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Abstract

Background: Income poverty is known to be associated with poor health outcomes. However, the poverty line,
which is used to calculate the poverty rate, is arbitrarily set without specific reference to health. This study explored
the health-relevant poverty line to understand poverty in terms of population health.

Methods: Using repeated cross-sectional data from approximately 663,000 individuals obtained from 11 waves of
nationwide population surveys conducted in Japan from 1986 to 2016, we used two methods to calculate a health-
relevant poverty line: (1) We searched for a poverty line that maximized the proportion-weighted relative
underperformance in health among individuals whose income was below the poverty line (Method I). (2) We
searched for a poverty line that maximized the likelihood of the logistic regression model to explain poverty in
terms of health using a binary variable for below-the-poverty-line income (Method II). For both methods, we
considered five health outcomes: Poor/fair and poor self-rated health, subjective symptoms, problems with daily life
activities, and psychological distress, along with covariates.

Results: Methods I and II indicated that the health-relevant poverty line should be drawn, respectively, at 72–86%
and 67–69% of median income; this level is somewhat higher than the conventional 50% or 60%.

Conclusions: The results suggest that there is a risk that the conventionally defined poverty line may
underestimate poverty in terms of population health.
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Introduction
It is well-known that socioeconomic status is closely as-
sociated with health. Among other types of poverty, pov-
erty in terms of income has been found to have an
adverse impact on health [1–5]. Lower income tends to
reduce one’s opportunity to purchase what is needed for
good health, such as sufficient quantities of high-quality
food and health care [6, 7]. Lower income is also associ-
ated with higher odds of behavioral risk factors including
smoking, obesity, and physical inactivity [8–10]. In
addition, other social risk factors mediate the association
between income and health. For instance, low-income
individuals tend to have lower educational attainment
and less social capital and reside in less affluent

neighborhoods [11, 12]. All these factors are likely to
negatively impact health.
Hence, measuring the overall degree of income pov-

erty is of great importance for assessing the extent to
which a population’s health is exposed to income-related
risks. At the same time, poor health can contribute to
low income by limiting an individual’s ability to work
and reducing economic opportunities [13]. This two-way
causation between income and health also suggests the
need for health-related measures to address the issue of
income poverty in society as a whole. In addition, an in-
creasing number of studies have investigated the associ-
ation between income inequality in society as a whole
and individual health [14–17], increasing the relevance
of the poverty rate, which is closely related to income in-
equality, for public health.
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However, the poverty rate is not entirely based on
rigorous health considerations. When poverty is mea-
sured in relative terms—that is, defined as a lack of abil-
ity to access goods and services that are regarded as
customary or the norm in any given country—the pov-
erty line is usually considered to be 50% or 60% of the
total population’s median household income [18, 19].
However, this threshold is more or less arbitrarily
chosen and lacks any theoretical rationale. The same is
true of the poverty rate, which is calculated based on the
poverty line. Hence, we cannot rule out the possibility
that the conventionally defined poverty rate may under
or overestimate the degree of poverty in terms of health
for society overall. To address income disparities in
terms of health, both the poverty line and rate must be
considered as they relate to health.
This study explored the “health-relevant” poverty line,

which can roughly but effectively capture the degree of
poverty in terms of a population’s health, using repeated
cross-sectional data obtained from 11-wave population-
based surveys conducted in Japan. We sought a poverty
line that could most effectively divide the population
into healthier individuals and less healthy ones. A pov-
erty line that is too low may fail to capture individuals
whose income is above the poverty threshold but are
nevertheless as unhealthy as those below the line. A pov-
erty line that is too high may also be ineffective in meas-
uring population health because too many healthy
individuals may fall below the line. Because there is no
theory from which to derive the health-relevant poverty
line, we employed two reasonable and easily operated
statistical methods.
We utilized the data from Japan, a country, whose

poverty rate is now in the highest tertile among OECD
member nations [19] and found that the poverty rate in
2015 for income after taxes and transfers based on the
50% poverty line was 15.7%. In addition, an increasing
proportion of non-regular employees points to the risk
of higher exposure to lower income as well as unstable
employment status [20]. Hence, the question of how
health risks are linked to income poverty is now of great
concern for the nation as a whole. Since our methods
can be applied to all countries and societies, the current
study’s findings are expected to provide new insight into
income disparity in terms of health, a key issue to be ad-
dressed in public health policy.

Methods
Study sample
We utilized a dataset obtained from the Comprehensive
Survey of Living Conditions (CSLC), a nationwide
population-based survey conducted by the Japanese
Government’s Ministry of Health, Labour and Welfare.
The CSLC, conducted since 1986, comprises an annual

household survey and a triennial health and income/sav-
ings survey. The CSLC samples are selected nationwide
using a two-stage random sampling procedure. First,
about 5400 districts are selected randomly from about
940,000 national census districts. Second, about 290,000
households are selected randomly from the selected dis-
trict, according to population size. The response rate
ranged from 77.6% (in 2016) to 95.7% (in 1986), and the
valid sample rate (available only since 1995) ranged from
77.5% (in 2016) to 89.6% (in 1995). We used the data
collected from each of the 11 waves that the CSLC con-
ducted from 1986 to 2016 and restricted the study sam-
ple to individuals aged 15–89 years. After excluding
respondents missing essential information, we utilized
the data of 663,273 individuals (314,182 men and 349,
091 women).
We obtained the CSLC data with permission from the

MHLW. The CSLC was authorized by the Ministry of
Internal Affairs and Communications, which is in charge
of all government surveys in Japan, from the statistical,
legal, ethical, and other viewpoints in accordance with
the Statistics Law in Japan. Hence, ethics approval was
not required for the current study.

Measures
We focused on household income as an income variable.
To adjust for household size, we divided the reported
household income by the square root of the number of
family members. This adjustment was based on recent
publications by the OECD [21–23]. The income data
were based on the income and tax records for one year
prior to each survey year.
Five health outcomes were considered in this study: (i)

poor/fair self-rated health (SRH), (ii) poor SRH, (iii) sub-
jective symptoms, (iv) problems in the activities of daily
life (ADL), and (v) psychological distress. Regarding
SRH, the CSLC asked respondents, “What is your
current health status? Is it excellent, very good, good,
fair, or poor?” We constructed two types of binary vari-
ables for SRH: (i) 1 was allocated to fair or poor, while 0
was allocated to otherwise; or (ii) 1 was allocated to poor
and 0 to otherwise.
As for subjective symptoms, the survey asked, “Have

you been feeling ill due to sickness or injury for the past
few days?” We constructed a binary variable for “having
any subjective symptoms,” allocating 1 to those who an-
swered “yes”; otherwise, 0 was allocated. Regarding ADL
problems, the survey asked, “Do your health problems
have any impact on the activities of your daily life?” We
then constructed a binary variable for “having any ADL
problems.” We allocated 1 to those who answered “yes”;
otherwise, 0 was allocated.
To measure psychological distress, we employed Kess-

ler 6 (K6) scores [24, 25]. First, we obtained the

Oshio International Journal for Equity in Health          (2019) 18:205 Page 2 of 9



respondents’ assessments of psychological distress using
a six-item psychological distress questionnaire—“During
the past 30 days, approximately how often did you feel
a) nervous, b) hopeless, c) restless or fidgety, d) so de-
pressed that nothing could cheer you up, e) that every-
thing required effort, and f) worthless?” Responses were
rated on a 5-point scale (0 = not at all to 4 = all of the
time). We then calculated the sum of the reported scores
(range: 0–24) and defined it as the “K6 score,” with
higher scores reflecting higher levels of psychological
distress. The Cronbach’s alpha in this study sample was
0.963. We then constructed a binary variable for psycho-
logical distress to which we allocated a “1″ for K6 scores
≥13, which indicates serious mental disorder in the Japa-
nese sample [26]. The SRH and subjective symptom data
were available for the entirety of the 11 waves, while
those for ADL problems and psychological distress were
only available for 1989–2016 and 2007.

Analytic strategy
We employed two methods (Methods I and II) to con-
struct the health-relevant poverty line, based on the me-
dian income calculated in each survey year. Method I
searched for a poverty line that maximized the
proportion-weighted relative underperformance in
health among individuals whose income was below the
poverty line using the aggregated data. Method II
searched for a poverty line that maximized the likelihood
of the logistic regression model to explain poverty in
terms of health using a binary variable for below-the-
poverty-line income using micro data.
In Method I, we first drew the poverty line at x × 100%

of median income, and then calculated p(x), the propor-
tion of individuals in the entire population whose in-
come was below this poverty line. We also calculated
m(x), the proportion of those with the poor health out-
come (such as poor SRH) among those below the pov-
erty line. In the same way, we calculated the proportion
of those with poor health outcomes in the entire popula-
tion and denoted it as m. It was reasonable to predict
that m(x) would be higher than m, assuming that health
is positively related to income. We then searched for the
value of x that maximized p(x)[m(x)–m], the proportion-
weighted relative underperformance in health among in-
dividuals with below-the-poverty-line income, by grad-
ually increasing the value of x from 0 at intervals of 0.01.
We predicted that while a higher value of x would raise
the proportion of individuals below the poverty line, it
would reduce those individuals’ relative underperform-
ance in health. We defined the poverty line correspond-
ing to the value of x that maximized the product of
these opposing effects as the most health-relevant pov-
erty line.

In Method II, we first drew the poverty line at x ×
100% of median income and constructed a binary vari-
able of below-the-poverty-line income, and then for each
x we estimated a logistic regression model for how well
the binary variable explains the poorer health outcome
for below-the-poverty-line income. We hypothesized
that a higher value of the estimated odds ratio (OR) for
the poorer health outcome for below-the-poverty-line
income could indicate a higher relevance of the poverty
line, but a higher standard error of the estimated OR
would reduce the model’s reliability. To consider both
factors, we focused on the likelihood (i.e., goodness of
fit) of the regression model and defined the poverty line
to correspond to the value of x that maximizes the (log-
transformed) likelihood as the most health-relevant. We
searched for it by gradually raising the value of x from
zero, as with Method I.
In all regression models, we included a set of covari-

ates for gender (female), 15 age groups (aged between 15
and 19 and 85–89 years), and 11 survey waves (1986–
2016), all of which were constructed as binary variables.
Because the number of explanatory variables was the
same for all regression models, the assessment based on
the likelihood was equivalent to that based on the
Akaike information criteria. To assess the robustness of
the health-relevant poverty lines derived from the entire
population, for both Methods I and II we compared the
results between men and women as well as the young
(aged 15–64 years) and old (65–89). For the statistical
analysis, we used the Stata software package (Release
15).

Results
Table 1 presents the basic sample structure. For the en-
tire sample, the poverty rate was 14.3 and 20.1% for the
50 and 60% poverty lines, respectively. One-third of the
respondents reported subjective symptoms, slightly more
than 10% reported poor/fair SRH and ADL problems,
and less than 5% reported poor SRH and psychological
distress. Table 2 summarizes the evolution of median in-
come, the poverty lines, and poverty rates during the 11
waves. Over 20 years, the poverty rates fell in the range
of 12.0 and 16.1% (for the 50% poverty line) and 17.9
and 22.0% (for the 60% poverty line).
To illustrate the results of Method I, Fig. 1 presents

how the proportion-weighted relative underperformance
in health among individuals with below-the-poverty-line
income (p(x)[m(x)–m]) corresponded to the poverty line
(x) for each health outcome. Each curve has a single
peak—while the curve for psychological distress dis-
played some minor peaks to the right of the apex—
meaning that each health outcome had a single, most
health-relevant poverty line. In the legends, the figures
in brackets indicate the value of x that maximizes
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p(x)[m(x)–m], showing that the most health-relevant
poverty line corresponded to 72–86% of median income.
Poor SRH and psychological distress have flatter curves
than the others because, as seen in Table 1, these two
outcomes had lower prevalence.

As an example of Method II, Fig. 2 shows how the log
likelihood and OR of the poor health outcome corre-
sponded to the poverty line in the case of poor/fair SRH.
With an increase in x from zero, the OR rose over 1.3
when x = 0.1; peaked at 1.38 when x = 0.51; and, there-
after, declined gradually until x reached around 1.5. It is
noteworthy that a very low poverty line (x < 0.1) led to a
relatively low OR; this was probably because such a pov-
erty line failed to capture poor-health individuals whose
income was above the poverty line but still relatively
low. A rise in the poverty line for x > 1.5 made the OR
curve turn around, but the limited upturn suggests no
substantial difference in health between individuals
below and above the poverty line.
The log likelihood curve also showed clearer kurtosis

with a peak at x = 0.67, which was somewhat higher than
where the OR curve peaked at 0.51. At this peak, the OR
was equal to 1.36, slightly lower than its peak of 1.38.
This means that the regression model’s goodness of fit
could be increased by raising the poverty line—that is,
increasing the proportion of individuals categorized as
poor—with only a modest reduction in the OR of the
poor health outcome. We could depict similar figures
for the other health outcomes as well; the log-likelihood
curves peaked at a somewhat higher poverty line (with a
higher value of x) than those of the ORs, and did not
show a substantial decline in the OR from its peak.
Table 3 compares the health-relevant poverty lines ob-

tained using these two methods as well as the poverty
rates and prevalence of the poor health outcome—that
is, the proportion of individuals who reported poor
health outcome—below and above the poverty line. For
reference, this table includes the results for the two types
of conventionally defined poverty lines (x = 0.5 and 0.6).
The health-relevant poverty lines obtained by Methods I

Table 1 Key features of the study sample

All Men Women

N in each survey year 1986 76,927 36,573 40,354

1989 90,643 43,174 47,469

1992 84,429 39,907 44,522

1995 74,605 35,462 39,143

1998 65,910 31,391 34,519

2001 65,803 31,066 34,737

2004 43,095 20,321 22,774

2007 42,127 19,941 22,186

2010 40,225 18,940 21,285

2013 42,481 19,906 22,575

2016 37,028 17,501 19,527

Total 663,273 314,182 349,091

Age (years) M 48.1 47.3 48.8

SD (18.8) (18.4) (19.0)

Proposition (%)

Poverty rate (for 50% poverty line) 14.3 12.8 15.6

Poverty rate (for 60% poverty line) 20.1 18.4 21.7

Poor/fair SRH 13.0 12.2 13.8

Poor SRH 1.5 1.5 1.5

Subjective symptom 33.6 30.8 36.1

ADL problem (1989–2016) 11.8 11.3 12.3

Psychological distress (2007–2016) 4.0 3.5 4.5

Note. aself-rated health. bactivities of daily life

Table 2 Conventionally defined poverty lines and poverty rates: 1986–2016

Survey
yeara

Median income Poverty line Poverty rate Poverty line Poverty rate

(annual, million JPY) (0.50 × median income) (%) (0.60 ×median income) (%)

1986 2.15 1.08 12.0 1.29 17.9

1989 2.27 1.14 13.2 1.36 19.5

1992 2.70 1.35 13.4 1.62 19.8

1995 2.89 1.44 13.8 1.73 19.9

1998 2.97 1.49 14.6 1.78 20.6

2001 2.72 1.36 15.4 1.63 21.5

2004 2.60 1.30 14.9 1.56 20.8

2007 2.53 1.27 15.7 1.52 21.7

2010 2.49 1.25 16.0 1.50 22.0

2013 2.44 1.22 16.1 1.46 21.9

2016 2.44 1.22 15.6 1.47 21.6
aIncome data were reported one year prior to survey years
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and II corresponded, respectively, to 72–86% and 67–
69% of median income, somewhat higher than the con-
ventional figure of 50% or 60%. Accordingly, the propor-
tion of individuals whose income was below the poverty
line was 28–38% and 24–31% for Methods I and II, re-
spectively, exceeding the levels corresponding to the
conventionally defined poverty lines (around 14% for
x = 0.50 and 20% for x = 0.60). We also observed that for
all health outcomes the poverty lines obtained in Model
I were somewhat higher than those in Model II, leading
to higher poverty rates.
For each of the five health outcomes, below (A) and

above (B) the poverty line, Table 3 also demonstrates
the prevalence difference’s (A – B) sensitivity for poor
health outcomes. For instance, the prevalence of poor/
fair SRH was 15.8 and 11.3% below and above the pov-
erty line in Method I. The difference in prevalence, 4.5
percentage points, was smaller than the 5.9 or 5.4 per-
centage points given for the conventionally defined pov-
erty line. However, the reduction was relatively small
compared to the increase in the poverty rate (from
14.1% or 19.9 to 38.0%). This is even truer of Method II,
in which the poverty rate rose only to 24.4% and the dif-
ference in prevalence only declined to 5.2%. We

obtained almost the same results for the other health
outcomes.
Finally, we calculated the health-relevant poverty rates

separately for men and women as well as the young
(aged 15–64 years) and old (65–89). Table 4 summarizes
the results. We found no substantial differences between
men and women except for psychological distress, for
which the poverty line was somewhat higher among
men. Among the old, the poverty line was somewhat
higher except for psychological distress, which revealed
the opposite pattern. However, these differences were
modest in all cases, underscoring the robustness of the
health-relevant poverty line obtained from the entire
sample. We also found that the poverty lines obtained in
Model I were somewhat higher than those in Model II
for all categories except old individuals, repeating the
similar pattern observed for the entire sample reported
in Table 3.

Discussion
This study explored the health-relevant poverty line
using two methods and a large dataset obtained from
nationwide population surveys in Japan. To estimate the
health-relevant poverty line, we explored two methods.

Fig. 1 Proportion-weighted relative underperformance in health among individuals with below-the-poverty-line income (p(x)[m(x) – m])a. Note. a

The figures in the brackets in the legend indicate the value of x that maximizes p(x)[m(x)–m]

Oshio International Journal for Equity in Health          (2019) 18:205 Page 5 of 9



Using aggregated data, Method I searched for a poverty
line that maximized the proportion-weighted relative
underperformance in health among individuals with
below-the-poverty-line income. Method II used micro-
data to search for a poverty line that maximized the like-
lihood of the logistic regression model to explain
poverty in terms of health using a binary variable of
below-the-poverty-line income. The key findings are
summarized as follows.
First, the results showed that the health-relevant pov-

erty line should be somewhat higher than the conven-
tionally defined line. Specifically, Methods I and II
showed that the health-relevant poverty line should be
drawn, respectively, at 72–86% and 67–69% of median
income, higher than the conventional definition of 50%
or 60%. Correspondingly, the poverty rate calculated
using the health-relevant poverty line exceeded the con-
ventional one. For the poverty rates, Methods I and II
obtained 28–38% and 24–31%, respectively, exceeding
the poverty levels that correspond to the conventionally
defined poverty line.
Second, raising the poverty line from the convention-

ally defined line to the health-relevant one could in-
crease the poverty rate without a substantial reduction

in the relative underperformance in health among indi-
viduals who are living below the poverty line. In general,
there may be a trade-off between the poverty line and
relative underperformance in health; as the poverty line
rises, the poverty rate rises while relative underperform-
ance in health declines. However, we observed that the
relative underperformance in health was not highly sen-
sitive to a rise in the poverty line unless the health-
relevant poverty line was too far from the conventional
one.
Third, the health-relevant poverty line obtained for the

entire population was largely applicable when the popu-
lation was divided into men/women and young/old. For
each demographic group, we obtained a result for the
health-relevant poverty line that was not far from that of
the entire population.
Lastly, looking more closely at the results, we found

that the health-relevant poverty lines obtained in Model
I tended to be somewhat higher than those obtained in
Model II. A possible reason for this difference between
the two models can be explained as follows. In Model II,
a rise in the poverty line from a sufficiently high level
will directly reduce the likelihood of the model. In
Model I, by contrast, a rise in the poverty line from a

Fig. 2 Log likelihood and odds ratio (OR) of poor/fair SRHa. Note. a self-rated health. The figures in the brackets in the legends indicate the values
of x that maximize each
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sufficiently high level will not much reduce the relative
underperformance in health among the below-the-
poverty-line individuals (m(x)–m). This effect, which
does not hold in Model II, is likely to make the
proportion-weighted value (p(x)[m(x)–m]) peak at a
higher x than in Model II. It should be noted, however,
that the health-relevant poverty lines were not much dif-
ferent between the two models, although the results in
Model I, which used the aggregated data, may not be
free from the effects of the ecological fallacy. This is
probably because both models captured a trade-off be-
tween the poverty line and relative underperformance in
health among the below-the-poverty-line individuals.
Combined, these results suggest that the health-

relevant poverty line should be drawn at a level some-
what higher than the conventionally defined poverty line.
In other words, the results point to a risk that the con-
ventional poverty line may underestimate the degree of
poverty in terms of population health. Considering that
we obtained very similar health-relevant poverty lines
for men/women as well as young/old, we can also argue
that a single health-relevant poverty line should be used
to capture the extent of poverty in the population’s over-
all health.

We acknowledge that the current study had several
limitations. First, we should be cautious about any
generalization of this study’s observations, because all
health outcomes used were self-reported and because we
only used data from the Japanese population. Self-
reported outcomes are not free from measurement er-
rors and are likely to be affected by individual attributes,
both observed and unobserved. In addition, the esti-
mated level of the health-relevant poverty line and its
comparison with conventional poverty lines must differ
from country to country as a result of different national
socioeconomic and institutional backgrounds.
Second, we addressed poverty in relative terms, impli-

citly assuming that lack of an ability to access the goods
and services that are regarded as customary or the norm
in any given country may cause health to deteriorate.
This “relative poverty” approach is consistent with the
view that health is associated with relative income
deprivation [27, 28]. Indeed, one study has even demon-
strated that mortality has a closer association with rela-
tive than absolute poverty [29]. However, the “absolute
poverty” approach, which focuses on an absolute mini-
mum income threshold necessary for survival, also may
be useful, especially in developing countries. Even in

Table 3 Estimated poverty lines, poverty rates, and prevalence of poor health outcome

Health outcome Poverty line Poverty
rate (%)

Prevalence (%) of poor health outcome

(×
median
incomea)

Below the Above the Differenced

poverty line (A) poverty line (B) (A – B)

Poor/fair SRHb Conventionally defined 0.50 14.1 18.1 12.2 5.9

(N = 633,258) 0.60 19.9 17.4 11.9 5.4

Method I 0.86 38.0 15.8 11.3 4.5

Method II 0.67 24.4 17.0 11.8 5.2

Poor SRH Conventionally defined 0.50 14.1 2.7 1.3 1.4

(N = 633,258) 0.60 19.9 2.5 1.2 1.3

Method I 0.84 36.5 2.2 1.1 1.1

Method II 0.68 25.1 2.4 1.1 1.3

Subjective symptom Conventionally defined 0.50 14.3 39.1 32.7 6.4

(N = 633,258) 0.60 20.1 38.3 32.4 5.9

Method I 0.86 38.3 36.7 31.6 5.1

Method II 0.76 30.9 37.4 31.9 5.5

ADLc problem Conventionally defined 0.50 14.3 16.7 11.0 5.7

(N = 559,269) 0.60 20.1 16.0 10.8 5.2

Method I 0.86 38.0 14.5 10.2 4.3

Method II 0.68 25.2 15.6 10.5 5.0

Psychological distress Conventionally defined 0.50 14.9 6.1 3.7 2.4

(N = 139,132) 0.60 20.5 5.9 3.5 2.4

Method I 0.72 28.1 5.6 3.4 2.2

Method II 0.69 26.1 5.7 3.4 2.3

Note. acalculated in each year. bself-rated health. cactivities of daily life. dthe maximum values for each health outcome are underlined
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advanced countries, another approach can be applied;
for instance, the poverty line can be semi-normatively
set at the household income level at which a healthy
standard of living can be realistically achieved through
diet, nutrition, and other factors [30]. These approaches
must be complementary to the relative poverty approach
taken in this study.
Third, we focused exclusively on poverty in terms of

income, ignoring other aspects. Health has been found
to be associated with multidimensional poverty, which
incorporates deprivations in not only income but also
other aspects of life such as educational background,
residential conditions, and safety nets [31, 32]. In
addition, future research should consider the possible
confounding effects on the association between income
poverty and health, as already pointed out by preceding
studies [33–35]. In addition, future research should con-
sider possible confounding effects on the association

between income poverty and health, as already pointed
out in preceding studies [33–35].

Conclusions
We presented two methods for constructing the health-
relevant poverty line. Both methods suggest that the
health-relevant poverty line in Japan should be drawn at
a level somewhat higher than the conventional poverty
line. We believe that this study’s observations provide
new insights into income disparities in terms of popula-
tion health. Furthermore, the two methods presented
here point to a need for further research to elucidate the
degree of poverty in terms of income as well as other so-
cioeconomic factors with specific reference to health.
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