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Purpose: This study analyzed the influence of financial strains over the life course before initiating hemodialysis on the health
outcomes of older Japanese patients. This study was limited to financial strains over the life course before initiating hemodialysis to
eliminate the influence of financial strains resulting from resignation from paid jobs. We examined which of the four life course
models—pathway, latent, social mobility, and accumulation—were appropriate to describe the influences of financial strains over the
life course on older patients’ health.
Patients and Methods: Data were obtained from a cross-sectional survey of 6,644 outpatients in dialysis facilities across Japan. We
selected participants aged 60 years and older at the time of the survey. Numbers of dialysis complications, activities of daily living
(ADL) disability, and depressive symptoms were selected as health outcomes. Benchmark periods over the life course were
constructed in three parts: less than 18 years (childhood), 18–35 years (young adults), and 35–50 years (middle-aged). We retro-
spectively measured financial strains over the life course.
Results: Pathway models best described the influence of financial strains over the life course on the three types of health outcomes.
Experiences of financial strains as young adults had a direct influence on ADL disability of older patients. This result supports latent
models. Social mobility models (upward and downward mobility) and accumulation models explained the number of dialysis
complications, ADL disability, and depressive symptoms in older patients.
Conclusion: These results suggest that socioeconomic disadvantages over the life course before initiating hemodialysis were
significantly associated with health outcomes in older patients.
Keywords: socioeconomic status over the life course, latent models, social mobility models, accumulation models, pathway models

Introduction
Chronic kidney disease (CKD) is an important cause of morbidity and mortality from non-infectious diseases.1 In 2017,
the number of patients of all-stage CKD was estimated at 697.5 million, with a global prevalence of 9.1% in 2010, and
the number of patients with end-stage kidney disease (ESKD) who required renal replacement therapy were predicted to
be between 4.9 and 9.7 million.2 In the future, the number of deaths due to CKD and the number of patients with ESKD
are projected to increase rapidly.1,2 Patients with ESKD have various health problems, such as frailty,3,4 malnutrition,5

cognitive impairment,6 and depression,7 as well as daily-life problems, such as impaired quality of life,8 low levels of
recreational and work activities,9,10 and poor dietary habits.11 Furthermore, CKD brings a serious financial burden on the
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society. More than 2–3% of the annual health-care budget is typically spent on ESKD in high-income countries, even
though persons receiving ESKD treatment occupy less than 0.03% of the entire population.12

Exploring psychological and social factors related to the onset and deterioration of all-stage CKD is important to specify
targets for interventions, useful to prevent and reduce serious negative impacts on individuals and society. Existing
literature on the topic includes studies predominantly focusing on socioeconomic status (SES) as a social factor. It has
been found that SES influences all-stage CKD from the incidence of CKD to mortality related to ESKD. For example, meta-
analyses indicate that the incidence and prevalence of CKD and ESKD significantly differ by SES at the individual or area
levels.13,14 Studies also reveal that the SES of patients with CKD and ESKD affects several health outcomes in terms of
complications,15 activities of daily living (ADL),16,17 depressive symptoms,15,18,19 quality of life,20–26 and mortality.27

However, there are several lacunae in previous studies regarding the relationship between SES and incidence and
deterioration of CKD. First, only a few studies have focused on the influence of SES over the life course on the
incidence or deterioration of CKD. Studies of the effects of SES differences on health in the general population
indicate that not only current SES but also SES over the life course influences health.28 Four types of models related
to influences of SES over the life course on health have been established: latent, pathway, social morbidity, and
accumulation models.29 According to the latent models, adverse exposure to SES disadvantage at a given time
adversely has a negative impact on health after a relatively longer time has passed since this exposure. The pathway
models indicate that early SES disadvantages influences health in later life through a subsequent chain of exposure to
disadvantage. Regarding the social mobility models, downward or upward socioeconomic mobility influences health
in later life. According to the accumulation models, exposure to SES disadvantage at various points throughout
a person’s life course has a cumulative effect on health in later life. Two models of the pathway and accumulation
models appear to be similar. However, these two models have different timings of exposure to SES disadvantages.
The accumulation models assume that health in later life is indirectly or interactively influenced by each SES
disadvantage over the life course, whereas the pathway models assume that only SES disadvantage in later life
directly influences health in later life and SES disadvantage earlier only has an indirect influence.30 Two studies based
on the latent models found that earlier SES over the life course, such as SES in childhood and 30s, influenced the
incidence of CKD in later life.31,32 Two other studies have reported results that support the accumulation models for
the prevalence and incidence of CKD.33,34 However, no studies have elucidated which model can explain the
influence of SES over the life course on health related to CKD and ESKD using multiple models at the same time
in one study.

Second, older adults have been the subject of only a few studies. Although one study found that SES influenced
prevalence of CKD in older adults,35 two other studies showed that older adults’ SES did not have an influence on the
prevalence and progress of CKD.36,37 In previous studies that examined differences in the influence of SES on health
outcomes in patients with ESKD by age, SES had a weaker influence on health in older patients than in younger
patients.15,38,39 There are two explanations for the decrease in SES health differences at higher ages.40 One explanation
attributes it to factors such as governmental support for older adults. Another explanation relies on mortality selection.
Frail individuals are considered to die earlier than robust ones, so that a given age cohort is gradually selected toward
robustness, thereby causing the convergence of the high and low mortality groups. However, whether SES over the life
course has an influence on the health of older patients undergoing dialysis remains unclear because empirical studies are
lacking.

Third, only a few studies have been conducted in countries other than the US and European countries. The influence
of SES at the geographical area or individual level on the incidence and prevalence of CKD/ESKD has been examined in
Australia,41–43 Taiwan,44 and Thailand.43 The relationships among SES, depression, and quality of life in patients with
CKD/ESKD have been examined in Brazil,23,24,45 Ethiopia,22 India,46,47 Japan,15 and Taiwan.21 Japan had achieved high
sustained economic growth for a long period after the Second World War.48 It was assumed that the equitable distribution
of the benefits of that economic growth contributed to maintaining low levels of inequality,49 although according to one
report, Japan is ranked at 11th out of 34 countries in terms of the Gini coefficient of inequality in recent times.50

Meanwhile, Japan has an Eastern culture with ideas and attitudes that emphasize cooperation among individuals and do
not highlight the independence of each individual and autonomy of the self as Western cultures.51 As it is possible that
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Eastern and Western cultures have different characteristics of social relationships that can moderate the influence of SES
on health,52 a specific analysis of the Japanese population might shed light on the influence of SES over the life course on
health in later life.

We examined the influence of financial strains over the life course before initiating hemodialysis on health outcomes
among older patients. Patients undergoing dialysis have a high likelihood of financial strains as a result of resignation
from paid work when initiating dialysis.10 By considering financial strains over the life course before initiating dialysis, it
is possible to eliminate the influence of financial strains associated with initiating dialysis as much as possible. We
evaluated which of the four types of models (latent, pathway, social mobility, and accumulation) best describe the
influences of financial strains over the life course.

In Japan, patients who need hemodialysis can undergo their treatment for a small out-of-pocket cost at any dialysis
facility across Japan. Specifically, for those patients whose annual income is less than 6 million yen (about 53,000
dollars) after tax, the limit of the monthly cost is 10,000 yen (about 90 dollars), and for those with a higher income the
limit is 20,000 yen (about 180 dollars).

Methods
Data
Cross-sectional data for analyses were collected in 2016 from all outpatients and their physicians across 118 dialysis
facilities. The physicians were members of the Japan Association of Dialysis Physicians. There were five steps to the
survey. First, facilities where all 923 members of the Association worked for were requested to participate in the survey
and 118 dialysis facilities agreed. Second, self-administered questionnaires were sent to these facilities. Third, the
questionnaires were distributed to all the outpatients by the medical staff. Fourth, the questionnaires were completed
and then sealed in an envelope by the patients so that the physicians could not see patients’ responses. Afterwards, the
patients handed over the completed questionnaires to the physicians. Lastly, physicians answered questionnaires regard-
ing their patients and both sets of questionnaires were sent to the survey secretariat. The total number of outpatients in
dialysis facilities that agreed to participate was 12,367. The number of paired sets of questionnaires responded to by both
patients and their physicians was 7191, of which 2936 participants who started hemodialysis at 60 years of age or later
were selected as subjects for analyses.

Measures
Financial Strains Over the Life Course
Financial strains were measured as a proxy for disadvantageous SES over the life course. Three benchmark periods were
set over the life course: <18 years old (childhood), 18–35 years old (young adults), and 35–50 years old (middle-aged).
Financial strains in each period were evaluated retrospectively. Kahn and Pearlin developed questions to evaluate
financial strains over the life course.53 The validity of retrospective self-reported financial strains was supported in
studies by Kahn et al53 and Sugisawa et al.28 They indicated that variables derived from retrospectively self-reported
answers regarding financial strains over the life course significantly influence older adults’ health. High reliability of
recalled information about social circumstances over the life course in older adults has also been demonstrated by
a previous study.54 This indicates relatively high reliability of such retrospective financial strain data. We evaluated
financial strains in the period younger than 18 years by asking participants the following question: “Did your family have
trouble covering expenditures for necessities, such as food, clothes, and housing?” with the response options of “a lot of
trouble,” “some trouble,” “a little trouble,” and “no trouble.” For groups aged 18–35 and 35–50 years, “your family” in
the question was changed to “you.” In addition, we measured the level of current financial strains by asking, “How do
you rate your family’s household finances?” with the response options of “very difficult,” “somewhat difficult,” “neither,”
“a little difficult,” and “not at all difficult.”

For data analysis using the latent and pathway models, the response options were rated as 1 (no trouble), 2 (a little
trouble), 3 (some trouble), and 4 (a lot of trouble) for the questions on financial strains for the age of <18, 18–35, and 35–
50 years. Similarly, response options for current financial strains were rated as 1 (not at all difficult), 1.6 (a little difficult),
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2.4 (neither), 3.2 (somewhat difficult), and 4 (very difficult) to equalize the maximum score with that of the financial
strains for the remaining three age ranges. For data analysis using the social mobility and accumulation models,
participants were categorized into two groups based on their responses: 1) exposure to financial strain group—those
who chose “a lot of trouble” or “some trouble” (“very difficult” or “somewhat difficult” for current age) and 2) without
exposure to financial strains group—those who chose “a little trouble” or “no trouble” (“neither,” “a little difficult,” or
“not at all difficult” for current age).

Health Outcomes
The number of dialysis complications and ADL disability were used as a measure of physical health. These data were
collected from dialysis physicians. They were asked about the presence of infection and complications related to dialysis
among the patients in each of the eight organ systems: circulatory, digestive, neural/mental, articular/muscular, infection,
ophthalmologic, blood, and dermatologic because dysfunction in several organ systems can be induced by
hemodialysis.55 Accordingly, dialysis physicians determined whether these symptoms and diseases were complications
of dialysis. We also assessed intradialytic complications, as the adverse symptoms and events that occurred during
dialysis, including increased or decreased hypertension, arrhythmia, muscle spasms, bellyache, itch, shunt puncture
difficulties, and blood failure. While improvements in hemodialysis technology have prevented most incidences of
intradialytic complications, it is known that patients’ SES strongly influences their motivation and education that
emphasizes the need to restrict dietary sodium intake for reducing intradialytic complications such as hypertension.56

Participants with at least one of the abovementioned symptoms were considered patients with intradialytic complications.
An indicator of dialysis-related complications was created by counting the number of organ systems with complications.
We also added an extra point if respondents had intradialytic complications.

We evaluated the levels of ADL disability by asking participants how much aid was needed for each five ADL: taking
a bath, putting on/taking off clothes, eating, moving in the room, and using the toilet. Choices were scored on a 5-point scale
from “can do without difficulty” to “need total assistance always.” Participants with one or more items rated below “can do
without difficulty” were categorized as having ADL disability.We used depressive symptoms as the mental health indicator.
Depressive symptoms in patients undergoing dialysis is linked to an increased risk of mortality and hospitalization.57 K6
has been widely used to evaluate depressive symptoms.58,59 The clinical cutoff point for K6 was 4/5, which was used to
screen persons with a possibility of depression.60

Participants with missing values less than or equal to 20% of the items that composed each individual scale were
added for analyses by substituting individual mean scores for all responded items into items with missing values. The
total score of participants was calculated by multiplying the individual mean score of all items by the number of all items.
This method has been proven to be effective to deal with missing values in surveys using scales composed of multiple
items.61,62

Control Variables
Control variables included age, sex, educational attainment, causative diseases of undergoing hemodialysis, and duration
of hemodialysis. In terms of educational attainments, participants were asked to select one of the following educational
attainments as a last graduated school: “junior high school,” “high school,” “vocational school,” “junior college,”
“university,” or “graduate school.” To qualify their responses, numbers 9, 12, 13, 14, 16, and 18 were assigned to
each category. These figures represent the number of years of education in Japan’s educational system. Causative diseases
of undergoing hemodialysis included four types: chronic glomerulonephritis, diabetes, nephrosclerosis, and others.

Statistical Methods
The analytic model based on the latent and pathway models in this study was based on Sugisawa et al.28 This model is
described in Figure 1. Each symbol of e, f, and g means the latent effects at each of the three periods and a–d means the
pathway effects from financial strains at <18 years of age on current financial strains. Whether or not the pathway models
were valid was assessed by examining indirect influences on health outcomes of financial strains in the earlier periods by
mediating financial strains in later periods. Validity of the latent models was assessed by examining whether or not any
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significant influence of financial strains in each period on health remained even after controlling for the direct and
indirect influence of financial strains in other periods. Indirect influences in the multiple-factor model were examined by
using multiple mediation analysis proposed by Preacher and Hayes.63

Whether or not the social mobility models were valid was tested by comparing six patterns of social mobility. We
divided participants into two groups based on whether or not they experienced financial strains when they were 18
years old. First group included participants who did not face financial strains at <18 years of age. This group served to
examine the influence of downward mobility on health in later life. By using no financial strains over the life course as
the reference pattern, the influence of “downward mobility” and “upward mobility after downward mobility” on health
outcomes was examined. Second group included participants who had financial strains at <18 years of age. This group
was used to examine the influence of upward mobility on health in later life. Specifically, by using continuous
financial strains over the life course as the reference pattern, the influence of “upward mobility” and “downward
mobility after upward mobility” on health outcomes was examined. In terms of the validity of the accumulated model,
the influences of one, two, and three exposure frequencies on financial strains over the life course without current
financial strains on health outcomes were examined by comparing with no financial strains over the life course as the
reference.

We added control variables to all analytic models to examine the unique influence of financial strains over the life course
when we examined the influence of financial strains over the life course on health. In addition, the influence of each indicator
of financial strains over the life course was examined by entering variables regarding the latent models and pathway models,
the social mobility models, and the accumulation models in the statistical model separately, because correlations between the
indicators of financial strains over the life course were strong. We used the ordinary regression to examine comorbidity as
a dependent variable. A multivariate logistic regression method was used with ADL disability and depressive symptoms as
dependent variables. Cases that did not have any missing values occupied 76.4% of the total analyzed participants (N =
2,244). Table 1 shows that frequency of financial strains over the life course and patterns of social morbidity were variables
with the highest missing values (each 14.7%) and the frequency of financial strains over the course of life was also a variable
with a relatively high missing value rate (12.3%). Missing value rates of other items or scales were less than 10%.
Participants who were excluded from the analysis because of missing values in the variables had the following character-
istics: older, higher rate of female patients, lower educational attainment, longer period of dialysis, larger number of
complications, and higher levels of financial strains in every period of the life course. We employed a full information
maximum likelihood approach to handling missing data in the analysis.64 The root mean square error of approximation
(RMSEA) and comparative fit index (CFI) were used for the overall model fit. A standard of good model fit RMSEA was
a value below 0.05,65 and that of CFI was a value above 0.90.66 Mplus Version 8.1 software64 was used for the analysis.

Ethical Considerations
We conducted this study in accordance with the Helsinki Declaration guidelines, and the Research Ethics Board of
J. F. Oberlin University approved all procedures of this study (Approval Number:16015, Approval date: August 8, 2016).
The self-administered anonymous questionnaire with the invitation letter explaining the study content was distributed to
each potential survey participant. The letter explained study outline, participants’ rights, privacy protection, and similar
issues. We asked participants to hand the completed questionnaires to physicians only if they agreed to participate in the
survey. Completed questionnaires were sealed in an envelope and were handed to their physicians by participants. The

Figure 1 Analytic model based on the latent period effects model and the pathways model.
Notes: The symbols e, f, and g indicate the latent period effects, whereas a–d indicate the pathway effects.
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Table 1 Distribution of Financial Strains, Control Variables, and Health Variables of Participants

Variables Missing Values (%) Categories/Characteristics Values Distribution

[Financial strains]

Levels of financial strains in each period

<18 years old 6.6 Mean (SDc) 2.53 (1.04)a

18–35 years old 8.1 Mean (SDc) 2.23 (0.92)a

35–50 years old 10.3 Mean (SDc) 2.18 (0.90)a

Currently 7.4 Mean (SDc) 2.53 (0.62)a

Patterns of social mobility 14.7 Continuous financial strains (%) 9.0

Upward mobility 32.5

Downward mobility after upward 7.1

Downward mobility 9.0

Upward mobility after downward 7.5

No financial strains over the life course 31.5

Others 3.2

Frequency of financial strains over the life course 12.3 No financial strains over the life course (%) 36.7

One time 24.0

Two times 17.4

Three times 21.8

[Control variables]

Age 0.0 Mean (SDc) 74.8 (6.99)a

Sex 0.0 Male (%) 33.2

Years of education 7.9 Mean (SDc) 17.8 (2.44)a

Causal disease of dialysis 1.0 Chronic glomerulonephritis 25.8

Diabetes 38.9

Renal sclerosis 16.7

Others 18.6

Years of taking dialysis 0.0 Mean (SDc) 4.98 (4.32)a

[Health indicatorsb]

Number of dialysis complications 0.0 Mean (SDc) 2.79 (1.55)a

Activities of daily living 3.3 Having disability (%) 37.4

Depressive symptoms 9.3 Possibility of depression (%) 47.9

Notes: aFigures were calculated before standardization. bHealth indicators included number of dialysis complications, activities of daily living, and depressive symptoms.
Abbreviation: cSD, Standard Deviation.
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seal was to prevent the physicians from seeing the patients’ responses. The responses were voluntary, and confidentiality
was guaranteed.

Results
Participants’ Characteristics
The participants’ characteristics are listed in Table 1. The participants’ mean age was 74.8 years. Men occupied
33.2% of participants. Diabetes and chronic glomerulonephritis were diagnosed as causal diseases in 38.9% and
25.8% of participants, respectively. Among the four time periods (<18, 18–35, 35–50, and the current age),
relatively high levels of participants experienced financial strains at <18 years and the current age. We ensured
equalized comparison between the financial strain responses for current time and the other three time periods, by
converting the 5-point responses for the former into a 4-point scale by multiplying 2, 3, 4, and 5 with 0.8. The
percentages of participants who were divided into three patterns regarding social mobility—no financial strains
over the life course, upward mobility, and downward mobility—were 31.5%, 32.5%, and 9.0%, respectively. The
number of experiences of financial strains over the life course was 36.7% (none) and 24.0% (one).

Analysis Using the Latent and Pathway Models
The results of the analyses using the latent and pathway models are shown in Table 2. Experience of financial strains at
<18 years was significantly and indirectly linked to worse levels of all three health outcomes by mediating the
appearance of financial strains in later periods. Accordingly, it is suggested that the pathway models are useful for
describing the influence of financial strains over the life course on all health outcomes in later life. Experience of
financial strains at 18–35 years significantly influenced ADL disability in later life, even after the direct and indirect
influences of financial strains in other periods were controlled. Contrary to our hypotheses, experience of financial strains
at <18 years was significantly associated with better ADL ability in later life. Experience of financial strains at 35–50
years was significantly related to higher depressive symptoms after the direct and indirect influences of financial strains
in other periods were controlled. The latent models are partly supported by these results.

Analysis Using the Social Mobility Models
Table 3 shows that participants who experienced upward mobility had significantly better conditions for the three
health outcomes than those who had continuous financial strains over the life course. In addition, participants

Table 2 Analysis Based on the Latent Period Effects Model and the Pathways Model

Periods of Financial Strains Standardized Coefficientb

Number of Dialysis
Complicationsc

Activities of Daily Living
Disabilityc

Depressive
Symptomsc

Direct effects

<18 years (e)a −0.013 −0.194*** 0.062

18–35 years (f) 0.017 0.249*** 0.045

35–50 years (g) 0.046 −0.017 0.091*

Current time (d) 0.058** 0.107*** 0.180***

Indirect effects through later period of

financial strains

<18 years (a–d) 0.007** 0.020** 0.033**

Notes: aEach symbol in parentheses showed ones in Figure 1. bStandardized partial coefficients were calculated after controlling for the effects of control variables and other
social mobility patterns. ***p < 0.001; **p < 0.01; *p < 0.05. cGoodness of fit index: Number of dialysis complications: root mean square error of approximation (RMSEA) =
0.067, comparative fit index (CFI) = 0.902; Activities of daily living disability: RMSEA = 0.066, CFI = 0.928; Depressive symptoms: RMSEA = 0.066, CFI = 0.926.
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who had downward mobility after upward mobility had significantly better conditions for both ADL
disability and depressive symptoms than those who had continuous financial strains over the life course.
Participants who had downward mobility had significantly higher rates of ADL disability and depressive
symptoms than did participants who never had such financial strains over the life course. There were no
significant differences in the three health indicators between participants who had upward mobility after down-
ward mobility and those who had never experienced financial strains. These results reflect the validity of social
mobility models.

Analysis Using the Accumulation Models
Table 4 shows that participants who had a greater number of experiences of financial strains over the life course had
a significantly higher rate of depressive symptoms. Only participants who had experienced all three periods of financial
strains had higher numbers or rates than those without financial strains in terms of the number of dialysis complications
and ADL disability.

Table 3 Effects of Social Mobility Patterns on Health Outcomes

Social Mobility Standardized Coefficienta

Number of Dialysis
Complications

Activities of Daily Living
Disability

Depressive Symptoms

Upward mobility −0.237** −1.132*** −1.199***

Downward mobility after upward −0.119 −0.486* −0.446*

Continuous financial strains over the life courseb Reference Reference Reference

Downward mobility 0.082 0.707*** 0.785***

Upward mobility after downward −0.046 0.025 0.264

No financial strains over the life coursec Reference Reference Reference

Notes: aStandardized partial coefficients were calculated after controlling for the effects of control variables and other social mobility patterns. ***p < 0.001; **p < 0.01; *p <
0.05. bWhen we examined the effects of upward mobility and downward mobility after an increase in health, we used continuous financial strains over the life course as the
reference. cWhen we examined the effects of downward mobility and upward mobility after a reduction in health, we used no financial strains over the life course as the
reference.

Table 4 Effects of the Accumulation of Financial Strains on Health Outcomes

Number of Experiences of Financial
Strains Over the Life Course

Standardized Coefficienta

Number of Dialysis
Complications

Activities of Daily Living
Disability

Depressive Symptoms

No financial strains over the life course Reference Reference Reference

One 0.032 −0.104 0.177

Two 0.071 0.146 0.517***

Three 0.212* 0.358** 0.770***

Notes: aStandardized partial coefficients were calculated after controlling for the effect of control variables. ***p < 0.001; **p < 0.01; *p < 0.05.
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Discussion
The influence of SES over the life course on the health status of older adults has been examined by surveys of the general
population in both Western and East Asian countries.28 However, the types of models that properly describe the influence
of SES over the life course on health status in older adults with diseases remain unclear. This study examined whether
each of the four models significantly described health outcomes of older Japanese patients undergoing hemodialysis.
Table 5 summarizes the results of this study. For the variables based on the latent models, both periods—18–35 years and
35–50 years of age—significantly influenced ADL disability and depressive symptoms separately. The variables regard-
ing the pathway models significantly influenced all three health outcomes. Three patterns of social mobility—upward,
downward after upward, and downward—had a significant influence on ADL disability and depressive symptoms. Only
upward mobility significantly influenced the number of dialysis complications. Regarding the accumulation models, more
the experiences of financial strains over the life course, higher the rate of depressive symptoms. In addition, only
participants who experienced continuous financial strains at all periods over the life course had a significant higher
number of dialysis complications and a higher rate of ADL disability than those who had no financial strain experience.

Although our analyses indicated that the current time of financial strains significantly influenced all three health
outcomes, these influences not only appeared by experience of financial strains in later life but were also contributed to
by earlier periods of experience of financial strains from childhood to middle age. Accordingly, these results support the
utility of pathway models for describing the influence of SES over the life course on health outcomes in older patients
undergoing hemodialysis. A study by Sugisawa et al28 on participants from representative samples of older adults in
Japan indicates that the influence of SES over the life course on comorbidity, ADL disability, and depressive symptoms
in Japanese older adults is explained by pathway models. It is suggested that even in older patients undergoing
hemodialysis, chains of disadvantages over the life course before initiating hemodialysis continue to have an adverse
effect on health even after initiating dialysis, and as a result, deteriorate health outcomes.

In addition, participants who experienced financial strains at <18 years of age had lower ADL disability than those
who did not, even after controlling for the influence of financial strains in other periods, which suggests a result opposite
to the hypothesis: An experience of poor childhood SES leads to worse conditions of CKD at later life.67 Although
a review article indicates that poorer childhood SES is related to lower physical function in adulthood,68 some studies
found that childhood SES did not seem to significantly affect the prevalence of physical function impairment in middle-
aged and older adults.28,53,69,70 Such selection bias, which leaves a predominance of older patients with physical
robustness, may contribute to the observed significant influence of financial strains during childhood on the low
prevalence of ADL disability in older patients. Meanwhile, the 18–35 age range was observed as a latent period for
the extent of ADL disability in older patients undergoing hemodialysis. In terms of change in function over the life
course, the peak of function is reached at late adolescence, and it appears that SES at early adulthood is a strong
determinant of the rate of decline after this peak.71 In addition, one study suggested that 30 years of age is a critical
period of appearance of adults’ CKD.31 Due to rapid decline in function and increasing risk of CKD due to experience of

Table 5 Summary of the Results of This Study

Models Number of Dialysis Complications Activities of Daily Living Disability Depressive Symptoms

Latent models (critical period) ✔ (18–35 years old) ✔ (35–50 years old)

Pathway models ✔ ✔ ✔

Social mobility models

Upward ✔ ✔ ✔
Downward after upward ✔ ✔
Downward ✔ ✔
Upward after downward

Accumulation models ✔ ✔ ✔

Notes: ✔Indicates that a model had a significant influence on the number of dialysis complications, activities of daily living disability, and depressive symptoms.
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financial strains in early adulthood, it is possible that the age range of 18–35 years is a critical period for the level of ADL
disability in older patients undergoing dialysis.

In terms of accumulation models, two health outcomes, the number of dialysis complications and ADL disability,
were significantly worse in participants who experienced three instances of financial strains over their life course than in
those who did not experience financial strains. A study indicated that the risk for diabetes and stroke is likely to increase
in participants aged ≥18 years,72 when they undergo four or more adverse experiences during childhood compared to
those reporting fewer exposures, but no such criteria were found for the risk of depression. Appearance of chronic
diseases and physical and cognitive disabilities require longer periods of exposure to low level of SES than emotional
distress.73 Our results suggest that a threshold of frequency of financial strains over the course of life is present for these
two health outcomes.

In this study, the financial strains experienced during upward mobility before initiating hemodialysis had a significant
influence on the three outcomes, even in older patients. This is consistent with results of previous studies of late middle-
aged and older general population.28,69,74–78 This study also indicated that positive influences of upward mobility on
ADL disability and depressive symptoms appeared even if downward mobility after upward occurred in later life. The
negative influence of continuous financial strains over the life course on health may disappear due to experiencing
upward mobility after childhood. The influence of downward mobility on health was associated with worse level of ADL
disability and depressive symptoms. In older patients undergoing hemodialysis as well as the general
population,28,69,75,77,79 negative influences of downward morbidity over the life course on health in later life were
observed. However, this study indicated that the negative influence of downward mobility on ADL disability and
depressive symptoms did not disappear even if upward mobility after downward in later life occurred. The negative
influence of downward mobility on health may not disappear in older patients undergoing hemodialysis if upward
mobility follows downward mobility.

When interpreting the results, some limitations of the study must be considered. First, although this study selected
participants who began their hemodialysis at the age of 60 or later, deterioration of CKD occurs over time and may lead
to discontinuation of paid work, affecting job conditions and economic status. Therefore, it is possible that some
participants experienced financial strains over the life course due to the worsening CKD rather than initiating hemodia-
lysis, which may have biased the current study findings. Second, we used cross-sectional data for the analysis.
Longitudinal surveys that follow up with the same participants from childhood to old age are required to examine the
influence of SES over the life course on health in later life. Such survey data can allow specifying a causal linkage
between SES over the life course and health in later life in terms of time difference between cause and effect and
eliminate recall bias, which is a concern for retrospective methods of SES over the life course. However, because long-
term longitudinal data are almost unavailable at present, cross-sectional or short-term longitudinal data had to be used in
previous studies, leaving problems regarding specification of the causal linkage and recall bias. In this study, recall bias
errors in childhood SES measures for assessing SES over the life course may be related with underestimation of the true
impact of SES during childhood on health in later life.29,80 In addition, according to a study by Lynch, Kaplan, and
Shema, the influence of SES over the life course on functional levels is evident even though people who had more
sustained financial strains had a higher possibility to have died before the follow-up survey, and therefore their analysis
excluded the dead people.81 The increased risk of death is a confounding factor that is likely to reduce the influence of
the sustained financial strains on functioning in those who remained in the follow-up survey. Therefore, it can be said that
the significant influence of financial strains over the life course and health outcomes described in this study have
relatively high reliability. Third, poor health in childhood was not controlled in this study because information about this
factor was not included in the data available. It is possible that poor health in childhood significantly confounds the
influence of financial strains over the life course on health in later life.82

Conclusion
The influence of financial strains over the life course before initiating hemodialysis on the health outcomes of older
Japanese patients was examined in this study. We examined which of the four life course models—latent, social mobility,
accumulation, and pathway—were appropriate to describe the influences of financial strains over the life course on health
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in later life. The results indicate that pathway models best described the influence of financial strains over the life course
on the three types of health outcomes. Experiences of financial strains as young adults had a direct influence on ADL
disability in older patients. This result supports latent models. Social mobility models (upward and downward mobility)
and accumulation models explained the number of dialysis complications, ADL disability, and depressive symptoms in
older patients.
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