQ9 4-point scale 0-27 5 Koehler et al
(2017)

PHQ9 standard

Mexico CESD-9 Binary 0-9 5 Torres and Wong
(2013);

Aguilar-Navarro
et al. (2007)

Validated in
clinical sample of
older Mexican

adults in
Aguilar-Navarro

et al (2007)
South
Africa

W1: CESD-8;
W2: CESD-20

W1: Binary; W2:
4-point scale

W1:
0-8;
W2:
0-60

W1: 3;
W2: 16

Turvey et al
(1999)

Based on
guidelines in
Turvey et al

(1999)

Notes: This table summarizes the methodology used to calculate predicted depression rates for each country. For
each of the depression scales used, a depression index score is assigned to each respondent based on the number of
depression symptoms reported in the questionnaire. For each survey, a cuto↵ score is chosen as the threshold above
which an individual is predicted to be depressed. The table lists the name of the survey, the questionnaire used to
calculate depression symptom prevalence, the response format (e.g. what answers the respondent could have given
in response to each question), the total range of the depression scale, the cut-o↵ score used to determine predicted
depression, the reference from the literature that was used to determine the cut-o↵, as well as an additional detail
on the reasoning for the cut-o↵ score chosen.
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Figure A1: Average functional impairment summary measure by gender, age, and country

Notes: This figure shows the average share of Activities of Daily Living (ADLs) for which respondents reported
having some di�culty for each age group and gender. For India (Tamil Nadu) data, the y-axis corresponds to
the share of activites for which the respondent reported having severe or extreme di�culty, whereas for the other
countries we report the share of activities for which the respondent reported having some di�culty (often asked as
a binary yes or no response question).

Figure A2: Share of elders living alone by age, gender, and country

Notes: This figure shows the share of elders who are living alone for each age group, gender, and country. When
available, survey weights are used to calculate averages that are nationally representative of older adults in each
country.
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Table A3: Rate of predicted depression, diagnosis, and treatment

Country Depression Pct of sample Pct ever diagnosed Pct medication Pct other treatment

China Not predicted 56.78 0.63 0.31 0.11
China Predicted 32.29 2.09 1.02 0.29

India (Tamil Nadu) Not predicted 56.4 1.4 0.2 —
India (Tamil Nadu) Predicted 35.8 3.3 0.8 —

Notes: This table compares the proportion of the population that is predicted to be depressed using the depression
questionnaires in the studies to the proportion of the population that has ever been diagnosed with any “emotional,
nervous, psychiatric problems” (including depression and anxiety, among other conditions). For the CHARLS
study of adults in China, there were also questions about whether the respondent is currently taking medication for
psychiatric conditions or receiving any psychological treatment. For the Tamil Nadu study in India, respondents
are only asked about whether they are taking medication for any “emotional, nervous, mental health, or psychiatric
problems.” Note that only those who respond yes to having ever been diagnosed with a mental health problem are
asked about whether they take medication for the problem.

Figure A3: Sample demographics of living arrangements and gender

Notes: This figure shows the fraction of elderly living alone for each age category as a share of the total population
of elderly surveyed in the census exercise (N = 43,540). The elderly population surveyed is representative of all
elderly in the state of Tamil Nadu. That is, these 43,540 were selected from a census exercise that surveyed 61,954
households across five districts in Tamil Nadu. These districts were, in turn, selected from a randomized selection
process which ensured balance by geographic location and inhabitant demographics. Within these five districts,
80 Primary Sampling Units (PSUs - villages in rural areas and blocks in urban areas) were randomly drawn. All
households in each of these 80 PSUs, in each district, comprise the 61,954-household respondent sample for the census
exercise. Elderly living alone are those elderly who are the sole resident of their household. ELA stands for “elderly
living alone.”
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Figure A4: Widowhood among the elderly living alone

Notes: This figure shows the percent of male and female elderly living alone (male N = 228; female N = 1,297)
versus elderly living with others (male N = 2,276; female N = 2,463) who are widowed at the time of the baseilne
survey. Respondents are marked as widowed based on their response to a question about their marital status. All
statistics are weighted by the inverse probability with which the various respondent types were sampled. Ages are
reported in age bins: 55-59, 61-70, 71-80, 81 and above.
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Figure A5: Poverty among the elderly living alone

Notes: This figure shows daily per-capita household expenditure and self-rated financial health, on a 1-10 scale,
for the elderly living with others (N = 4,759) and elderly living alone (N = 1,534). Daily per-capita household
expenditure is found by dividing monthly per-capita household expenditure (monthly household expenditure divided
by househould size) by thirty. The extreme and low-middle income poverty lines are the World Bank’s poverty lines;
conversions are in purchasing power parity (PPP) terms. A higher value reflects greater financial comfort: a “1”
corresponds to “extremely di�cult financial situation” while a “10” corresponds to “extremely comfortable financial
situation.”
This comparison controls for age and gender by constructing the displayed averages in the following way: for a given
activity, we first take the weighted share of individuals with severe di�culty for those who are Elderly Living with
Others. This is then the displayed group average for Elderly Living with Others. Then, we add to this the regression
coe�cient on an indicator for whether an individual was an Elderly Living Alone, controlling for each age bin, gender,
and interactions to construct the average for Elderly Living Alone.
All statistics are weighted by the inverse probability with which the various respondent types were sampled.
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Figure A6: Financial well-being among the elderly living alone

Notes: This figure shows, separately for the elderly living alone and elderly living with others, the fraction of
respondents in each group who answered a�rmatively to each question asked about various indicators of financial
insecurity and about ownership of various assets. All statistics are weighted by the inverse probability with which
the various respondent types were sampled.
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Figure A7: Functional impairment among the elderly living alone

Notes: This figure shows the percent of elderly living alone (N = 1,453) and elderly living with others (N = 4,424)
who report having severe or extreme di�culty carrying out the specified tasks independently. The 22 listed tasks
are based on the World Health Organization’s standard Activities of Daily Living (ADLs) and Instrumental ADLs.
Elderly living alone are those elderly who are the sole resident of their household.
This comparison controls for age and gender by constructing the displayed averages in the following way: for a given
activity, we first take the weighted share of individuals with severe di�culty for those who are Elderly Living with
Others. This is then the displayed group average for Elderly Living with Others. Then, we add to this the regression
coe�cient on an indicator for whether an individual was an Elderly Living Alone, controlling for each age bin, gender,
and interactions to construct the average for Elderly Living Alone.
All statistics are weighted by the inverse probability with which the various respondent types were sampled.
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Figure A8: Cognitive impairment among the elderly living alone

Notes: This figure shows the percent of male and female elderly living alone (male N = 228; female N = 1,297)
versus elderly living with others (male N = 2,276; female N = 2,463) who demonstrate severe or mild/severe cognitive
impairment by age group. Cognitive impairment is determined by responses to the Mini-Mental State Examination
(MMSE), a standard 30-item test of cognition. Cognitive impairment corresponds to 10 or more incorrect items
on the 30-item assessment. All statistics are weighted by the inverse probability with which the various respondent
types were sampled. Ages are reported in age bins: 55-59, 61-70, 71-80, 81 and above.
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Figure A9: Depression rates by self-rated pain

Notes:
This figure uses data from the follow-up wave in 2022 for the Tamil Nadu study, since respondents were not asked to
self-assess their experience of pain in the baseline survey. The question asked: In the last week, how much physical
pain would you say you have been in on a scale of 0-10, with 0 being “No Pain” and 10 being “Worst Pain possible”.
For this question, about 20 All statistics are weighted by the inverse probability with which the various respondent
types were sampled.
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VFRUH�SURSRUWLRQDOO\�VR�WKDW�LW�LV�LQWHUSUHWDEOH�DV�D�YDOXH�RXW�RI�����LQ�OLQH�ZLWK�WKH�JXLGHOLQHV
IURP�<HVDYDJH�HW�DO��������

)XQFWLRQDO�,PSDLUPHQW��DV�PHDVXUHG�E\�$FWLYLWLHV�RI�'DLO\�/LYLQJ�
5HVSRQGHQWV�ZHUH�DVNHG�WR�DVVHVV�WKHLU�GLIILFXOW\�LQ�FRPSOHWLQJ�VHYHUDO�$FWLYLWLHV�RI�'DLO\�/LYLQJ
�$'/V��RQ�D�VFDOH�IURP���WR����LQ�ZKLFK�VFRUHV�FRUUHVSRQG�WR�1R�GLIILFXOW\��0LOG�GLIILFXOW\�
0RGHUDWH�GLIILFXOW\��6HYHUH�GLIILFXOW\��DQG�([WUHPH�GLIILFXOW\�UHVSHFWLYHO\��$FWLYLWLHV�IRU�ZKLFK�WKH
UHVSRQGHQW�UHSRUWHG�6HYHUH�RU�([WUHPH�GLIILFXOW\�DUH�FODVVLILHG�DV�D�GHILFLHQW�DFWLYLW\�IRU�WKDW
UHVSRQGHQW��)RU�HDFK�UHVSRQGHQW��ZH�FDOFXODWH�D�VXPPDU\�PHDVXUH�RI�IXQFWLRQDO�LPSDLUPHQW�E\
FDOFXODWLQJ�WKH�VKDUH�RI�GHILFLHQW�DFWLYLWLHV�RXW�RI�WKH�WRWDO�VHW�RI�DFWLYLWLHV�FRQVLGHUHG�

:KLOH�ZH�DUH�DEOH�WR�FRQVWUXFW�WKLV�PHDVXUH�IRU�ERWK�PDLQ�UHVSRQGHQWV�DQG�SUR[\�UHVSRQGHQWV�
WKH�VHW�RI�DFWLYLWLHV�DVNHG�DERXW�DUH�QRW�LGHQWLFDO��7KH�VRXUFH�RI�LQFRQVLVWHQF\�FRPHV�IURP�WKH
IDFW�WKDW�WKH�SUR[\�PRGXOH�GRHV�QRW�LQFOXGH�WKH�VDPH�VHW�RI�TXHVWLRQV�DV�WKH�PDLQ�UHVSRQGHQW
V
RQH��,Q�PRVW�RI�RXU�DQDO\VLV�VSHFLILF�WR�7DPLO�1DGX��ZH�FRGH�SUR[\�UHVSRQVHV�DV�PLVVLQJ�IRU
FRPSDUDELOLW\��,Q�DQDO\VLV�IRU�FURVV�FRXQWU\�FRPSDULVRQV��ZH�IRFXV�RQ�WKH�VL[�$'/V�DVNHG�DERXW
LQ�WKH�+56�VW\OH�VXUYH\V��VHH�'HWDLOV�RQ�2WKHU�'DWDVHWV�VHFWLRQ�IRU�PRUH�GHWDLO��



7KLV�PHDVXUH�LV�DOVR�FRGHG�DV�PLVVLQJ�IRU�WKRVH�ZKR�PLVVHG�PRUH�WKDQ�WZR�TXHVWLRQV��)RU
WKRVH�ZLWK�WZR�RU�IHZHU�PLVVLQJ�TXHVWLRQV��ZH�FDOFXODWH�WKH�VKDUH�RI�GHILFLHQW�DFWLYLWLHV�RQO\�RYHU
WKH�VHW�RI�DFWLYLWLHV�IRU�ZKLFK�WKH�UHVSRQGHQW�JDYH�DQ�DQVZHU�

&RJQLWLRQ�6FRUH��006(�
)RU�D�PHDVXUH�RI�FRJQLWLYH�LPSDLUPHQW��ZH�XVH�DQ�LQYHUWHG�WUDQVIRUPDWLRQ�RI�WKH�006(�VFRUH�
ZKLFK�LV�XVXDOO\�VFRUHG�IURP���WR����ZKHUH�KLJKHU�YDOXHV�FRUUHVSRQG�WR�KLJKHU�FRJQLWLYH
IXQFWLRQLQJ��,QVWHDG��ZH�FRQVWUXFW�D�PHDVXUH�RI�FRJQLWLYH�LPSDLUPHQW�E\�VXEWUDFWLQJ�WKH�UDZ
006(�VFRUH�IURP�WKH�WRWDO�SRVVLEOH�SRLQWV�RXW�RI�����VR�WKDW�KLJKHU�YDOXHV�FRUUHVSRQG�WR�PRUH
VHYHUH�FRJQLWLYH�LPSDLUPHQW�DQG�DQ\�UHVSRQGHQW�ZLWK�D�VFRUH�DERYH�D�FHUWDLQ�WKUHVKROG�LV
FODVVLILHG�DV�KDYLQJ��$W�OHDVW�PLOG�FRJQLWLYH�LPSDLUPHQW���,Q�RXU�GDWD��ZH�SUHVHQW�WKH�VKDUH�RI
UHVSRQGHQWV�ZLWK�DW�OHDVW�PLOG�FRJQLWLYH�LPSDLUPHQW�

7KLV�YDULDEOH�LV�RQO\�DYDLODEOH�IRU�WKH�PDLQ�UHVSRQGHQWV��VLQFH�WKH�SUR[\�PRGXOH�GLGQ
W�LQFOXGH
WKLV�PHDVXUH��5HVSRQGHQWV�DOUHDG\�GLDJQRVHG�ZLWK�GHPHQWLD�DUH�LQFOXGHG�DPRQJ�WKRVH�ZKR
KDG�SUR[\�UHVSRQVHV�DQG�WKXV�GR�QRW�KDYH�D�FRJQLWLYH�LPSDLUPHQW�VFRUH�LQ�RXU�GDWD�

&DOFXODWLRQ�RI�WKH�UDZ��XQLQYHUWHG��006(�VFRUH�LV�VXFK�WKDW�UHVSRQGHQWV�FDQ�VFRUH�XS�WR���
SRVVLEOH�SRLQWV��RU����LI�WKH\�FDQ
W�VHH�RU�XVH�DW�OHDVW�RQH�KDQG��E\�VXFFHVVIXOO\�FRPSOHWLQJ�D
VHW�RI�WDVNV�RXWOLQHG�EHORZ�

7KH�PRGXOHV�WKDW�FDQ�EH�DQVZHUHG�E\�DOO�PDLQ�UHVSRQGHQWV�DUH�
Ɣ 7LPH�0RGXOH����SRLQWV
Ɣ /RFDWLRQ�0RGXOH����SRLQWV
Ɣ 5HSHDWLQJ�DQG�UHPHPEHULQJ���REMHFWV����SRLQWV
Ɣ 5HFRJQL]H�ZDWFK�DQG�SHQ��DOWHUQDWLYH�IRU�YLVXDOO\�LPSDLUHG�����SRLQWV
Ɣ 0LPLF�IDFLDO�H[SUHVVLRQ��DOWHUQDWLYH�IRU�YLVXDOO\�LPSDLUHG�����SRLQW
Ɣ 6D\�VRPHWKLQJ�DERXW�RZQ�KRXVH����SRLQW
Ɣ &RPSXWDWLRQ����SRLQWV

7KH�IROORZLQJ�PRGXOHV�FDQ�RQO\�EH�DQVZHUHG�E\�WKRVH�ZKR�FDQ���
Ɣ 8VH�DW�OHDVW�RQH�KDQG��)ROGLQJ�SDSHU����SRLQWV�
Ɣ 6HH�DQG�XVH�DW�OHDVW�RQH�KDQG��&RS\�D�GUDZLQJ����SRLQW�
Ɣ 8QFOHDU�ZKLFK�SK\VLFDO�LPSDLUPHQW�SUHYHQWV�UHVSRQGHQWV�IURP�SHUIRUPLQJ�WKLV�WDVN�EXW

WKHUH
V�D�UHVSRQVH�RSWLRQ�IRU�QRW�EHLQJ�SK\VLFDOO\�DEOH�WR�GR�LW��5HSHDWLQJ�D�VHQWHQFH���
SRLQW�

7KH�VFRUH�LV�D�VXP�RI�SRLQWV�LQ�DOO�FDVHV�EXW�WKH�WKUHVKROGV�IRU�FRQVLGHULQJ�WKDW�D�UHVSRQGHQW
KDV�DW�OHDVW�PLOG�FRJQLWLYH�LPSDLUPHQW�YDU\�E\�WKH�OHYHO�RI�SK\VLFDO�OLPLWDWLRQ�

Ɣ 1RQH����RU�PRUH�IDLOHG�DQVZHUV������RI�������7KLV�ZDV�WKH�WKUHVKROG�XVHG�IRU�WKH
SUHYLRXV�EDVHOLQH�ILJXUHV�

Ɣ )RU�WKH�UHVW��IROORZLQJ�WKH�ORJLF��XQUHDFKDEOH�SRLQWV�������RI�UHDFKDEOH�SRLQWV�



([FHSW�IRU�WKH�FDVH�LQ�ZKLFK�TXHVWLRQV�FDQ
W�EH�DQVZHUHG�E\�SK\VLFDOO\�LPSDLUHG�UHVSRQGHQWV�
DV�DJUHHG�E\�WKH�WHDP��PRVW�PLVVLQJ�YDOXHV��UHIXVHG��GRQ¶W�NQRZ��RWKHU��DUH�FRXQWLQJ�DV�QRW
EHLQJ�DEOH�WR�SHUIRUP�WKH�WDVN�

9DULDEOH�FRQVWUXFWLRQ�IRU�,QWHUQDWLRQDO�GDWDVHWV

1RWHV�IRU�LQWHUQDWLRQDO�GDWDVHWV�DQG�ILJXUHV

*HQHUDO�QRWHV�IRU�ILJXUHV
)RU�DOO�ILJXUHV��WKH�VXUYH\V�DQG�\HDUV�WKDW�WKH�GDWD�VKRZQ�FRUUHVSRQG�WR�DUH�WKH�ILUVW��EDVHOLQH�
DQG�VHFRQG�ZDYHV�DUH�DV�IROORZV��ZLWK�WKH�H[FHSWLRQ�RI�WKH�8QLWHG�6WDWHV�DQG�0DODZL��UHDVRQV
LQ�SDUHQWKHVHV��

Ɣ %UD]LO��(/6,��������RQO\�RQH�ZDYH�
Ɣ &KLQD��&+$5/6������������
Ɣ &RVWD�5LFD��&5(/(6������������
Ɣ ,QGLD��/$6,��������RQO\�RQH�ZDYH�
Ɣ 0DODZL��0/6)+��������RQO\�RQH�ZDYH�ZLWK�GHSUHVVLRQ�LQGH[�
Ɣ 0H[LFR��0+$6������������
Ɣ 6RXWK�$IULFD��+$$/6,������������
Ɣ 8QLWHG�6WDWHV��+56��������������PRVW�UHFHQW�WZR�ZDYHV�EHIRUH�&29,'����SDQGHPLF�

%UD]LO��(/6,�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�%UD]LOLDQ�/RQJLWXGLQDO�6WXG\�RI�$JLQJ��(/6,��LV�D�QDWLRQDOO\�UHSUHVHQWDWLYH�VWXG\�GHVLJQHG�WR
H[DPLQH�KHDOWK�FRQGLWLRQV�DQG�DJLQJ�SURFHVV�RI�DGXOWV�DJHG����DQG�ROGHU��,Q�OLQH�ZLWK�RWKHU
KRXVHKROG�VDPSOHV�LQ�%UD]LO��SDUWLFLSDQWV�ZHUH�VDPSOHG�IURP�WKH�JHRJUDSKLF�RSHUDWLRQDO�EDVH
RI�WKH�%UD]LOLDQ�,QVWLWXWH�RI�*HRJUDSK\�DQG�6WDWLVWLFV��,%*(���7R�REWDLQ�D�QDWLRQDOO\
UHSUHVHQWDWLYH�VDPSOH��SDUWLFLSDQWV�ZHUH�VHOHFWHG�LQ�D�PXOWL�VWDJH�SURFHVV��)LUVW��PXQLFLSDOLWLHV
ZHUH�VWUDWLILHG�LQWR�IRXU�JURXSV�GHSHQGLQJ�RQ�SRSXODWLRQ�VL]H����������LQKDELWDQWV�
������±��������LQKDELWDQWV���������±��������LQKDELWDQWV��!��������LQKDELWDQWV���)RU�WKH�ODVW
JURXS�RI�WKH�ODUJHVW�PXQLFLSDOLWLHV��ILUVW�FHQVXV�WUDFWV�ZHUH�VHOHFWHG��DQG�WKHQ�KRXVHKROGV�ZHUH
VHOHFWHG��)RU�WKH�ILUVW�WKUHH�JURXSV�RI�VPDOOHU�PXQLFLSDOLWLHV��ILUVW�PXQLFLSDOLWLHV�ZHUH�VHOHFWHG�
WKHQ�FHQVXV�WUDFWV��DQG�ILQDOO\�KRXVHKROGV��)RU�D�FKRVHQ�KRXVHKROG��DOO�UHVLGHQWV�DJHG����\HDUV
RU�ROGHU�ZHUH�HOLJLEOH�WR�EH�LQWHUYLHZHG�IRU�WKH�VWXG\�

7LPLQJ

0HDVXUH�RI�PHQWDO�KHDOWK

7KH�(/6,�VXUYH\�XVHV�D�PRGLILHG�YHUVLRQ�RI�WKH�&(6�'�TXHVWLRQQDLUH�ZLWK�HLJKW�\HV�QR
TXHVWLRQV�WKDW�HDFK�SHUWDLQ�WR�D�V\PSWRP�RI�GHSUHVVLRQ��,Q�OLQH�ZLWK�WKH�JXLGHOLQHV�SURYLGHG�E\



6WHIILFN���������RXU�DQDO\VLV�XVHV�D�FXW�RII�VFRUH�RI���WR�GHWHUPLQH�ZKHWKHU�D�UHVSRQGHQW�LV
SUHGLFWHG�WR�EH�GHSUHVVHG�

2WKHU�QRWHV

:H�FRGH�WKH�DJJUHJDWH�GHSUHVVLRQ�VFRUH�WR�PLVVLQJ�LI�WKUHH�RU�PRUH�LWHPV�RI�HLJKWC�DUH�PLVVLQJ�

&KLQD��&+$5/6�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�&KLQD�+HDOWK�DQG�5HWLUHPHQW�/RQJLWXGLQDO�6WXG\��&+$5/6��LV�D�QDWLRQDOO\�UHSUHVHQWDWLYH
SDQHO�RI�SHRSOH�DJHG����DQG�ROGHU�DQG�WKHLU�SDUWQHUV��FRYHULQJ��������UHVSRQGHQWV�LQ�WRWDO
DFURVV�IRXU�ZDYHV�

7KH�VDPSOH�ZDV�VHOHFWHG�LQ�VHYHUDO�VWDJHV��)LUVW��FRXQWLHV�ZHUH�VWUDWLILHG�E\�UHJLRQ�
FKDUDFWHULVWLF�RI�WKH�FRXQW\��XUEDQ�RU�UXUDO���DQG�SHU�FDSLWD�JURVV�GRPHVWLF�SURGXFW��*'3��DQG
VHOHFWHG�E\�SUREDELOLW\�SURSRUWLRQ�WR�VL]H��336���H[FHSW�IRU�7LEHW��6HFRQG��KRXVHKROGV�ZHUH
VHOHFWHG�ZLWKLQ�HDFK�FRXQW\�368�XVLQJ�D�&+$5/6�GHVLJQHG�PDSSLQJ�OLVWLQJ�VRIWZDUH
�&+$5/6�*,6��WKDW�XVHG�*RRJOH�(DUWK�LPDJHV�WR�OLVW�DOO�GZHOOLQJ�XQLWV�LQ�DOO�UHVLGHQWLDO
EXLOGLQJV��)LQDOO\��LI�WKH�VDPSOHG�KRXVHKROG�KDG�RFFXSDQWV�ROGHU�WKDQ�����RQO\�RQH�RI�WKHP�ZDV
UDQGRPO\�VHOHFWHG��,I�WKH�VHOHFWHG�SHUVRQ�ZDV�DJHG����RU�ROGHU��WKH\�EHFDPH�D�UHVSRQGHQW��,I
WKH�VHOHFWHG�SHUVRQ�ZDV�EHWZHHQ�DJH����DQG�����WKH\�ZHUH�UHVHUYHG�DV�D�UHIUHVKPHQW�VDPSOH�
7KH�LQVWLWXWLRQDOL]HG�HOGHUO\�DUH�QRW�VDPSOHG��H[FHSW�IRU�ZDYH���UHVSRQGHQWV�ZKR�DUH�ODWHU
LQVWLWXWLRQDOL]HG��3KLOOLSV�HW�DO�������

7LPLQJ

)RXU�ZDYHV�ZHUH�DGPLQLVWHUHG�LQ�������������������DQG������

Ɣ 7KH�LQLWLDO�VDPSOH�LQFOXGHG��������UHVSRQGHQWV�IURP��������KRXVHKROGV�LQ����
YLOODJHV�XUEDQ�FRPPXQLWLHV�LQ�����FRXQWLHV�LQ����SURYLQFHV�

Ɣ 7KH�VHFRQG�ZDYH�ZDV�FRQGXFWHG�EHWZHHQ�-XO\������DQG�-DQXDU\�������,W�LQFOXGHG�D
UHIUHVKPHQW�VDPSOH�RI�LQGLYLGXDOV�DJHV�������\HDUV�ROG�DW�:DYH���DQG�WKHLU�SDUWQHUV�

Ɣ 7KH�WKLUG�ZDYH�ZDV�FRQGXFWHG�EHWZHHQ�-XO\������DQG�-DQXDU\�������,W�LQFOXGHG�D
UHIUHVKPHQW�VDPSOH�RI�LQGLYLGXDOV�DJHG�DJHV�������\HDUV�ROG�DW�:DYH���DQG�WKHLU
SDUWQHUV�

Ɣ 7KH�IRXUWK�ZDYH�ZDV�FRQGXFWHG�EHWZHHQ�-XO\�DQG�1RYHPEHU�������,W�LLQFOXGHG�D
UHIUHVKPHQW�VDPSOH�RI�LQGLYLGXDOV�ZKR�ZHUH����\HDUV�ROG�DW�:DYH���DQG�WKHLU�SDUWQHUV�

0HDVXUH�RI�PHQWDO�KHDOWK

,QGLYLGXDOV�ZHUH�DVNHG�D����TXHVWLRQ�YHUVLRQ�RI�WKH�&(6�'��)RU�HDFK�TXHVWLRQ��UHVSRQGHQWV
FRXOG�JLYH�RQH�RI�IRXU�SRVVLEOH�UHVSRQVHV�WKDW�FKDUDFWHUL]HG�WKH�IUHTXHQF\�RI�WKH�GHSUHVVLRQ
V\PSWRP�EHLQJ�DVNHG�DERXW�LQ�WKDW�TXHVWLRQ��(DFK�TXHVWLRQ�LV�VFRUHG�IURP���WR���IURP�OHDVW�WR
PRVW�IUHTXHQW��DQG�WKH�DJJUHJDWH�&(6'����VFRUH�UDQJHV�IURP���WR�����7KH�WKUHVKROG�IRU
GHSUHVVLRQ�LV�D�VFRUH�JUHDWHU�WKDQ�RU�HTXDO�WR�����IROORZLQJ�WKH�PHWKRGRORJ\�RI�&KHQ�DQG�)DQJ
�������



2WKHU�QRWHV

&URVV�VHFWLRQDO�VDPSOH�ZHLJKWV�DUH�FRQVWUXFWHG�GLUHFWO\�IURP�VDPSOLQJ�SUREDELOLWLHV�IRU
KRXVHKROGV�DQG�LQGLYLGXDOV�

$ERXW�����RI�REVHUYDWLRQV�DUH�PLVVLQJ�&(6�'�YDOXHV���HLWKHU�GXH�WR�WKH�PDLQ�UHVSRQGHQW�QRW
EHLQJ�SUHVHQW�RU�GXH�WR�WKH�UHVSRQGHQW�UHIXVLQJ�WR�DQVZHU�VRPH�TXHVWLRQV��:H�FRGH�WKH
DJJUHJDWH�GHSUHVVLRQ�VFRUH�WR�PLVVLQJ�LI�IRXU�RU�PRUH�LWHPV�RI����DUH�PLVVLQJ�

&RVWD�5LFD��&5(/(6�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�&RVWD�5LFDQ�/RQJHYLW\�DQG�+HDOWK\�$JLQJ�6WXG\��&5(/(6��FRQVLVWV�RI�D�UHSUHVHQWDWLYH
SDQHO�RI�ROGHU�&RVWD�5LFDQV�IURP�WZR�ELUWK�FRKRUWV��7KH�ILUVW�FRKRUW�FRQVLVWV�RI�DERXW������
SHRSOH�ERUQ�LQ������RU�EHIRUH�DQG�ZDV�VXUYH\HG�RYHU�WKH�FRXUVH�RI�WKUHH�ZDYHV��3UH�����
&RKRUW���7KH�VHFRQG�FRKRUW�FRQVLVWV�RI�DERXW�������SHRSOH�DQG�ZDV�VXUYH\HG�RYHU�WKH�FRXUVH
RI�WZR�ZDYHV������������5HWLUHPHQW�&RKRUW��

7KH�VDPSOH�GHVLJQ�FRQVLVWHG�RI�WZR�VHOHFWLRQ�VWDJHV��)LUVW��D�VWUDWLILHG�UDQGRP�VHOHFWLRQ�RI
������LQGLYLGXDOV�ZHUH�FKRVHQ�IURP�WKRVH�ZKR�ZHUH����\HDUV�RI�DJH�RU�ROGHU�LQ�WKH�����
&HQVXV�RI�3RSXODWLRQ��6DPSOLQJ�VWUDWD�ZHUH�FRQVWUXFWHG�IRU�HDFK���\HDU�DJH�JURXS��DQG�ROGHU
DGXOWV�ZHUH�RYHU�VDPSOHG��H�J�����RI�WKRVH�ERUQ�����������ZHUH�FKRVHQ�ZKLOH������RI�WKRVH
ERUQ�EHIRUH������ZHUH�FKRVHQ���6HFRQG��D�VXE�VDPSOHG�VHOHFWLRQ�RI�������LQGLYLGXDOV�ZHUH
FKRVHQ�IURP����RXW�RI�����CC$UHDV�RI�+HDOWK���FRYHULQJ�����RI�&RVWD�5LFDQ�WHUULWRU\���7KH
VDPSOH�FRQVLVWV�RI�DOO�VHOHFWHG�LQGLYLGXDOV�ZKR�FRXOG�EH�ORFDWHG�DQG�LQWHUYLHZHG��5RVHUR�%L[E\
HW�DO�������

7KH�GDWDVHW�LQFOXGHV�RQH�HQWU\�SHU�LQGLYLGXDO��DQG�SHU�KRXVHKROG��VLQFH�VDPSOLQJ�ZDV�GRQH�WR
VHOHFW�DW�PRVW�RQH�LQGLYLGXDO�IURP�DQ\�JLYHQ�KRXVHKROG���'DWD�FROOHFWHG�IRU�WKH�VHFRQG�FRKRUW
�����������5HWLUHPHQW�&RKRUW��LQ�ZDYHV���DQG���DOVR�LQFOXGHV�LQIRUPDWLRQ�IURP�D�VKRUW�IRUP
TXHVWLRQQDLUH�DGPLQLVWHUHG�WR�WKH�RULJLQDO�VXEMHFW
V�VSRXVH�

7LPLQJ

)LYH�ZDYHV�ZHUH�DGPLQLVWHUHG�DFURVV�ERWK�FRKRUWV��7KH�ILUVW�FRKRUW��3UH������&RKRUW��ZDV
LQWHUYLHZHG�LQ�������������DQG�������7KH�VHFRQG�FRKRUW������������5HWLUHPHQW�&RKRUW��ZDV
LQWHUYLHZHG�LQ������DQG������

0HDVXUHV�RI�PHQWDO�KHDOWK

8QOLNH�WKH�RWKHU�+56�FRPSDWLEOH�VXUYH\V��WKH�VXUYH\�XVHV�D�VKRUW�IRUP�YHUVLRQ�RI�WKH�*HULDWULF
'HSUHVVLRQ�6FDOH��*'6��ZLWK����TXHVWLRQV�LQVWHDG�RI�D�&(6'�EDVHG�TXHVWLRQQDLUH��(DFK
TXHVWLRQ�DVNV�ZKHWKHU�WKH�UHVSRQGHQW�H[SHULHQFHG�D�V\PSWRP�IRU�WKH�PDMRULW\�RI�WKH�WLPH�LQ�WKH
SUHYLRXV�ZHHN��5HVSRQGHQWV�DUH�PDUNHG�DV�KDYLQJ�DW�OHDVW�PLOG�GHSUHVVLRQ�LI�WKH\�H[KLELW���RU
PRUH�V\PSWRPV�



7KH�*'6�TXHVWLRQQDLUH�ZDV�QRW�DGPLQLVWHUHG�WR�DSSUR[LPDWHO\�����RI�UHVSRQGHQWV�ZKR�KDG
FRJQLWLYH�LPSDLUPHQW�DQG�QHHGHG�D�SUR[\�UHVSRQGHQW�

2WKHU�QRWHV

2I�WKH�VDPSOLQJ�IUDPH������RI�LQGLYLGXDOV�ZHUH�QRW�LQWHUYLHZHG�GXH�WR�FKDQJH�RI�UHVLGHQFH�RU
QRW�EHLQJ�ORFDWHG��6HOHFWLRQ�ELDV�IURP�WKLV�VRXUFH�RI�QRQ�UDQGRPQHVV�FDQ�EH�DFFRXQWHG�IRU
XVLQJ�WKH�VXUYH\�ZHLJKWV�

:H�FRGH�WKH�DJJUHJDWH�GHSUHVVLRQ�VFRUH�WR�PLVVLQJ�LI�ILYH�RU�PRUH�LWHPV�RI����DUH�PLVVLQJ�

,QGLD��/$6,�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�/RQJLWXGLQDO�$JLQJ�6WXG\�LQ�,QGLD��/$6,��FRQVLVWV�RI�D�SDQHO�RI�LQGLYLGXDOV����\HDUV�RI�DJH
RU�ROGHU�DV�ZHOO�DV�WKHLU�VSRXVHV��7KH�GDWDVHW�LQFOXGHV�RQH�HQWU\�SHU�LQGLYLGXDO��,QGLYLGXDOV�PD\
LQFOXGHV�VSRXVHV�RI�WKH�LQLWLDOO\�WDUJHWHG�VDPSOH��DV�ZHOO�DV�DGGLWLRQDO�PHPEHUV�RI�WKH
KRXVHKROG�ZKR�DUH�DOVR�ROGHU�WKDQ����\HDUV�RI�DJH�

7KH�VDPSOH�GHVLJQ�FRQVLVWHG�RI�WKUHH�VHOHFWLRQ�VWDJHV�LQ�UXUDO�DUHDV�DQG�IRXU�VHOHFWLRQ�VWDJHV
LQ�XUEDQ�DUHDV��)LUVW��SULPDU\�VDPSOLQJ�XQLWV��368V��RI�WHKVLOV�RU�WDOXNV�ZHUH�FKRVHQ�LQ�HDFK
VWDWH��6HFRQG��YLOODJHV�ZHUH�VHOHFWHG�IURP�UXUDO�368V�DQG�ZDUGV�VHOHFWHG�IURP�XUEDQ�368V��,Q
XUEDQ�DUHDV��RQH�&HQVXV�(QXPHUDWLRQ�%ORFN��&(%��SHU�ZDUG�ZDV�FKRVHQ�LQ�WKH�WKLUG�VWDJH�
/DVW��KRXVHKROGV�ZHUH�VHOHFWHG�DPRQJ�KRXVHKROGV�ZLWK�DW�OHDVW�RQH�PHPEHU����\HDUV�RI�DJH�RU
ROGHU��$OO�LQGLYLGXDOV�ROGHU�WKDQ����\HDUV�RI�DJH�LQ�WKH�HOLJLEOH�KRXVHKROG�ZHUH�VXUYH\HG��DV�ZHOO
DV�WKHLU�VSRXVHV��UHJDUGOHVV�RI�DJH���,Q�DGGLWLRQ�WR�WKLV�VDPSOH��/$6,�RYHUVDPSOHG�LQGLYLGXDOV
���\HDUV�RI�DJH�DQG�ROGHU�IURP�DOO�VWDJHV�DQG�PDMRU�FLWLHV�

7LPLQJ

2QH�ZDYH�ZDV�DGPLQLVWHUHG�VWDUWLQJ�LQ������DQG�HQGLQJ�LQ�������$�VHFRQG�ZDYH�LV�SODQQHG
DQG�FXUUHQWO\�LQ�SURJUHVV�

0HDVXUH�RI�PHQWDO�KHDOWK

5HVSRQGHQWV�ZHUH�DVNHG�D����TXHVWLRQ�YHUVLRQ�RI�WKH�&(6�'��)RU�HDFK�TXHVWLRQ��UHVSRQGHQWV
FRXOG�JLYH�RQH�RI�IRXU�SRVVLEOH�UHVSRQVHV�WKDW�FKDUDFWHUL]HG�WKH�IUHTXHQF\�RI�WKH�GHSUHVVLRQ
V\PSWRP�EHLQJ�DVNHG�DERXW�LQ�WKDW�TXHVWLRQ��(DFK�TXHVWLRQ�LV�VFRUHG�IURP���WR���IURP�OHDVW�WR
PRVW�IUHTXHQW��DQG�WKH�DJJUHJDWH�&(6'����VFRUH�UDQJHV�IURP���WR�����7KH�UHVSRQVHV�ZHUH
DOVR�UHFRGHG�DV�ELQDU\�LQGLFDWRUV�IRU�ZKHWKHU�WKH�SDWLHQW�H[SUHVVHG�H[SHULHQFLQJ�D�V\PSWRP�IRU
DW�OHDVW�D�PDMRULW\�RI�WKH�WLPH�LQ�WKH�SUHYLRXV�ZHHN��VR�WKDW�WKH�DOWHUQDWLYH�&(6'����VFRUH
UDQJHV�IURP���WR�����7KH�WKUHVKROG�IRU�GHSUHVVLRQ�LV�D�VFRUH�JUHDWHU�WKDQ�RU�HTXDO�WR����IROORZLQJ
WKH�PHWKRGRORJ\�RI�+RVVDLQ�HW�DO��������

5HVSRQGHQWV�ZHUH�DOVR�DVNHG�DERXW�YDULRXV�LVVXHV�UHODWHG�WR�VWUHVV��)RU�H[DPSOH��WKH\�ZHUH
DVNHG�DERXW�IHHOLQJ�VDIH�IURP�FULPH�YLROHQFH��HYHQWV�FDWHJRUL]HG�DV�FRPPRQ�FKLOGKRRG
VWUHVVRUV��DV�ZHOO�DV�H[SHULHQFH�ZLWK�HYHU\GD\�GLVFULPLQDWLRQ�



2WKHU�QRWHV

:H�FRGH�WKH�DJJUHJDWH�GHSUHVVLRQ�VFRUH�WR�PLVVLQJ�LI�IRXU�RU�PRUH�LWHPV�RI����DUH�PLVVLQJ�

0DODZL��0/6)+�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�0DODZL�/RQJLWXGLQDO�6WXG\�RI�)DPLOLHV�DQG�+HDOWK��0/6)+��LV�D�SDQHO�VWXG\�WKDW�DLPV�WR
XQGHUVWDQG�WKH�IDFWRUV�DQG�FRQVHTXHQFHV�RI�+,9�$,'6�DPRQJ�DGXOWV�LQ�UXUDO�0DODZL��$GXOWV
ZHUH�VDPSOHG�IURP�WKUHH�GLVWULFWV��0FKLQML��5XPSKL��DQG�%DODND��7KH�RULJLQDO�VDPSOH�ZDV�QRW
VHOHFWHG�WR�EH�UHSUHVHQWDWLYH�RI�WKH�QDWLRQDO�UXUDO�SRSXODWLRQ�LQ�0DODZL��EXW�WKH�UHVXOWLQJ�VDPSOH
GLG�PDWFK�FORVHO\�WR�WKH�GHPRJUDSKLFV�RI�WKH�UXUDO�SRSXODWLRQ�LQ�WKH������0DODZL�'HPRJUDSKLF
DQG�+HDOWK�6XUYH\��7KLV�SDSHU�IRFXVHV�RQ�WKH������URXQG�RI�GDWD�FROOHFWLRQ��VHYHQWK�ZDYH���LQ
ZKLFK�WKH�3+4���VXUYH\�ZDV�DGPLQLVWHUHG�WR�HVWLPDWH�GHSUHVVLRQ�SUHYDOHQFH�DPRQJ
UHVSRQGHQWV�RYHU�WKH�DJH�RI����

7KH�RULJLQDO������0/6)+�WDUJHW�VDPSOH�FRQVLVWHG�RI�����ZRPHQ�LQ�HDFK�GLVWULFW�ZKR�KDG�HYHU
EHHQ�PDUULHG�DQG�ZHUH�EHWZHHQ�WKH�DJHV�RI����DQG�����DV�ZHOO�DV�WKHLU�KXVEDQGV��,Q�WZR�RI�WKH
GLVWULFWV��0FKLQML�DQG�5XPSKL���WKH�VDPSOH�ZDV�GHVLJQHG�WR�FRYHU�&HQVXV�(QXPHUDWLRQ�$UHDV
�&($V��LQFOXGHG�LQ�WKH������7UDGLWLRQDO�0HWKRGV�RI�&KLOG�6SDFLQJ�LQ�0DODZL��70&60��VXUYH\�
SOXV�D�IHZ�QHLJKERULQJ�&($V�WR�UHDFK�WKH�WDUJHWHG�����ZRPHQ��6DPSOLQJ�IUDFWLRQV�ZHUH
LQYHUVHO\�SURSRUWLRQDO�WR�YLOODJH�SRSXODWLRQ�VL]H��VXFK�WKDW�D�KLJKHU�SURSRUWLRQ�RI�HOLJLEOH�ZRPHQ
LQ�WKH�VPDOOHU�YLOODJHV�ZDV�VDPSOHG��,Q�WKH�RWKHU�GLVWULFW��%DODND���D�UDQGRP�VXEVHW�RI�WKH
YLOODJHV�ZHUH�VHOHFWHG��VWUDWLILHG�E\�WUHDWPHQW�VWDWXV�IURP�D�SULRU�VWXG\��7KHQ��D�UDQGRP���LQ��
VDPSOH�RI�ZRPHQ�RI�UHSURGXFWLYH�DJH����������DQG�WKHLU�KXVEDQGV�ZDV�WKHQ�GUDZQ�IURP�WKHVH
YLOODJHV�WR�\LHOG�D�WDUJHW�VDPSOH�RI�����ZRPHQ�DQG�WKHLU�KXVEDQGV��.RKOHU�HW�DO�������

7LPLQJ

'DWD�FROOHFWLRQ�URXQGV�RFFXUUHG�LQ�������������������������������������DQG�������7KH�LQLWLDO
VDPSOH�LQWHUYLHZHG�LQ������FRQVLVWHG�RI�PRUH�WKDQ�������ZRPHQ�DQG�QHDUO\�������RI�WKHLU
VSRXVHV�DFURVV�����YLOODJHV�

,Q�VXEVHTXHQW�ZDYHV��QHZ�VSRXVHV�RI�RULJLQDO�UHVSRQGHQWV�ZHUH�DOVR�DGGHG�WR�WKH�VWXG\�
$GGLWLRQDOO\��WKHUH�ZHUH�DGGLWLRQDO�VDPSOHV�DGGHG�LQ�������D�UHIUHVKPHQW�VDPSOH�RI����
DGROHVFHQWV��DQG�������DQ�DGGLWLRQDO�VDPSOH�RI�����SDUHQWV�RI�FXUUHQW�UHVSRQGHQWV��

0HDVXUH�RI�PHQWDO�KHDOWK

,Q�WKH�VHYHQWK�ZDYH���������WKH�3+4���VXUYH\�ZDV�DGPLQLVWHUHG�WR�UHVSRQGHQWV�WR�REWDLQ�D
PHDVXUH�RI�GHSUHVVLRQ�VHYHULW\��7KH�3+4���DVNV�UHVSRQGHQWV�D�VHULHV�RI�QLQH�TXHVWLRQV��HDFK
RI�ZKLFK�SHUWDLQLQJ�WR�D�V\PSWRP�RI�GHSUHVVLRQ�FRQVLVWHQW�ZLWK�WKH�FOLQLFDO�GLDJQRVWLF�JXLGHOLQHV
IRU�GHSUHVVLRQ��6SLW]HU�HW�DO��������)RU�HDFK�TXHVWLRQ��WKHUH�DUH�IRXU�SRVVLEOH�UHVSRQVHV�WKDW
FRUUHVSRQG�WR�WKH�IUHTXHQF\�RI�WKH�V\PSWRP�H[SHULHQFHG�LQ�WKH�SULRU�WZR�ZHHNV�



,Q�WKH�IRXUWK�WKURXJK�VHYHQWK�ZDYHV��IURP������RQZDUGV���WKH�6)����VXUYH\�ZDV�DGPLQLVWHUHG
WR�UHVSRQGHQWV�WR�REWDLQ�D�PHDVXUH�RI�JHQHUDO�KHDOWK��ZKLFK�LQFOXGHG�VHYHUDO�TXHVWLRQV�DERXW
WKH�JHQHUDO�VWDWH�RI�PHQWDO�KHDOWK�RI�WKH�UHVSRQGHQWV��)RU�H[DPSOH��UHVSRQGHQWV�ZHUH�DVNHG�WR
VHOI�DVVHVV�WKHLU�JHQHUDO�OHYHO�RI�SV\FKRORJLFDO�GLVWUHVV�DQG�ZHOO�EHLQJ�

2WKHU�QRWHV

:H�FRGH�WKH�DJJUHJDWH�GHSUHVVLRQ�VFRUH�WR�PLVVLQJ�LI�IRXU�RU�PRUH�LWHPV�RI�QLQH�DUH�PLVVLQJ�

0H[LFR��0+$6�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�0+$6�LV�D�UHSUHVHQWDWLYH�SDQHO�RI��������DGXOWV�DJHG����\HDUV�DQG�ROGHU�DQG�WKHLU
SDUWQHUV��,QGLYLGXDOV�ZHUH�VDPSOHG�DPRQJ�WKRVH�OLYLQJ�LQ�SULYDWH�GZHOOLQJV�LQ�UXUDO�DQG�XUEDQ
DUHDV�

7KH�LQLWLDO�VDPSOH�ZDV�GUDZQ�IURP�WKH������1DWLRQDO�6XUYH\�RI�(PSOR\PHQW��(1(��DPRQJ
KRXVHKROGV�ZLWK�DW�OHDVW�RQH�UHVLGHQW�DJHG����\HDUV�RU�ROGHU��+RXVHKROGV�ZHUH�FKRVHQ�WR�IURP
DOO����VWDWHV�RI�WKH�FRXQWU\��LQ�ERWK�XUEDQ�DQG�UXUDO�DUHDV��,I�WKH�KRXVHKROG�KDG�PRUH�WKDQ�RQH
DJH�HOLJLEOH�SHUVRQ��WKHQ�RQH�RI�WKHVH�ZDV�VHOHFWHG�DW�UDQGRP�WR�SDUWLFLSDWH�LQ�WKH�VWXG\��$Q\
VSRXVHV�RU�SDUWQHUV�RI�VHOHFWHG�LQGLYLGXDOV�ZHUH�DOVR�LQWHUYLHZHG�DV�SDUW�RI�WKH�VWXG\��,Q
DGGLWLRQ�WR�WKH�QDWLRQDOO\�UHSUHVHQWDWLYH�VDPSOH��KRXVHKROGV�LQ�WKH�VL[�VWDWHV�DFFRXQWLQJ�IRU�WKH
ODUJHVW�VKDUH�RI�PLJUDQWV�WR�WKH�8QLWHG�6WDWHV�ZHUH�RYHU�VDPSOHG��WKHVH�VWDWHV�DFFRXQWHG�IRU
����RI�DOO�PLJUDQWV�WR�WKH�8QLWHG�6WDWHV���0LFKDHOV�2EUHJRQ�HW�DO�������:RQJ�HW�DO�������

7LPLQJ

)RXU�ZDYHV�ZHUH�DGPLQLVWHUHG�LQ�������������������DQG������
Ɣ 7KH������EDVHOLQH�VDPSOH�FRQVLVWHG�RI��������UHVSRQGHQWV�GUDZQ�IURP�WKH������(1(

VXUYH\�
Ɣ 7KH������VXUYH\�DGGHG�DQ\�QHZ�VSRXVHV�DQG�SDUWQHUV�WR�WKH�VWXG\��DV�ZHOO�DV�LQFOXGHG

QH[W�RI�NLQG�LQWHUYLHZV�IRU�GHFHDVHG�VWXG\�VXEMHFWV�ZKR�ZHUH�RULJLQDOO\�SDUW�RI�WKH
EDVHOLQH�ZDYH�

Ɣ 7KH������VXUYH\�DGGHG�D�UHIUHVKPHQW�VDPSOH�FRQVLVWLQJ�RI�D�UHSUHVHQWDWLYH�VDPSOH�RI
WKH�SRSXODWLRQ�IURP�WKH�����������ELUWK�FRKRUW��DV�ZHOO�DV�WKHLU�VSRXVHV�DQG�SDUWQHUV
�UHJDUGOHVV�RI�WKH�VSRXVH�RU�SDUWQHU¶V�DJH����7KLV�UHIUHVKPHQW�VDPSOH�ZDV�GUDZQ�IURP
WKH������0H[LFDQ�1DWLRQDO�(PSOR\PHQW��DQG��2FFXSDWLRQ��6XUYH\���(12(��

0HDVXUH�RI�PHQWDO�KHDOWK

7KH�SULPDU\�PHDVXUHV�RI�PHQWDO�KHDOWK�LQ�WKH�0+$6�FRUUHVSRQG�WR�D�VKRUWHQHG�&(6�'
TXHVWLRQQDLUH�FRQVLVWLQJ�RI�QLQH�TXHVWLRQV��)RU�HDFK�RI�WKH�QLQH�TXHVWLRQV��WKH�GDWD�UHFRUGV
ZKHWKHU�SDUWLFLSDQWV�IHOW�D�SDUWLFXODU�V\PSWRP�IRU�DW�OHDVW�D�PDMRULW\�RI�WKH�WLPH�LQ�WKH�SUHYLRXV
ZHHN��IHOW�GHSUHVVHG��IHOW�HYHU\WKLQJ�ZDV�DQ�HIIRUW��KDG�UHVWOHVV�VOHHS��GLG�QRW�IHHO�KDSS\��IHOW
DORQH��GLG�QRW�HQMR\�OLIH��IHOW�VDG��IHOW�WLUHG��DQG�GLG�QRW�IHHO�IXOO�RI�HQHUJ\�



7R�DJJUHJDWH�WKHVH�LQGLFDWRUV�LQWR�RQH�PHDVXUH��WKH�PRGLILHG�&(6�'�VFRUH�LV�D�YDULDEOH�WKDW
HTXDOV�WKH�VXP�RI�WKHVH�QLQH�LQGLFDWRUV��UDQJLQJ�IURP���WR���

2WKHU�QRWHV

7KH�0+$6�KRXVHKROG�ZHLJKWV�DUH�EDVHG�RQ�WKH�VDPSOH�GHVLJQ�DQG�VDPSOH�VHOHFWLRQ�FULWHULD�
DQG�WKH�FDOLEUDWLRQ�YDULDEOHV�RI�DOO�FRPPXQLW\�GZHOOLQJ�KRXVHKROGV�ZLWK�DW�OHDVW�RQH�UHVLGHQW���
\HDUV�RU�ROGHU��EDVHG�RQ�WKH�KRXVHKROG�FRPSRVLWLRQ��DQG�WKH�SODFH�RI�UHVLGHQFH��XUEDQ�DQG
UXUDO�DUHDV��DQG�JHRJUDSKLF�DUHDV�

:H�FRGH�WKH�DJJUHJDWH�GHSUHVVLRQ�VFRUH�WR�PLVVLQJ�LI�IRXU�RU�PRUH�LWHPV�RI�QLQH�DUH�PLVVLQJ�

6RXWK�$IULFD��+$$/6,�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�+$$/6,�LV�D�VWXG\�ZLWK�D�JRDO�RI�XQGHUVWDQGLQJ�WKH�GULYHUV�DQG�FRQVHTXHQFHV�RI
QRQ�FRPPXQLFDEOH�GLVHDVHV�DQG�+,9�DPRQJ�WKH�DJLQJ�SRSXODWLRQ�LQ�$JLQFRXUW��6RXWK�$IULFD�
ZLWK�D�SDUWLFXODU�IRFXV�RQ�ORQJLWXGLQDO�RXWFRPHV��%HUNPDQ��������7KH�RULJLQDO�EDVHOLQH�VDPSOH
FRQVLVWHG�RI�������SHRSOH�PHQ�DQG�ZRPHQ�DJHG����DQG�ROGHU�OLYLQJ�LQ�$JLQFRXUW��*RPH]�2OLYH
HW�DO�������

7LPLQJ

'DWD�FROOHFWLRQ�RFFXUUHG�LQ������DQG������

0HDVXUH�RI�PHQWDO�KHDOWK

,Q�WKH������EDVHOLQH�ZDYH�RI�WKH�VXUYH\��WKH�GHSUHVVLRQ�TXHVWLRQQDLUH�XVHG�ZDV�WKH�&(6'��
ZLWK�ELQDU\�UHVSRQVHV�WR�HDFK�TXHVWLRQ�WKDW�LQGLFDWHG�ZKHWKHU�WKH�UHVSRQGHQW�H[SHULHQFHG�D
SDUWLFXODU�V\PSWRP�IRU�DW�OHDVW�D�PDMRULW\�RI�WKH�WLPH�LQ�WKH�SDVW�ZHHN��,Q�WKH������VHFRQG�ZDYH
RI�WKH�VXUYH\��WKH�GHSUHVVLRQ�TXHVWLRQQDLUH�XVHG�ZDV�WKH�IXOO�&(6'����TXHVWLRQQDLUH��ZLWK
IUHTXHQF\�UHVSRQVHV�WR�HDFK�TXHVWLRQ�WKDW�FRUUHVSRQGHG�WR�KRZ�IUHTXHQWO\�WKH�UHVSRQGHQW
H[SHULHQFHG�D�V\PSWRP�IRU�WKH�SDVW�ZHHN�

2WKHU�QRWHV

)RU�DQDO\VLV�RI�WKH�EDVHOLQH�ZDYH��WKH�HVWLPDWHV�DUH�DOO�XQZHLJKWHG��DV�WKH�VXUYH\�ZDV�QRW
LQWHQGHG�WR�EH�QDWLRQDOO\�UHSUHVHQWDWLYH��)RU�DQDO\VLV�RI�WKH�VHFRQG�ZDYH��WKH�REVHUYDWLRQV
ZHUH�ZHLJKWHG�WR�DFFRXQW�IRU�DWWULWLRQ�DQG�PRUWDOLW\�IURP�WKH�EDVHOLQH�ZDYH��DFFRUGLQJ�WR�WKH
SURGXFW�RI�WZR�VXUYH\�ZHLJKWV��)LUVW�WKH�LQYHUVH�LPSUREDELOLW\�ZHLJKW�DFFRXQWV�IRU�UHVSRQGHQW
DWWULWLRQ��6HFRQG��WKH�LQYHUVH�LPSUREDELOLW\�ZHLJKW�DFFRXQWV�IRU�UHVSRQGHQW�PRUWDOLW\��,Q�HDFK�RI
WKHVH�UHVSRQGHQWV�ZHUH�ZHLJKWHG�XS�DQG�GRZQ�EDVHG�XSRQ�DJH��VH[��DQG�RWKHU�IDFWRUV�



8QLWHG�6WDWHV��+56�

3RSXODWLRQ�DQG�6DPSOLQJ�GHVLJQ

7KH�+56�LV�D�ORQJVWDQGLQJ�QDWLRQDOO\�UHSUHVHQWDWLYH�SDQHO�RI�ROGHU�DGXOWV�LQ�WKH�8QLWHG�6WDWHV
WKDW�KDV�EHHQ�RQJRLQJ�VLQFH�������ZLWK�GDWD�FROOHFWLRQ�URXQGV�RFFXUULQJ�HYHU\�WZR�\HDUV��)RU
WKH�DQDO\VLV�LQ�WKLV�SDSHU��ZH�IRFXV�RQ�GDWD�IURP������DQG�������ZKLFK�DUH�WKH�WZR�PRVW�UHFHQW
URXQGV�RI�GDWD�FROOHFWLRQ�WKDW�SUHFHGHG�WKH�&29,'����SDQGHPLF��)RU�DOO�WKH�FURVV�FRXQWU\
FRPSDULVRQV��ZH�FRPSDUH�VWDWLVWLFV�IURP�WKH�EDVHOLQH�ZDYHV�RI�RWKHU�FRXQWULHV�WR�WKH�����
ZDYH�RI�WKH�+56��7KH������ZDYH�RI�WKH�+56�FRQVLVWV�RI�RYHU��������LQGLYLGXDOV�LQ�WRWDO�DFURVV
D�QXPEHU�RI�UHIUHVKPHQW�VDPSOHV��DV�ZHOO�DV�WKH�RULJLQDO�VWXG\�SRSXODWLRQ��6RQQHJD�HW�DO�������

7LPLQJ

'DWD�FROOHFWLRQ�URXQGV�RFFXUUHG�HYHU\�WZR�\HDUV�VLQFH�������,Q�WKLV�DQDO\VLV��ZH�IRFXV�RQ�GDWD
IURP�WKH������DQG������ZDYHV�

0HDVXUH�RI�PHQWDO�KHDOWK

7KH�GHSUHVVLRQ�TXHVWLRQQDLUH�XVHG�ZDV�WKH�&(6'���ZLWK�ELQDU\�UHVSRQVHV�WR�HDFK�TXHVWLRQ
WKDW�LQGLFDWHG�ZKHWKHU�WKH�UHVSRQGHQW�H[SHULHQFHG�D�SDUWLFXODU�V\PSWRP�IRU�DW�OHDVW�D�PDMRULW\
RI�WKH�WLPH�LQ�WKH�SDVW�ZHHN��7KH�WRWDO�VFRUH�UDQJHV�IURP���WR����ZKHUH�DQ�DIILUPDWLYH�UHVSRQVH
WR�HDFK�TXHVWLRQ�DGGV�RQH�SRLQW�WR�WKH�WRWDO�VFRUH�

2WKHU�QRWHV

:H�FRGH�WKH�DJJUHJDWH�GHSUHVVLRQ�VFRUH�WR�PLVVLQJ�LI�WKUHH�RU�PRUH�LWHPV�RI�HLJKW�DUH�PLVVLQJ�


