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Study purpose: Whether or not socioeconomic status (SES)-related differences in the health
of hemodialysis patients differ by age, period, and birth cohort remains unclear. We examined
whether SES-related gaps in physical and mental health change with age, period, and birth
cohort for hemodialysis patients.
Methods: Data were obtained from repeated cross-sectional surveys conducted in 1996, 2001,
2006, and 2011, with members of a national patients’ association as participants. We used raking
adjustment to create a database which had similar characteristics to the total sample of dialysis
patients in Japan. SES was assessed using family size-adjusted income levels. We divided patients
into three groups based on their income levels: below the first quartile, over the second quartile
and under the third quartile, and over the fourth quartile. We used the number of dialysis complications as a physical health indicator and depressive symptoms as a mental health indicator.
We used a cross-classified random-effects model that estimated fixed effects of age categories
and period as level-1 factors, and random effects of birth cohort as level-2 factors.
Results: Relative risk of dialysis complications in respondents below the first quartile compared
with ones over the fourth quartile was reduced in age categories >60 years. Mean differences
in depressive symptoms between respondents below the first quartile and ones over the fourth
quartile peaked in the 50- to 59-year-old age group, and were reduced in age groups >60 years.
In addition, mean differences varied across periods, widening from 1996 to 2006. There were
no significant birth cohort effects on income differences for dialysis complications or depressive
symptoms.
Conclusion: The number of dialysis complications and depressive symptoms in dialysis
patients were affected by income differences, and the degree of these differences changed with
age category and period.
Keywords: complications, depressive symptoms, cross classified random effects model, income
status, raking adjustment
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In many studies, socioeconomic status (SES) has been identified as an important factor
associated with differences in appearance and onset of kidney diseases or lower levels
of kidney function.1–9 As presented in a review by Beaulieu and Levin,10 four studies of
chronic kidney disease outcome have demonstrated an inverse relationship between SES
and chronic kidney disease, supporting a significant association between low SES and
kidney disease. SES is associated with the incidence/prevalence of end-stage kidney
disease (ESKD) and also influences a wide range of health indicators in patients with
ESKD and who are undergoing dialysis. Studies using quality-of-life (QOL) i ndicators
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as outcome measures show a strong relation between higher
SES and increased scores on some dimensions of a QOL
scale.11–14 Higher SES is related to lower depression and
higher levels of activities of daily living in patients with
ESKD and undergoing dialysis.15,16 In addition, lower SES of
patients with ESKD and undergoing dialysis is significantly
related to higher death rate.17,18 The reasons why lower SES
has a negative effect on health indicators in patients with
ESKD and undergoing dialysis may involve fewer personal
resources and lower levels of social support to deal with
stress imposed by ESKD and dialysis.12,19 Few studies have
examined differences in the effects of SES by age, period, and
cohort in patients with ESKD and undergoing dialysis. Age
effects represent the effects on an outcome of differences in
the ages of the respondents at the time of observation. Period
effects reflect differences in the time periods of observations
or measurement of the outcome. Cohort effects indicate differences according to year of birth or some other shared life
event for a set of respondents.20 Time trends (period effects)
of incidence and prevalence of ESKD have been observed
using the patient registration in Japan,21 in Australia and
New Zealand,22 in Canada,23 and in the US and European
countries.24,25 Time trends in health indictors, mainly mortality of patients undergoing dialysis over time, have also
been examined. Some research has shown improvements in
survival over time,26–29 although a few studies have revealed
no mortality differences over time.30 However, it remains
unclear whether or not influences of SES on health indicators in patients with ESKD and undergoing dialysis change
over time. Dalstra et al31 adduce reasons why such studies are
important. First, findings about the widening or decreasing
of SES-related health gaps can contribute to the setting of
priorities in the public health field, to better understanding
of such gaps, and to the prediction of future trends related
to these health gaps. Second, knowledge about changes in
SES-related health gaps over time can assist in the evaluation
of policies aimed at reducing these gaps. Dalstra et al also
note the importance of studies of time trends in SES-related
health gaps in patients with ESKD and undergoing dialysis.
SES has been identified as a strong social determinant
of health in the general population in both developed and
developing countries.32–34 People with higher status are likely
to have better physical and mental health as well as extended
longevity. However, there is debate about the consistency of
the relationship between SES and health. Differences in the
effects of SES by age, period, and cohort have been explored.
In the context of aging and life course, some studies have
shown narrowing of SES-related health gaps in later life,
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while others have demonstrated constant or widening SESrelated health gaps.35 In general, it remains uncertain whether
health gaps narrow, remain stable, or widen over time. In the
few articles published in the past 10 years, increases31,36–40
and decreases, as well as stability,41–44 of SES-related health
differences over time have all been reported. Thus, research
on time trends remains inconclusive. Similarly, few studies
have examined cohort effects, but strong cohort variations
in SES-related health gaps across successive cohorts have
been observed.45,46
The present study examines whether SES-related gaps
in physical and mental health change with age, period, and
cohort for patients undergoing hemodialysis.

Subjects and methods
Data
We analyzed repeated cross-sectional data collected in
1996, 2001, 2006, and 2011 from members of the Japan
Association of Kidney Disease Patients. The surveys were
collaboratively conducted by the Japan Association of Kidney
Disease Patients and the Japanese Hemodialysis Physicians
Association.
The respondents included in the present study were not
a representative sample of all dialysis patients in Japan.
Almost all members of the Association are undergoing
hemodialysis. The members in the Association represented
53.4% of the total number of patients undergoing dialysis in
Japan in 1996.47 The participation rate decreased over time.
The participation rate at the time of the most recent survey
(in 2011) was 32.4%.48
The respondents were selected by systematic sampling
of one person for about every ten persons on a member list
of the Association. Two groups of subjects responded to the
survey. The first group was composed of patients undergoing
hemodialysis, and the second group comprised the dialysis
physicians of the first group. Board members of the Patients
Association in each prefecture distributed questionnaires to
dialysis physicians whose patients had been selected as part
of the survey sample. The questionnaire contained medical-, psychological-, and socioeconomic-related a ssessment
items. After the dialysis physicians completed the medical questions, they distributed the questionnaires to the
patients. After the patients answered the psychological- and
socioeconomic-related questions, they returned the questionnaires to the board members in each prefecture. The
response rates were 85.0% for the 1996 survey, 86.9% for
the 2001 survey, 83.7% for the 2006 survey, and 78.0% for
the 2011 survey.
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The total number of respondents was 32,209 (6,905 in
1996, 8,549 in 2001, 8,971 in 2006, and 7,784 in 2011).

Measures
We used dialysis complications as a measurement of physical health. Because hemodialysis can lead to dysfunctions in
several organ systems,49 we asked dialysis physicians about
the presence of infection and complications in eight organ
systems: circulatory, digestive, neural/mental, articular/muscular, infection, ophthalmologic, blood, and dermatologic. We
also assessed intradialytic complications. Most incidences of
intradialytic complications have been prevented by improvements in hemodialysis technology. However, improving
patients’ motivation and education, which are known to be
strongly influenced by SES, and emphasizing the need to
restrict dietary sodium intake are also known to be important
for reducing intradialytic complications, such as hypertension, which constitutes the majority of such complications.50
In this study, the indicator of dialysis-related complications
was calculated by adding an extra point if respondents had
intradialytic complications to the number of organ systems
having complications.
We used depressive symptoms as a mental health indicator. Depressive symptoms are associated with increased
risk of mortality and hospitalization in patients undergoing
dialysis.51 Depressive symptoms were assessed using a short
version of the Center for Epidemiologic Studies-Depression
(CES-D) scale developed by Kohout et al.52,53 The original
CES-D was developed by Radloff.54 He examined reliability
and validity of this scale. Among hemodialysis patients,
higher CES-D scores are related to higher all-cause mortality, hospitalization, and withdrawal.55 In addition, it has
been found that the CES-D’s factorial composition is highly
similar across the various physical illness groups, including
hemodialysis patients.56 These studies show that the CES-D
is an appropriate scale to measure depressive symptoms as
opposed to a screen for major depressive episodes. Information used to assess depressive symptoms was obtained from
the patient questionnaire. The reliability coefficients of the
short CES-D scale in each survey year were 0.680 in 1996,
0.767 in 2001, 0.772 in 2006, and 0.766 in 2011. In this study,
clinical laboratory test indicators, such as Kt/V, hematocrit
level, and albumin level, were not included as health measures. Although our data included clinical laboratory test
results, there were no clinical laboratory test data that were
commonly available across all four surveys.
Household income was used as an indicator of SES.
Our database involved only household annual income as an
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i ndicator of SES. In Japan and in Western countries, household income of the general population has been frequently
used as an indicator of SES, and it has been reported as
having a significant effect on health.57–59 We assessed SES by
using the family size-adjusted income, by dividing household
income by the square root of household size. Eight income
levels were used to assess household income. Family sizeadjusted income was calculated by adjusting the midpoints
to each income category. We divided respondents into three
groups by income levels. The lowest income level included
people under the first quartile of income, the middle income
level included people within the second and third quartiles,
and the highest income level included those over the fourth
quartile. Respondents were divided into three groups by
income levels in each survey because the average income of
respondents differed across survey times. We currently lack
a “gold standard” measure of income indicators for analyzing
health gaps by income. Some studies have used quartile of
income as such an indicator.60–62 Relative risks are calculated
by specifying the fourth quartile as the reference category.
Individual variables used as covariates were sex, period
of dialysis, and primary cause of kidney disease. Period was
determined by survey years from 1991 to 2011. The cohort
was determined by parsing the sample into 5-year birth
cohorts ranging from 1915–1919 to 1975–1980 (only the
last cohort was 6 years). These cohorts were defined by their
midpoint; for example, the 1942 cohort included individuals
born between 1940 and 1944. It was difficult to accurately
estimate cohort patterns related to health differences before
1915, or after 1980, due to small effective sample sizes.
The number of respondents eligible for cohort analysis
was 32,103. Among the eligible respondents, those without
missing values were 80.7%; 11.1% had missing values related
to adjusted income. We added cases with missing values in
the income variable through creating a “no answer” category
to prevent significant reduction of the number of cases which
we could analyze. As a result, of the eligible respondents,
data from 28,561 respondents (89.0%) were analyzed. Cases
which were excluded from analysis were more likely to be
older, female, have a shorter period of hemodialysis, have
higher depressive symptoms, have more complications,
have a lower adjusted income, or have a lower percentage of
glomerulonephritis as the primary cause of kidney disease,
compared to those without missing values.

Statistical analysis
Respondent characteristics were compared with those of all
patients undergoing dialysis in Japan in order to examine
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p ossible sampling bias. Data of all patients undergoing dialysis were obtained from an annual national statistical survey
of dialysis facilities conducted by the Japanese Society for
Dialysis Therapy, with a response rate of 99.0%. However,
distributions of characteristics for each kind of dialysis
treatment were not calculated. The percentages cited were
calculated using the total number of patients undergoing
dialysis in Japan in the denominator because over 20 years,
patients undergoing hemodialysis represented >95% of the
patients undergoing dialysis.
As Table 1 indicates, we compared distributions of age,
sex, cause of renal disease, and duration of dialysis between
the total population and the respondents for each of the four
surveys from 1996 to 2011. In terms of the 2011 survey,63
the percentage of respondents >70 years (25.3%) was lower
than that among the total number of patients (43.6%). The
percentage of males among the respondents was 55.2%,
relatively lower than the percentage among the total patients
(62.6%). In our sample, chronic glomerulonephritis was
the leading cause of kidney disease (48.6%), and diabetic
nephropathy was the second leading cause (21.4%). Among
all patients, the leading causes of kidney disease were diabetic nephropathy (40.0%) and chronic glomerulonephritis
(37.9%). The percentage of people who had been undergoing dialysis for <5 years was lower (23.7%) than that of
total patients (47.8%). Similar differences in age, sex, cause
of renal disease, and duration of dialysis between the total
population and respondents appeared in each of the 1996,
2001, and 2006 surveys.64–66 This pattern suggests concerns
about the representativeness of the present sample.

We used a weighing technique to create a data set
which was similar to the characteristics of all patients. Cell
weighting is typically used. Using cell weighting, we need
to calculate a cell weight score for each cell classified by
all possible combinations of the weighting variables. For
example, when we use age (five categories) and cause of
renal diseases (three categories) as the weighting variables,
we need to calculate a weight score for each of the 15 cells
classified according to the five age categories and three
causes of renal disease. That is, it is required that the total
data be available for each cell, classified by all weighing
variables. As we used four weighing variables (as described
later) in this study, we needed the total dialysis patient
data available for each cell, classified by the four weighting variables. However, we could not obtain such data for
each survey year. Raking adjustment is an alternative to
cell weighting.67 Raking adjustment is an iterative proportion procedure that performs cell-by-cell adjustments over
the various univariate distributions to make the weighted
sample cells match known marginal totals. This process is
repeated iteratively until there is convergence between the
weighted sample and known marginal totals. Using raking
adjustment, we only need the marginal distribution of each
weighing variable among the population. We could obtain
the marginal distributions of the four weighing variables in
the total dialysis patients, age, sex, cause of renal disease,
and duration of dialysis, for each of the four surveys. Raking adjustment was conducted for each of the four survey
data sets from 1996 to 2011. We used SPSSINC_RAKE
provided in the Python extension commands as a raking

Table 1 Differences in characteristics between studied analytic sample and total dialysis patients in Japan during each survey year
Characteristics
Age categories (years)

Sex
Cause of renal disease

Duration of dialysis
(years)

≤39
40–49
50–59
60–69
≥70
Male
Female
Chronic glomerulonephritis
Diabetic nephropathy
Others
<5
5–9
10–14
>15

Totalc

1996

2001

2006

2011

Samplea Totalb

Samplea Totalb

Samplea Totalb

Samplea Totalb

9.5
26.4
30.5
24.9
8.7
56.4
43.6
64.6
10.7
24.7
32.0
27.9
18.8
21.2
100.0

6.1
16.7
35.5
28.9
12.8
55.8
44.2
59.6
13.3
27.1
30.3
27.1
16.7
26.0
100.0

3.6
10.4
33.1
34.8
18.1
54.9
45.1
55.1
16.5
28.4
24.2
27.1
18.7
30.0
100.0

2.0
8.9
22.3
41.6
25.3
55.2
44.8
48.6
21.4
30.0
23.7
24.4
18.8
33.1
100.0

7.7
17.9
25.1
27.6
21.7
59.4
40.6
59.9
23.4
16.7
54.3
22.9
12.1
10.7
100.0

5.7
10.8
25.5
28.9
29.1
60.0
40.0
52.6
28.8
18.6
51.6
24.3
11.5
12.6
100.0

4.1
7.8
22.7
28.4
37.0
61.2
38.8
45.4
34.7
19.9
49.8
24.9
12.1
13.2
100.0

2.8
7.2
15.5
30.8
43.6
62.6
37.4
40.0
37.9
22.1
47.8
25.3
12.7
14.2
100.0

Notes: aSample means analytic sample in each survey conducted in 1996, 2001, 2006, and 2011. bTotal means total dialysis patients in Japan in 1996, 2001, 2006, and
2011. Data were obtained from an annual national statistical survey of dialysis facilities conducted by the Japanese Society for Dialysis Therapy. cTotal percentages for each
characteristic were calculated by exclusion of cases including “unknown” variables.
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technique68 that functioned on the IBM SPSS Statistics
processor (IBM Corporation, Armonk, NY, USA) to
calculate the weights.
In disentangling the effects of age, period, and cohort
by conventional linear regression models using aggregate
population data, a model identification problem arises from
the complete linear dependency among the three predictor
variables. To address this type of problem, Yang and Land20
proposed a hierarchical age–period–cohort (HAPC) modeling approach that uses individual-level data and a multilevel
modeling framework. Access to individual-level observations
is possible to identify fixed-effect models by the creation of
different time intervals among age, period, and/or cohort, and
also by the addition of quadratic age effects into the equations. Moreover, as cohort effects arise from differences in life
conditions and experiences over the life course of cohorts, and
as period effects arise from temporal or sequential changes
in life conditions and circumstances that basically have an
equal impact on all cohorts, it is possible to conclude that
people who are in the same cohort, or same survey year, are
indeed embedded in the same social historical context. As a
result, in the HAPC model, respondents are simultaneously
influenced by two higher level social historical contexts
defined by the time period and cohort, which are randomly
modeled.20 We basically adopted a HAPC model, specifically,
a cross-classified random-effects two-level model (CCREM).
We treated period as a level-1 factor because the number of
periods in this study was relatively few and estimation of random effects of period as level-2 factors is relatively difficult.
We entered age categories composed of 10-year age ranges,
including a category <39 and a category >70. In addition, we
entered interaction terms not only between income quartiles
and age categories, but also between income categories and
period, as level-1 factors to examine the effects of age and
period on the income differences for dialysis complications
and depressive symptoms. We also added cross-level interaction terms between income quartiles as level-1 factors
and cohorts as level-2 factors to examine a potential cohort
effect on the income differences for both health indicators.
Sex, cause of renal disease, and duration of dialysis were
entered as covariates.
Analyses were conducted using mixed-effect regression
models included in GLIMMIX Procedure, SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). We analyzed based on a negative binominal distribution the number of dialysis complications because these data were countable. Countable data were
analyzed based on a Poisson distribution. This study used a
negative binominal distribution to escape biased standard
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errors due to over-dispersed count data. In terms of depressive
symptoms, we used generalized mixed models for normally
distributed responses. Income differences for a number of
dialysis complications were evaluated as relative risk, calculated by dividing the number of dialysis complications in the
group below the first quartile by that in the group over the
fourth quartile. In CCREM, relative risks were calculated by
natural log returns of group coefficients below the first quartile
by setting up the group over the fourth quartile as a reference
category. Income differences for depressive symptoms were
evaluated using mean differences. They were calculated by
subtracting depressive symptom scores in the group below the
first quartile from those in the group over the fourth quartile.
In CCREM, mean differences were equal to group coefficients
below the first quartile by setting up the group over the fourth
quartile as a reference category.

Ethical considerations
The study was conducted according to the guidelines of the
Declaration of Helsinki, and all procedures were approved
by the Research Ethics Board of J.F. Oberlin University. The
questionnaire along with the letter of invitation explaining the
content of the study was given to each potential respondent in
this survey. Data collection procedures assured confidentiality
by the use of self-administered, anonymous questionnaires.
Responses in this study were completely voluntary, and
confidentiality was fully guaranteed. Only respondents who
wished to participate in this survey sent their questionnaires
back to us, and this was considered as consent to be included.

Results
Table 2 presents summary statistics of age and sex distribution, income distribution, and other relevant characteristics
among aggregated data from 1996 to 2011 after raking
adjustment. The respondents <39 years old composed 5.1%
of the total, those 40–49 years old 10.6%, those 50–59
years old 22.4%, those 60–69 years old 28.8%, and those
≥70 years old 33.1%. Male respondents constituted 60.8%.
Chronic glomerulonephritis represented 48.5%, and diabetic
nephropathy represented 32.0%. Respondents whose duration
of dialysis was <5 years represented 50.8% of the sample.
Table 3 shows the differences between respondents below
the first quartile and ones over the fourth quartile in dialysis
complications and depressive symptoms, using data aggregated over the four surveys. Relative risk of dialysis complications for respondents below the first quartile income compared
with ones over the fourth quartile was 1.100 (confidence
interval [CI]: 1.076–1.124). The mean difference in depres-
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Table 2 Summary statistics for dialysis complications, depressive symptoms, level-1 variables, and level-2 variables among aggregated
data from 1996 to 2011 surveys after raking adjustment
Variables

Description

Outcome variables
Dialysis complications

Count of the number of organs/systems with dialysis complicationsa 28,561

2.735 (0–9), 1.670

Short version of Center for Epidemiologic Studies-Depression

28,561
n

8.231 (0–33), 4.895
%

Reference = fourth quartile
1 = first quartile
1 = second/third quartile
1 = no answer
Reference = female
1 = man
Reference =≥70
1=≤39
1=40–49
1=50–59
1=60–69
Reference = chronic glomerulonephritis
1= diabetic nephropathy
1= others
Reference =<5
1= from 5 to 9
1= from 10 to 14
1= >15
Reference =1996
1=2001
1=2006
1=2011

7,001
6,021
12,705
2,833
11,201
17,360
9,458
1,459
3,012
6,396
8,216
13,858
9,128
5,575
14,502
6,925
3,486
3,648
6,140
7,495
8,137
6,789

21.1
24.5
44.5
9.9
39.2
60.8
33.1
5.1
10.6
22.4
28.8
48.5
32.0
19.5
50.8
24.2
12.2
12.8
21.5
26.2
28.5
23.8

1915–1919
1920–1924
1925–1929
1930–1934
1935–1939
1940–1944
1945–1949
1950–1954
1955–1959
1960–1964
1965–1969
1970–1974
1975–1979

472
1,233
2,783
4,089
4,619
4,494
3,876
3,008
1,634
1,029
699
456
167

1.7
4.3
9.7
14.3
16.2
15.7
13.6
10.5
5.7
3.6
2.4
1.6
0.6

Depressive symptoms
Level-1 variables
 Household equivalence income scale

 Sex
 Age category at survey year (years)

 Cause of renal disease

Duration of dialysis (years)

Period (survey year)

Level-2 variables
Birth cohort

n

Mean (range), SD

Note: aExistence of intradialytic complications added one point to total.
Abbreviation: SD, standard deviation.

sive symptoms was 1.748 (CI: 1.581–1.196). R
 elative risk of
dialysis complications and mean differences in depression
symptoms for respondents below the first quartile compared
with ones over the fourth quartile were larger for 50–59 years
old than for the other age categories. Mean difference in
depressive symptoms between respondents below the first
quartile income and ones over the fourth quartile was higher
in 2001, 2006, and 2011 than in 1996. Mean differences in
depressive symptoms between respondents below the first
176
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quartile income and ones over the fourth quartile widened
over newer birth cohorts.
Table 4 shows the CCREM results for prediction of dialysis
complications and depressive symptoms. Coefficients for the
interaction terms between age categories <69 years old and the
first income quartile were relatively large and positive; relative
risks for age categories <69 years old were larger than for the
>70-year-old category (reference), and relative risk for the
age category of 50–59 years old was significantly larger than
International Journal of Nephrology and Renovascular Disease 2016:9
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Table 3 Differences between respondents below the first quartile income and ones over the fourth quartile in the number of
dialysis complications and depressive symptoms among aggregated data from 1996 to 2011 after raking adjustment
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Variables

Mean of the number of
dialysis complications

Relative riska Mean of depressive
symptoms

First quartile Fourth quartile
Age category at survey
year (years)

Period (survey year)

Birth cohort

Total

≤39
40–49
50–59
60–69
≥70
1996
2001
2006
2011
1915–1919
1920–1924
1925–1929
1930–1934
1935–1939
1940–1944
1945–1949
1950–1954
1955–1959
1960–1964
1965–1969
1970–1974
1975–1979
2.868

2.385
2.731
2.937
2.944
2.874
3.415
2.742
2.586
2.813
3.072
3.014
3.070
2.953
2.897
2.947
2.881
2.782
2.712
2.450
2.409
2.123
2.120
2.607

2.132
2.463
2.462
2.717
2.853
3.134
2.413
2.414
2.517
3.384
2.925
2.893
2.924
2.871
2.741
2.443
2.319
2.194
2.351
2.076
1.991
2.102
1.100

Mean differencesb

First quartile Fourth quartile
1.119
1.109
1.189
1.084
1.007
1.090
1.136
1.071
1.118
0.908
1.031
1.061
1.010
1.009
1.075
1.179
1.200
1.236
1.042
1.161
1.066
1.009
9.090

8.473
8.416
9.395
8.820
9.498
8.270
9.233
9.602
9.145
9.009
9.809
8.964
9.366
9.026
8.967
9.207
9.118
8.454
9.494
9.311
7.498
8.757
7.341

7.121
7.188
7.078
7.207
7.897
7.106
7.584
7.363
7.291
7.693
7.983
7.940
7.760
7.197
7.417
7.088
6.996
6.839
7.605
7.006
7.668
5.980
1.748

1.352
1.228
2.317
1.612
1.601
1.164
1.649
2.240
1.854
1.316
1.826
1.024
1.607
1.829
1.540
2.119
2.122
1.615
1.888
2.304
–0.17
2.777

Notes: aThe numbers of dialysis complications were count data. What we referred to as a count was called a risk because by definition, a risk is the number of events
per time. Relative risks were calculated by dividing means of the number of dialysis complications in respondents below the first quartile by means of the number of
complications in ones over the fourth quartile. bMean differences were calculated by subtracting the means of depressive symptoms in respondents below the first quartile
from means of depressive symptoms in ones over the fourth quartile.

for the age category >70 years. Figure 1 shows differences in
relative risk by age categories. Relative risk was reduced in age
categories >60 years old. There were no significant interaction
term coefficients between income quartiles and period. The
income quartile coefficients did not have significant random
effects by birth cohort (results omitted).
Regarding depressive symptoms, the coefficients for
interaction terms between age categories <49 years old and
first quartile of income were relatively large and negative; the
mean differences in respondents <49 years old were smaller
than for ones >70 years old (reference), and a significant mean
difference was observed between 40–49 and ≥70 years old. The
coefficient of interaction between 50 and 59 years old and first
quartile of income was not only positive but also significant;
the mean differences in the 50- to 59-year-old group were significantly larger than for respondents >70 years old. Figure 2A
shows the mean differences over age categories. Although the
mean differences widened over age categories <50–59 years
old, they were reduced in age categories >60 years old. In terms
of period effects, all coefficients of interactions between each
of the 2001, 2006, and 2011 periods and the first quartile of
International Journal of Nephrology and Renovascular Disease 2016:9

income were relatively large and positive; the mean differences
in each of the 2001, 2006, and 2011 periods were larger than
in 1996, and mean differences for each of the 2006 and 2011
periods were significantly larger than in 1996. Figure 2B shows
mean differences by period. Mean differences by period from
1996 to 2006 widened but stabilized after the 2006 period.

Discussion
Using data aggregated over four surveys, both the number
of dialysis complications and depressive symptoms were
found to be influenced by income levels. These findings
were similar to results of previous research that discovered
gaps in QOL, mental health, physical health, and mortality
by SES among dialysis patients. In addition, the present data
suggest that income gaps in the number of dialysis complications and depressive symptoms differ across age categories.
Whether or not health gaps by SES widen with age in the
general population has been a matter of debate. Research by
Ross and Wu,69 Lynch,70 and Dupre71 has shown that gaps in
self-rated health or differences in physical functioning based
on educational levels increase with age in other countries.
submit your manuscript | www.dovepress.com
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Table 4 Effect of age and period on the income differences in the number of dialysis complications and depressive symptoms: results
from cross-classified random-effects two-level modela

First quartile of income
Second/third quartile of income
Interaction between age <39 years and first quartile of income
Interaction between age 40–49 years and first quartile of income
Interaction between age 50–59 years and first quartile of income
Interaction between age 60–69 years and first quartile of income
Interaction between age >70 years and first quartile of income (reference)b
Interaction between age <39 years and second/third quartile of income
Interaction between age 40–49 years and second/third quartile of income
Interaction between age 50–59 years and second/third quartile of income
Interaction between age 60–69 years and second/third quartile of income
Interaction between age >70 years and second/third quartile of income (reference)b
Interaction between period 2001 and first quartile of income
Interaction between period 2006 and first quartile of income
Interaction between period 2011 and first quartile of income
Interaction between period 1996 and first quartile of income (reference)b
Interaction between period 2001 and second/third quartile of income
Interaction between period 2006 and second/third quartile of income
Interaction between period 2011 and second/third quartile of income
Interaction between period 1996 and second/third quartile of income (reference)b

Depression symptoms

Coefficient

P-value

Coefficient

P-value

–0.024
–0.055
0.075
0.070
0.117
0.052

0.583
0.140
0.137
0.123
0.028
0.264

1.018
0.027
–0.611
–0.477
0.616
–0.023

0.012
0.918
0.429
0.033
0.057
0.918

0.087
0.076
0.068
0.038

0.052
0.078
0.055
0.331

0.474
0.381
0.598
0.266

0.385
0.204
0.094
0.147

0.044
0.037
0.033

0.098
0.609
0.534

0.400
1.180
1.071

0.194
0.002
0.048

0.036
0.028
0.030

0.206
0.715
0.554

0.169
0.813
0.671

0.557
0.013
0.137

Notes: aThese are results after sex, age categories, causes of renal disease, duration of dialysis, period, and cohort were controlled and their coefficients were omitted from
this table. “Unknown” categories of income were excluded from this table. Because the coefficients of the income quartiles did not have significant random effects by birth
cohort, these results were omitted from this table. bWe analyzed categorical independent variable using dummy coding; we created K-1 dummy variables from a variable with
K categories, omitted categories were named as reference categories, as a result, coefficients of reference categories were not calculated.

1.2

1.1

1.0

0.9

60–69
40–49
50–59
≤39
≥70
years old years old years old years old years old
Age categories

Figure 1 Differences by age categories in relative risk of dialysis complications in
first-income quartile respondents compared to fourth-quartile respondents.
Notes: Values were estimated by substitutions of mean values for independent
variables without income and age variables, which were entered as fixed effects of a
cross-classified random-effects model. Vertical lines indicate 95% confidence interval.

In Japan, both increases and decreases in health differences
related to SES over the life course have been observed in the
general population.72,73 Two theoretical stances predict opposite effects of age on SES-related health gaps. According to
the cumulative disadvantage theory, SES-related health gaps
should widen with age. On the other hand, the age-as-leveler
theory suggests that health gaps by SES should reduce or
shrink with age. This present results support the predictions of
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age-as-leveler theory among patients undertaking dialysis as
aged 50 and over, in terms of SES-related gaps in the number
of dialysis complications. The decreased association between
income and the number of dialysis complications in later life
can be explained by selective mortality and biological frailty.
Even if hemodialysis patients with lower income experience
dialysis complications more frequently, the development of
such dialysis complications causes deaths at an earlier age.74
As a result, survivors with more biological vitality among the
patients with lower income in later life are left and contribute
to reduced income gaps. In terms of income gaps in depressive symptoms, the predictions of the age-as-leveler theory
were supported only in age categories >50–59 years old. In
age categories <49 years old, this present study supports the
cumulative disadvantage theory. However, it is unclear whether
cumulative disadvantage works to widen the income gaps in
hemodialysis patients. A large literature indicates that human
happiness follows a U-shape (a midlife peak) throughout life.75
One explanation for this phenomenon pertains to financial
hardship.75 As it is easy to imagine that hemodialysis patients
with lower income have experiences of more serious financial
hardship, it is possible that mental health in the hemodialysis
patient group with lower income in middle age is more seriously influenced by such hardship.
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60–69
50–59
≤39 years 40–49
≥70
years old years old years old years old
old
Age categories

Differences by period
3.0
2.5
2.0
1.5
1.0
0.5
0.0
–0.5
–1.0

1996

2001

2006

2011

Period

Figure 2 Mean differences by age categories or period for depressive symptoms between respondents below the first income quartile and ones over the fourth quartile.
Notes: (A) differences by age categories, and (B) differences by period. Values were estimated by substitutions of mean values for independent variables without income
and age variables (without income and period variables in case of period effects), which were entered as fixed effects of a cross-classified random-effects model. Vertical lines
indicate 95% confidence interval.

The period trends revealed that mental health differences
resulting from differences in income levels increased from
1996 to 2006. Interestingly, time trends in mental health
related to income differences were not observed in the case of
dialysis complications. According to the traditional perspective, economic fluctuations have negative effects on health,
particularly in the lower SES groups.76 In addition, positive
correlations between per capita gross domestic product
(GDP) and suicides rates have been identified in Japan,77
suggesting that health problems, and mental health problems in particular, are known to be influenced by economic
conditions. Unemployment rates in this study were lowest
in 1996 (3.4%), highest in 2001 (5.0%), and between these
points in 2006 and 2011 (2006: 4.1%, 2011: 4.6%).78 Periodic
trends in depressive symptoms related to income were also
related to trends in the unemployment rate. However, our
data included only four time points for assessing period, and
it was therefore difficult to identify whether unemployment
rates could statistically explain depressive symptoms related
to income differences by period.
During the past four decades, technological innovations
in hemodialysis, such as the use of disposable high-flux
polysulfone dialyzers and online hemodiafiltration, have
been introduced.79 In addition, advanced medical treatment, such as substitution therapy with human recombinant
erythropoietin, and optimization of nutritional status that
prevents dialysis-related complications have been put into
practice.79 If later cohorts of patients, particularly those
with lower SES and lower adherence to medical directions,
benefit from advances in the treatment of patients undergoing dialysis, we would expect to see the reduction of gaps
in health by income levels in later cohorts. H
 owever, such
International Journal of Nephrology and Renovascular Disease 2016:9

a narrowing of gaps in the later cohorts was not observed.
Technical advances in maintenance dialysis treatment may
not contribute to convergence of health gaps by income
level.
Our findings should be interpreted in the light of several
limitations. First, our findings were based only on members
of the Patients Association, which may raise concerns about
representativeness of the data. Recently, participation by
patients undergoing dialysis in the Patients Association has
decreased. We made a comparable database with the hemodialysis patient population in terms of typical differences in
characteristics between the sample and the dialysis patient
population, using raking adjustment to resolve sampling bias.
However, raking adjustment may not have been sufficient
to eliminate the sampling bias observed in this study. Even
under the limited adjustment methodology used in this study,
age effects and period effects on physical and mental health
differences related to income levels were identified, which
is indicative of the robustness of the results.
Second, we used an income-based indicator to measure
SES, ignoring other socioeconomic indicators such as education or occupation, because our database included only
household income as an indicator of SES. On the basis of our
review, there are few databases which we can use to examine
differences by period and cohort in SES-related health gaps
among dialysis patients, not only in Japan but also around
the world. Even if the database had such limitations, we
think that our research findings can contribute to progress
in the study of social determinants of health. However, each
SES indicator has a different effect on health. To identify
mechanisms of SES-related health gaps, other indicators to
measure SES, besides income, should be used.
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Third, we used only four surveys conducted every
5 years to examine period effects on health gaps by SES.
Data collected over longer periods are needed to obtain a
more accurate representation of period effects. Fourth, we
did not identify participants as being on any antidepressant
medication. A study by Fukuhara et al showed that antidepressants were much less commonly prescribed in Japan
compared with other eleven countries, including Canada,
France, Germany, and Italy (1% in Japan vs 17% in other
eleven countries).80 Accordingly, it can be supposed that there
are few effects of taking antidepressant medication on the
results of this study.

Conclusion
The number of dialysis complications and depressive symptoms in patients undergoing hemodialysis vary with income,
and they also change with age categories and time period.
There were no differences in income-related health gaps by
birth cohort in patients undergoing hemodialysis.
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