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Socioeconomic Disadvantage, All-Cause and Cause-
Specific Mortality in Patients Treated With Maintenance
Dialysis: A Mediation Analysis of Geographical Inequity

and Multimorbidity
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Armando Teixeira-Pinto*

Rationale & Objective: Social gradient in health (a
“social gradient in health” refers to the observed
pattern in which individuals with lower socioeco-
nomic status typically experience poorer health
outcomes than those with higher socioeconomic
status. This indicates that health disparities exist
across different social levels, with the most disad-
vantaged groups experiencing the worst health
outcomes) is significant and established in patients
with kidney failure, but the pathways of this rela-
tionship are unknown. We aimed to assess the
mediating effects of multimorbidity and geograph-
ical remoteness in the socioeconomic status
(SES)-death associations.

Study Design: A cohort study.

Setting & Participants: All patients with kidney
failure aged 18 years and above, who commenced
dialysis in Australia from 2005 to 2019.

Exposure: Area-level SES.
Outcomes: All-cause and cause-specific death.

Analytical Approach: The effect of SES on all-
cause and cause-specific death was analyzed
using the inverse probability stabilized weighting.
Mediating effects of geographical remoteness,
diabetes mellitus (DM) and cardiovascular disease
(CVD) on the association between lower SES and
all-cause and cause-specific death were explored.

Results: A total of 35,239 patients receiving inci-
dent dialysis were included, with a median (p25,
p75) follow-up period of 3.3 (1.7-5.9) years.
Compared with patients from higher SES, the
average hazard rate for all-cause death among
those from lower SES was 17% higher (total
effect [TE]=0.17, 95% CI [0.12-0.23]).
Proportions of the effects between SES and all-
cause mortality mediated by geographical
remoteness, CVD, and DM were 29.4%, 11.8%,
17.6%, respectively, whereas SES explained
41.2% of the TE directly. Compared with patients
from high SES, patients from lower SES have on
average a higher hazard rate of CVD (TE = 0.26,
95% Cl, [0.15-0.38]) and infection-related deaths
(TE=0.12, 95% CI, [0-0.25]). The effects of
SES on CVD and infection-related deaths were
mediated by CVD and DM, but not geographical
remoteness.

Limitations: Potential residual confounding and
other latent mediators.

Conclusions: Geographical remoteness, diabetes,
and CVD are potential mediators that lie in the
pathways between SES and all-cause and cause-
specific deaths. A multifaceted approach with
sustained efforts from multiple sectors to address
these factors may reduce the social disparities
observed in patients treated with dialysis.
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atients with kidney failure undergoing treatment with

dialysis experienced a 50-fold increased risk of death
compared with an age and sex-matched general popula-
tion." There are many factors contributing to the excess
risk of death in dialysis populations. These may include the
very high vascular disease burden, coupled with a rapid
deterioration of co-existing comorbid conditions, such as
hypertension and anemia, which are frequently observed
after dialysis initiation.” Apart from clinical factors, lower
socioeconomic status (SES) is also a significant risk factor
for death in patients with kidney failure receiving dialysis
treatments.”" In a systematic review and meta-analysis of
14 studies, lower SES has been shown to be a risk factor of
all-cause and cause-specific death in patients treated with
dialysis, and this relationship is consistent across all SES
indicators. Patients from lower SES (assessed by income,
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education attainment, and occupation) were twice as likely
to die compared with patients from higher SES back-
grounds.” Furthermore, there is evidence to suggest the
effects of SES on mortality are modified by factors such as
ethnicity and sex/gender. For example, patients of African
American descent with lower educational attainment
treated with dialysis had higher mortality than White pa-
tients after accounting for important clinical and socio-
demographic factors.” Socioeconomic disadvantage may
also exert its impact on the risk of death among women
differently than men treated with dialysis, with women
experiencing a high relative risk of infection-related death
among those from lower SES compared with male
counterparts.”

Although many of these modifying effects have been
examined in previous literature, previous research has not
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PLAIN-LANGUAGE SUMMARY

People with kidney failure who have less money or
support often have more health problems than those
who are better off. In this study, we found that this is
not just because of their financial situation, but also
because many also have other health problems,
including diabetes and heart disease, and they may live
in remote areas where it may be harder to access health
care and specialist appointments. Our study suggests
that we need to provide more support to these people
and make sure everyone with kidney failure has a fair
chance at good health, no matter where they live or
how much money they have.

identified the factors linking lower SES and death on
dialysis. Knowledge of these factors are important because
modification of these mediators through a concerted and
comprehensive approach from multiple health sectors may
improve the health outcomes of patients with kidney
failure. In addition, there are different pathways through
which the various mediators may lie between lower SES
and death. The contribution of these mediators is depen-
dent on how some of the earlier mediators affect the later
ones. For instance, with the rising costs of living and the
housing affordability crisis in urban cities, individuals or
families from lower SES may migrate to regional and rural
parts of the country. People living in rural and remote parts
of Australia may experience reduced access to quality
health care, and consequentially, a higher risk of devel-
oping chronic illnesses such as diabetes and cardiovascular
disease (CVD).™” The higher cost of living in urban areas
disproportionately affects individuals from lower socio-
economic backgrounds. As a result, people from lower SES
groups are more likely to move to regional and remote
areas to manage financial pressures. A recent survey found
that housing affordability was the third most significant
factor influencing internal migration from the city to
regional Victoria. In addition, respondents with a diploma
qualification were more likely to have relocated from outer
Melbourne to rural Victoria, while those with an under-
graduate university degree were more likely to settle in a
regional city.'” In this study, we first evaluated the effects of
SES on all-cause and cause-specific deaths in patients treated
with dialysis. We then decomposed the total effects of SES
on death into the mediated effects of geographical location
and comorbid conditions that are highly prevalent in pa-
tients with kidney failure, including diabetes and CVD.

METHODS

Study Population

Using data from the Australia and New Zealand Dialysis
and Transplant Registry (ANZDATA), all patients with
kidney failure aged 18 years or over who commenced
peritoneal dialysis or hemodialysis in Australia from 2005

to 2019 were included. Patients with no residential post-
code records at commencement of dialysis, recipients who
had received pre-emptive kidney transplants, recipients with
previous allograft failure, and patients who had recovered
from native kidney function within 90 days of dialysis
initiation were excluded. This study was approved by the
University of Western Australia Human Research Ethics
Committee, Perth, Australia (reference number 2021/
ET000319). The study flowchart is provided in Fig 1.

Study Covariates

Baseline characteristics at the time of commencement of
dialysis were extracted from ANZDATA, which included
age, sex, body mass index, race, dialysis modality (hemo-
dialysis or peritoneal dialysis) at the time of dialysis
commencement, prevalent CVD (coronary artery disease,
peripheral vascular disease, and cerebrovascular disease),
diabetes mellitus, smoking history, primary causes of kid-
ney failure, late referral (defined as referral to a nephrolo-
gist < 3 months before dialysis initiation), and dialysis era.

Exposure Factor

The primary exposure factor was SES derived from resi-
dential postcodes recorded at the time of dialysis
commencement. The SES was coded into deciles based on
the Index of Relative Socioeconomic Advantage and
Disadvantage classification by the Australian Bureau of
Statistics. The lowest deciles represented the most disad-
vantaged areas, whereas the highest deciles represented the
most advantaged areas. The Index of Relative Socioeco-
nomic Advantage and Disadvantage index is a weighted
combination of a census population and housing measures
of socioeconomic position, including income, educational
level, employment and occupational status, home owner-
ship, and other indicators of relative advantage or disad-
vantage to classify residential postcodes into percentiles.' "'
It is therefore a global summary of the economic and social
conditions of people and households within an area and
allows for generalisability and comparisons across regions in
the different states and territories in Australia. For this study,
we have dichotomized SES into disadvantaged (deciles 1-5)
and advantaged areas (deciles 6-10)."”

Mediators

Three mediators were considered in this study: geographical
remoteness, diabetes, and CVD. Residential geographical
locations were derived from residential postcodes using the
2006 Australian Standard Geographical classification, and
were categorized into major city, regional, and remote re-
gions.'” The presence of diabetes and CVD was determined
at the time of dialysis commencement (Fig 2).

Clinical Outcomes

The study outcomes were all-cause mortality on dialysis
from CVD, infection, dialysis withdrawal, cancer, and
other reasons, and cause-specific death from CVD and
infection wusing predefined definitions provided by
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n=237,930

[ All Patients on Dialysis between 2005-2019 ]

' [ Excluded (n = 2690): ]
v

- Started dialysis after transplant: 2690

Analytical sample 1 (Descriptive Statistics)
n= 35,239

Excluded (n=177):
- Patients with no residential postcode records: 177

Analytical sample 2 (Main Analysis)
n=35,063

-

High SES background
n=15,862

-

Low SES Background
n=19,201

Figure 1. Cohort study flow.

ANZDATA (https://www.anzdata.org.au/anzdata/services/
data-management/data-forms/). If a patient received a
kidney transplant, they would have been censored at the
time of transplantation.

Statistical Analysis

Categorical variables were described using numbers and
percentages. For continuous variables, we reported both
mean and standard deviation and the median and 25th and
75th quantiles. We conducted a 2-phase data analysis to
explore the effects of SES on the time to all-cause and
cause-specific death in patients treated with dialysis. In the
initial phase, the total effect (TE) of SES on all-cause death
was assessed using Inverse Probability stabilised weighting
(IPSW) approach. The IPSW approach adjusts for con-
founding bias by reweighting the observations in a way
that the confounders become evenly distributed across the
exposure groups.]3 Fig 3 presents an example showing
how IPSW may eliminate confounding effects.

To estimate the IP weights, we applied 2 logistic
regression models: one incorporating confounders
including age, sex, and indigenous status (Aboriginal and
Torres Strait Islander Peoples) and the other excluding
them. Subsequently, we calculated the estimated stabilized
IP weights using the predicted values from the former
model as the denominator and those from the latter model
as the numerator. To perform parametric estimation of
hazards, we then applied a weighted pooled logistic
regression model with a time-varying intercept, enabling
the estimation of the temporal change in hazard. This
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methodology ensures that each person-time observation
receives an appropriate IP weight. Therefore, the survival
at time “k” was determined by the product of conditional
probabilities of having survived each interval between
0 and “k” derived from one minus the hazards.

We then conducted a semiparametric mediation anal-
ysis for survival outcome with binary exposure'* to assess
the effects of SES on all-cause death, mediating through
geographical remoteness, diabetes status, and CVD. The
mediation analysis was adjusted for the confounders. Fig 2
shows the diagram of the direct and mediated effects of SES
on all causes of death. Here, we assessed the total and
direct effects of SES on the risk of mortality in patients
treated with dialysis. To estimate the uncertainty around
these mediation effects, we used the bootstrap method to
estimate all effects and their confidence intervals. In
addition, we investigated cause-specific mortality, infec-
tion, and CVD deaths separately. All statistical significance
levels were set at 0.05. The statistical analysis were con-
ducted in R version 4.0.0, for mediation analysis we used
the mma'” package.

RESULTS

Baseline Characteristics of the Study Cohort

This study included 35,239 incident patients with kidney
failure who initiated dialysis in Australia from 2005 to
2019. Table 1 shows the baseline characteristics of the
study cohort stratified by SES. A total of 19,287 (54.7%)
patients were from low SES backgrounds. Patients from
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Path diagram illustrating the direct and mediated effects of SES on mortality
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Figure 2. Direct acyclic graph (DAG) showing direct and mediated effects of SES on mortality adjusted for confounders. Top diagram
shows DAG of effect of SES on mortality adjusted for confounders. The bottom panel of DAGs illustrating the direct effect of SES on
all causes of mortality (2), and mediated effects of SES through geographic remoteness (4), diabetes status (3), and prevalent
vascular diseases (1) on all causes of mortality, while adjusting for the confounding effects of age, gender, and Indigenous status.
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Figure 3. An example of using inverse probability weighting (IPW) to remove the confounding effect of sex. This figure illustrates the
benefits of using IPW to remove the confounding effect of sex. In the original sample, the distribution of sex between individuals from
high and low socioeconomic status (SES) is different. By applying IPW, each observation in the sample is reweighted to achieve a
similar distribution of sex across both SES groups. For instance, in this example, the probability of a male being from a low SES
background is 1/4 = 0.25, so the inverse probability weight for males in the low SES group becomes 1/0.25 = 4. Similarly, for fe-
males, with a probability of 3/4=0.75 of being in low SES, each female in the low SES group receives a weight of 1/
0.75 = 1.38. This process is repeated for individuals in the high SES group. Consequently, the total sum of weights for males
and females becomes equivalent in both SES groups, whereas in the original sample, this balance did not exist (eg, low SES: 1

male, 3 females and high SES: 3 males, 1 female).

low SES backgrounds were younger (mean age + [standard
deviation], 61 +[15] vs 63 +[16]), most were males
(60%), and 15% of patients with low SES were of
Aboriginal and/or Torres Strait Islander Peoples. Patients
from lower SES backgrounds had higher prevalence of
diabetes (54% vs 47%) and CVD (52% vs 50%).

Study Outcome Measures

The overall median (p25, p75) follow-up period was 3.3
(1.7-5.9) years, with 3.4 (1.7-5.9), and 3.3 (1.7-5.9)
years for low and high SES, respectively. Overall, a total
16,943 (48%) patients died receiving dialysis, whereas
5,682 (16%) received a kidney transplant. Of those who
died, the most common causes of death were from CVDs
(31%), followed by infections (8.9%), and cancer (4.6%)
(Table SI and Table 1).

The Effect of SES on All-Cause Mortality

The respective one- and 5-year survival probabilities (95% CI)
calculated using IPSW for patients from low SES background
were 0.888 (0.884-0.892) and 0.544 (0.537-0.551). This
compared with the respective survival probabilities of 0.894
(0.889-0.899) and 0.572 (0.564-0.580) for patients from
higher SES. Fig 4A shows the estimation of survival curves via
IPSW parametric estimation of hazard for all causes of death.
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The Effect of SES on CVD-Related Mortality

The 1-year survival probabilities (95% CI) for individuals
from low SES versus high SES were 0.961 (0.959-0.964)
versus 0.965 (0.962-0.968), and the 5-year survival proba-
bilities (95% CI) for individuals from low SES versus high SES
were 0.819 (0.813-0.824), versus 0.840 (0.834-0.846). Fig
4B demonstrates the estimation of survival curves using IPSW
parametric estimation of hazard for CVD-related mortality.

The Effect of SES on Infection-Related Mortality
The one-year and 5-year survival probabilities (95% CI)
for patients from low SES were 0.989 (0.987-0.990) and
0.990 (0.989-0.992), and 0.945 (0.941-0.948) and 0.951
(0.948-0.954) for patients from higher SES. Fig 4C shows
the estimation of survival curves using IPSW parametric
estimation of hazard for infection-related mortality.

Mediation Analysis

Association Between SES and Mediators

Compared with patients from high SES, the adjusted odd
ratios (OR) (95% CI) for diabetes and prevalent CVD
among patients from low SES were 1.23 (1.18-1.28) and
1.19 (1.14-1.25), respectively. Compared with patients
from higher SES, the odds of living in urban areas among
patients from lower SES were 0.22 (0.21-0.23) (Table S2).
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Table 1. Baseline Characteristics of the Study Cohort Stratified by Low and High SES

Overall, Low SES, High SES,

Characteristic N = 35,239 n=19,287 n=15,952 P Value?®

Age (y), mean £ SD 62+16 61x+15 63+16 < 0.001

Age, median (p25, p75) 64 (52-74) 63 (51-72) 66 (53-75)

Gender, n (%) <0.001
Male 21,755 (62) 11,657 (60) 10,098 (63)

Female 13,484 (38) 7,630 (40) 5,854 (37)

Smoking status,® n (%) <0.001

Current 4,357 (12) 2,802 (15) 1,555 (10.0)
Former 14,133 (40) 7,845 (41) 6,288 (39)
Never 16,328 (46) 8,437 (44) 7891 (49)

Unknown 55 (0.2) 27 (0.1) 28 (0.2)

Indigenous status (Aboriginal and Torres Islander 3,917 (11) 2,960 (15) 957 (6.0) <0.001

Peoples) n (%)

Geographical remoteness®® n (%) <0.001
Major city 23,441 (67) 9,895 (51) 13,546 (85)

Regional 9,476 (27) 7,656 (40) 1,820 (11)
Remote 2,322 (6.6) 1,736 (9.0) 586 (3.7)

Cause of kidney failure, n (%) <0.001
Diabetic nephropathy 13,422 (38) 7,920 (41) 5,502 (34)
Glomerulonephritis 6,677 (19) 3,461 (18) 3,216 (20)

Hypertension 5,216 (15) 2,713 (14) 2,503 (16)
Not reported 341 (1.0) 174 (0.9) 167 (1.0)
Other 5,041 (14) 2,557 (13) 2,484 (16)
Polycystic disease 1,873 (5.3) 947 (4.9) 926 (5.8)
Reflux nephropathy 704 (2.0) 391 (2.0) 313 (2.0)
Uncertain 1,965 (5.6) 1,124 (5.8) 841 (5.3)

Late referral® n (%) 0.002
Late 7272 (21) 4,099 (21) 3,173 (20)

Not late 27652 (78) 15,028 (78) 12,624 (79)

Kidney transplantation, n (%) 5,682 (16) 2,852 (15) 2,830 (18) <0.001

Dialysis era, n (%) 0.8
2005-2009 11,393 (32) 6,203 (32) 5,190 (33)

2010-2014 11,080 (31) 6,077 (32) 5,003 (31)
2015-2019 12,766 (36) 7,007 (36) 5,759 (36)

Diabetes®® n (%) 17,830 (51) 10,409 (54) 7421 (47) <0.001

Chronic lung disease® n (%) 5,847 (17) 3,496 (18) 2,351 (15) <0.001

Coronary artery disease, n (%) 14,138 (40) 7915 (41) 6,223 (39) <0.001

Peripheral vascular, n (%) 8,708 (25) 4,962 (26) 3,746 (23) <0.001

Cerebrovascular, n (%) 4,997 (14) 2,792 (14) 2,205 (14) 0.091

Prevalent cardiovascular diseases®*° n (%) 17,975 (51) 10,073 (52) 7902 (50) <0.001

2Pearson’s X 2 test; Wilcoxon rank sum test.

PThe sum of column percentages may not equal to 100 due to the presence of missing values.

°Mediators.

9Prevalent vascular diseases status is defined based on coronary artery, peripheral vascular, and cerebrovascular.

Association Between Mediators, All-Cause, and
Cause-Specific Mortality

Compared with patients living in remote areas, the
adjusted HR (95% CI) for death among patients living in
urban areas was 0.91 (0.84-0.99). Compared with patients
without CVD and diabetes, the adjusted HRs (95% CI) for
death among patients with CVD and diabetes were 1.63
(1.58-1.69) and 1.27 (1.23-1.31), respectively. In addi-
tion, individuals with prevalent CVD and diabetes exhibi-
ted a higher likelihood of CVD-related mortality, with
adjusted subhazard ratios (sHRs) of 1.72 (1.62-1.83) and

1.41 (1.33-1.49), respectively. Compared with patients
living in remote areas, the sHRs (95%CI) for infection-
related mortality among those living in regional areas
was 0.75 (0.60-0.94). In addition, individuals with CVD
and diabetes exhibited a higher likelihood of infection-
related mortality, with the adjusted sHRs of 1.31 (95%
CI, 1.17-1.46) and 1.20 (95% CI, 1.08-1.33) (Table S3).

Estimation of the Direct, Mediated, and TEs

In this study, we have a single exposure variable, SES,
which is binary. We defined the reference category as high
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Figure 4. Estimation of the survival curves using IPS weighted hazard model for all causes and cause-specific mortality. (A), survival
curves using IPS weighted hazard model for all-cause mortality. (B), survival curves using IPS weighted hazard model for all CVD.
(C), survival curves using IPS weighted hazard model for infection mortality. IPS, Inverse Probability stabilised.

SES. Mediation analysis revealed that the TE of SES showed
individuals from low SES had a 17% higher probability of
death when compared with those from high SES. The
estimated hazard rate was 0.17.

Using mediation analysis, we decomposed this TE into
4 components:

1. The direct effect of SES (41.2% of the TE),

2. The mediated effect of SES through remoteness (29.4%
of the TE),

3. The mediated effect of SES through CVD (11.8% of the
TE), and

4. The mediated effect of SES through diabetes (17.6% of
the TE).

These components sum up to 100% of the TE: 41.2% +
294% +11.8% +17.6% = 100%.

Table 2 shows the bootstrap estimates of the direct,
mediated, and total effects of SES on all-cause mortality.
Compared with patients from higher SES backgrounds,
those from lower SES experienced an average higher haz-
ard rate of death (TE=0.17, 95% CI [0.12-0.23]), indi-
cating those from lower SES experienced a higher
probability of death is 17% higher than those from higher
SES. The proportions of the effect between SES and all-
cause mortality on dialysis mediated by geographical
remoteness, CVD, and diabetes were 29.4%, 11.8%,
17.6%, respectively, accounting for 58.8% of the total
effect, whereas SES directly explained 41.2% of the total
effects. Fig 5A presents a boxplot depicting the bootstrap
estimates of total direct and mediated effects.

Compared with patients from higher SES, patients from
lower SES experienced an average higher hazard rate of

Table 2. Bootstrap Estimates of All Effects of Low SES Compared With High SES on All-Cause Mortality for Patients Receiving

Dialysis in the Mediation Analysis

95% Bootstrap

Estimate® Confidence
Outcome Effect (Mean) SD Interval Percentages
All-cause Total effect of low SES 0.174 0.028 (0.120-0.228) 100%
mortality Direct effect of low SES 0.081 0.031 (0.021-0.140) 41.2%
Mediated effect of low SES through 0.053 0.012 (0.030-0.076) 29.4%
geographical remoteness
Mediated effect of low SES through diabetes 0.027 0.003 (0.021-0.032) 17.6%
gsgiated effect of low SES through prevalent 0.015 0.004 (0.006-0.024) 11.8%
CVD Total effect of low SES 0.260 0.061 (0.149-0.379) 100%
mortality Direct effect of low SES 0.185 0.059 (0.069-0.301) 70.4%
Mediated effect of low SES through diabetes 0.049 0.006 (0.037-0.062) 18.8%
g\e;giated effect of low SES through prevalent 0.028 0.007 (0.015-0.041) 10.8%
Infection Total effect of low SES 0.124 0.063 (0.000-0.249) 100%
mortality Direct effect of low SES 0.096 0.072 (0.045-0.237) 66.1%
Mediated effect of low SES through diabetes 0.028 0.007 (0.015-0.042) 22.6%
Mediated effect of low SES through prevalent 0.014 0.005 (0.004-0.023) 11.3%

CVD

Abbreviations: CVD, cardiovascular disease; SES. socioeconomic status.
This value represents the mean of the bootstrap estimates across all replications. For each bootstrap sample, the hazard rate was calculated, and the average of these
hazard rates is reported as the bootstrap estimate. Therefore, the sum of the mediated and direct effects may not exactly equal the total effect.
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A Bootstrap Estimates of Mediation Analysis on All Causes of Death B

Bootstrap Estimates of Mediation Analysis on CVD C

Bootstrap Estimates of Mediation Analysis on infection death

Figure 5. Boxplot of bootstrap estimates of mediation analysis on all causes, CVD, and infection mortality. (A). boxplot of bootstrap
estimates of total, direct, and mediated effects of low SES compared to high SES on all causes of mortality for patients treated with
dialysis. (B), boxplot of bootstrap estimates of total, direct, and mediated effects of low SES compared with high SES on CVD mor-
tality for patients treated with dialysis. (C), boxplot of bootstrap estimates of total, direct, and mediated effects of low SES compared
to high SES on infection mortality for patients treated with dialysis.

CVD-related mortality (TE=0.26, 95% CI [0.15-0.38]).
However, geographical remoteness did not mediate the
effects of SES on CVD-related mortality. On the contrary,
the effects of SES on CVD-related death were mediated by
CVD and diabetes, with CVD and diabetes contributing
10.8% and 18.8%, that is, 29.6% of the TE, whereas the
direct effect of SES accounted for 70.4% of the TE (Fig 5B;
Table 2).

Patients from low SES experienced on an average a
higher hazard rate of infection mortality compared to
those from higher SES backgrounds (TE=0.12, 95% CI
[0-0.25]). This effect only was mediated through CVD and
diabetes, with CVD and diabetes contributing, 11.3% and
22.6%, that is 33.9% of TE, while the direct effect of SES
accounted for 66.1% of the TE (Fig 5C; Table 2).

DISCUSSION

In this large contemporaneous cohort study of incident
dialysis patients spanning 15 years, we found that patients
from lower SES experienced a higher risk of all-cause,
CVD, and infection-related mortality compared with pa-
tients from higher SES. We have, quantified the extent of
the factors that mediated the relationship between SES and
health outcomes in patients treated with dialysis. We have
also shown that over 50% of the total exposure-outcome
effect for all-cause mortality was mediated through
geographical remoteness, diabetes, and CVD. Remoteness
status may explain a substantial proportion of the rela-
tionship between SES and all-cause mortality. Meanwhile,
CVD and diabetes are key mediators of the relationship
between low SES and CVD and infection-related mortality.

Previous research has explored the impact of social
disadvantage and health outcomes in patients treated with
dialysis.'® Globally, lower SES (defined by various
individual-level indicators, including income, educational
levels, perceived financial status, or neighborhood index)
is independently associated with poor overall health and
quality of life. Lower SES is also associated with reduced

access to care, increased risk of smoking and high alcohol
use, and higher risk of household food insecurity and
nutritional vulnerability.'”"'® People from food insecure
households are more likely to consume poorer quality
foods, foods that are also high in fat and refined sugar with
low nutritional value.'® This in turn, may lead to metabolic
diseases including hypertension, diabetes mellitus, and
obesity, and all of these are risk factors for premature
death. In patients suffering from chronic illnesses such as
kidney failure requiring dialysis, the impact of SES on their
overall health may be even more substantial.”’ The cu-
mulative impacts of out-of-pockets health expenditure,
coupled with altered capacity to engage in employment
and the disease burden, which has adversely affected the
caregiver’s economic and financial status, may have exac-
erbated the inequities observed in health outcomes in
patients treated with dialysis.”'

Understanding the reciprocal relationship between SES
and health and decomposing the factors that lie in these
pathways in patients with kidney failure enables re-
searchers, policy makers, and health professionals to devise
novel strategies and interventions to address the social
determinants of health and advocate for policies at the
local, national, and global levels to promote health equity.
We did not adjust for sociodemographic variables and
comorbid conditions, as our direct acyclic graph (Fig 2)
indicates that these factors act as potential mediators in the
relationship between socioeconomic disadvantage and
health outcomes. Adjusting for mediators in the analysis
could lead to overadjustment bias, potentially under-
estimating the true effect of socioeconomic disadvantage
on health outcomes.”” Our findings emphasize the
importance of shifting the focus from SES alone to the
specific modifiable mediators that link SES to survival in
dialysis patients. By identifying remoteness, diabetes, and
vascular disease as key factors in this pathway, we high-
light actionable targets for reducing disparities in out-
comes. Rather than treating SES as a fixed determinant,
interventions should directly address these mediators, such
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as improving health care access in remote areas, enhancing
diabetes management, and tackling vascular complications.
Acting on these factors has the potential to improve sur-
vival and reduce inequities in dialysis care meaningfully.
Future research should prioritize evaluating and imple-
menting targeted strategies to mitigate the impact of these
mediators. In this study, we found that geographical
remoteness is a major driver for disparate health outcomes
among those from disadvantaged backgrounds. This is not
unexpected, as access to care in rural and remote areas is
limited by many factors, including fewer specialist care,
lack of modern health care technologies, limited dialysis
infrastructure, reduced access to transplantation services,
and higher costs of delivering care.”” Delayed chronic
kidney disease diagnosis and late referral are also common
for patients living in rural and remote areas. Late referral
has been shown to be associated with higher rates of
complications, comorbid conditions, and death.”” Once
diagnosed with kidney failure, patients are required to
travel long distances to receive the dialysis training and
treatments. The lack of specialist care in rural and remote
areas may pose many challenges when patients with
complex illness seeking care and include, delay in appro-
priate diagnostic testing and treatments and lack of access
to relevant medical and surgical expertise and these bar-
riers may also be amplified by other social factors such as
low health literacy, cultural differences, and poverty, and
medical factors such as multicomorbid conditions.
Addressing these downstream factors by increasing diag-
nostic services and different models of care such as
developing the necessary infrastructure for e-Health and
mobile dialysis units, may transform care delivery for rural
and remote communities and enables patients with com-
plex needs to attend medical appointments closer to home.
Our study findings also suggested that the presence of
diabetes and vascular disease are potential intervening
factors that may bridge the health gaps between social
disadvantage and infection and CVD-related mortality. In
Australia, universal health coverage via the Medicare en-
sures all residents have free health care services irrespective
of their insurance or financial status. Despite the provision
of free health care, rural and remote households experi-
ence increased financial pressure due to extremely high
out-of-pocket costs in accessing chronic kidney disease
treatment and other health related care.”” Improved access
to specialist services through telemedicine and modern
technology may enhance accessibility and efficiency, allow
remote review and assessments of glucose monitoring, and
promote active shared decision-making between patients
and their health care professionals. In addition, virtual and
in-person patient navigators may improve the care coor-
dination and assist vulnerable patients to seek medical care,
and to overcome the many barriers (language, cultural,
and financial) that patients from low SES backgrounds may
experience.””

Removing confounding bias from observational studies
poses significant challenges, necessitating the use of
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specific statistical methodologies. One of these challenges
involves addressing the confounding effects. Although
randomization can effectively eliminate confounding bias
in interventional studies, this option is not viable in
observational research. Consequently, we must apply
methodologies capable of mitigating confounding effects.
Merely including confounders in the model does not
guarantee elimination of their influences.

In this article, we implemented inverse probability
stabilized weights as a method to address confounding
effects by reweighting observations. This approach aims to
achieve a balanced distribution of confounders between
low SES and high SES backgrounds, resembling the effect
of randomization. Specifically, we applied this technique
to analyze time-to-event data, seeking to estimate the
overall impact of SES on mortality. Additionally, we con-
ducted a mediation analysis to assess how much of this TE
could be mediated through factors such as geographical
remoteness, prevalent CVD, and diabetes. Using this
framework, we could address the complex relationships
using time-to-event analysis in the presence of competing
events.

Our study effectively uses complex statistical method-
ologies to address confounding bias when examining
associative relationships using observational data. How-
ever, our study has some limitations. Despite our best ef-
forts, we were unable to account for other unobserved
confounders in the analyses, as some of these factors, such
as hospitalisation and metrics for access to care were not
being captured within the registry. In addition, the cu-
mulative impact of these unmeasured factors including
drug doses, blood pressure, blood sugar levels, and other
biochemical parameters, may have an ordered mediated
effect on mortality and may be more appropriately assessed
using sequential mediation analyses. Given the lack of in-
dividual patient SES measures within the registry, area-
level SES measures were used as proxies. As such, there
is a chance of exposure misclassification, and may result in
attenuation of the SES effects on mortality.”® This limita-
tion arises because area-level SES may not accurately reflect
the specific socioeconomic conditions of individuals
within the same region, leading to potential mis-
interpretations when assessing the association between SES
and individual health outcomes. Furthermore, area-level
SES measures do not account for key individual-level de-
terminants such as education, income, employment, and
financial status, all of which can significantly impact health
outcomes. While area SES may influence health care access,
it does not fully capture personal lifestyle factors or be-
haviors, which are often shaped by an individual’s unique
economic and educational circumstances. Additionally,
there is substantial heterogeneity within areas where some
individuals in lower SES regions may have higher incomes
or skilled occupations. In comparison, higher SES regions
may still include households with lower incomes or less-
skilled jobs. These factors complicate the interpretation
of SES effects based solely on area-level measures.”’
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Although the literature includes more granular and diverse
types of area-level data, such as large-scale data like street-
level images, which help better understand neighborhood
inequalities and the influence of the built environment on
disease outcomes, such detailed data are not provided by
the ANZDATA registry.l8 In addition, the Index of Relative
Socioeconomic Advantage and Disadvantage scores were
derived from census data and therefore, we were unable to
capture the individual-level variations. potential cultural
differences that may have contributed to socioeconomic
disadvantages and the temporal changes of an individual
patient when their socioeconomic conditions altered over
time. Potential misclassification of the mediator may also
occur as remoteness also relies on aggregated data derived
from post codes. For example, patients living in remote
areas may still have access to quality care and resources as
infrastructure and facilities may change over time. Finally,
we have not explored the bidirectional relationship be-
tween SES and remoteness on death. As rising costs of
living and housing prices emerged from a growing trend
of urban gentrification, it may cause displacement of the
vulnerable (patients from lower SES) to regional and
remote areas of Australia and thus increase health dispar-
ities across socioeconomic status. Although the association
between SES and remoteness is incontestable, studies have
shown that remoteness can further exacerbate SES in-
equities through reduced access to quality care, relative
social isolation, and poor health literacy and subsequently
lead to poor health outcomes.

In conclusion, we have shown, for the first time, the
complex and yet interrelated relationships between so-
cioeconomic disadvantage and death in patients treated
with dialysis are mediated by not just a single factor, but
the joint effects of multicomorbid conditions and
remoteness. Multimodel interventions that target these
factors may reduce the socioeconomic disparity in survival
and help to improve the social fairness and sustainability in
patients with kidney failure.

SUPPLEMENTARY MATERIALS
Supplementary File (PDF)

Table S1: Distribution of the Number of Deaths on Dialysis With the
Specific Causes and Time to Death (Days and Year) by SES.

Table S2: Association Between Exposure (SES) and Mediators
(Geographical Remoteness, Diabetes, and Prevalent CVD) for Pa-
tients Receiving Dialysis Adjusted for Confounders.

Table S3: Association Between Mediators and All-Cause and
Cause-Specific Mortality for Patients Receiving Dialysis Adjusted for
Confounders.

ARTICLE INFORMATION

Authors’ Full Names and Academic Degrees: Farzaneh
Boroumand, PhD, Wai H. Lim, PhD, Shuvo Bakar, PhD, Ryan
Gately, FRACP, Pedro Lopez, PhD, Dharshana Sabanayagam,
FRACP, Anita van Zwieten, PhD, Lin Zhu, PhD, Germaine Wong,
PhD, and Armando Teixeira-Pinto, PhD

10

Authors’ Affiliations: Sydney School of Public Health, University of
Sydney, Sydney, Australia (FB, SB, DS, AvZ, LZ, GW, AT-P); School
of Mathematical and Physical Sciences, Macquarie University,
Sydney, Australia (FB); Center for Kidney Research, Kids
Research Institute, The Children’'s Hospital at Westmead,
Westmead, New South Wales, Australia (FB, DS, AvZ, GW, AT-P);
School of Medical and Health Sciences, Edith Cowan University,
Perth, Western Australia, Australia (WHL); Department of Renal
Medicine, Sir Charles Gairdner Hospital, Perth, Western Australia,
Australia (WHL); Medical School, University of Western Australia,
Perth, Western Australia, Australia (WHL); Department of Kidney
and Transplant Services, Princess Alexandra Hospital, Brisbane,
Australia (RG); Pleural Medicine Unit, Institute for Respiratory
Health, Perth, Western Australia, Australia (PL); Medical School,
Faculty of Health & Medical Sciences, University of Western
Australia, Perth, Western Australia, Australia (PL); Grupo de
Pesquisa em Exercicio para Populagoes Clinicas (GPCLIN),
Universidade de Caxias do Sul, Caxias do Sul, Rio Grande do Sul,
Brazil (PL); and Department of Renal and Transplantation
Medicine, Westmead Hospital, New South Wales, Australia (DS).

Address for Correspondence: Farzaneh Boroumand, PhD, Sydney
School of Public Health, University of Sydney 2006, NSW, Australia.
Email: Farzaneh.boroumand@sydney.edu.au

Authors Contributions: Research idea and study design: FB, AT-P,
GW, and WHL; statistical analysis: FB; interpretation: FB, AT-P, GW,
WHL, SB, RG, PL, DS, AvZ, and LZ; supervision or mentorship: AT-
P and GW. Each author contributed important intellectual content
during article drafting or revision and accepts accountability for
the overall work by ensuring that questions pertaining to the
accuracy or integrity of any portion of the work are appropriately
investigated and resolved.

Support: None.

Financial Disclosure: The authors declare that they have no
relevant financial interests.

Acknowledgements: The authors acknowledge the University of
Sydney HPC service at the University of Sydney for providing
resources that have contributed to the research results reported
within this article.

Peer Review: Received November 7, 2024, as a submission to the
expedited consideration track with external peer reviews. Direct
editorial input from the Statistical Editor, an Associate Editor, and
the Editor-in-Chief. Accepted in revised form April 29, 2025.

REFERENCES

1. Sarnak MJ, Jaber BL. Mortality caused by sepsis in patients
with end-stage renal disease compared with the general pop-
ulation. Kidney Int. 2000;58(4):1758-1764. doi:10.1111/j.
1523-1755.2000.00337.x

2. Bello AK, Okpechi IG, Osman MA, et al. Epidemiology of
haemodialysis outcomes. Nat Rev Nephrol. 2022;18(6):378-
395. doi:10.1038/s41581-022-00542-7

3. de Jager DJ, Grootendorst DC, Jager KJ, et al. Cardiovascular and
noncardiovascular mortality among patients starting dialysis.
JAMA. 2009;302(16):1782-1789. doi:10.1001/jama.2009.1488

4. Neovius M, Jacobson SH, Eriksson JK, Elinder C-G, Hylander B.
Mortality in chronic kidney disease and renal replacement ther-
apy: a population-based cohort study. BMJ Open. 2014;4(2):
€004251. doi:10.1136/bmjopen-2013-004251

5. Tao S, Zeng X, Liu J, Fu P. Socioeconomic status and mortality
among dialysis patients: a systematic review and meta-analysis.
Int Urol Nephrol. 2019;51(3):509-518. doi:10.1007/s11255-
019-02078-5

Kidney Med Vol 7 | Iss 9 | September 2025 | 101061


https://doi.org/10.1016/j.xkme.2025.101061
mailto:Farzaneh.boroumand@sydney.edu.au
https://doi.org/10.1111/j.1523-1755.2000.00337.x
https://doi.org/10.1111/j.1523-1755.2000.00337.x
https://doi.org/10.1038/s41581-022-00542-7
https://doi.org/10.1001/jama.2009.1488
https://doi.org/10.1136/bmjopen-2013-004251
https://doi.org/10.1007/s11255-019-02078-5
https://doi.org/10.1007/s11255-019-02078-5

Boroumand et al

6.

10.

11.

12.

13.

14.

15.

16.

17.

Norris KC, Williams SF, Rhee CM, et al. Hemodialysis dispar-
ities in African Americans: the deeply integrated concept of
race in the social fabric of our society. Semin Dial. Wiley Online
Library. 2017;30(3):213-2283. doi:10.1111/sdi.12589

Lim WH, Chen JHC, Minas K, et al. Sex disparity in cause-
specific and all-cause mortality among incident dialysis pa-
tients. Am J Kidney Dis. 2023;81(2):166-167.e1. doi:10.1053/
j-ajkd.2022.07.007

Agardh E, Allebeck P, Hallgvist J, Moradi T, Sidorchuk A. Type 2
diabetes incidence and socio-economic position: a systematic
review and meta-analysis. Int J Epidemiol. 2011;40(3):804-
818. doi:10.1093/ije/dyr029

Khaing W, Vallibhakara SA, Attia J, McEvoy M, Thakkinstian A.
Effects of education and income on cardiovascular outcomes:
A systematic review and meta-analysis. Eur J Prev Cardiol.
2017;24(10):1032-1042. doi:10.1177/2047487317705916
Ghin P, Ainsworth S. The Great Migration: Leaving Our Cities
for the Regions. Future of Work Laboratory. University of Mel-
bourne; 2022.

Australian Bureau of Statistics. Socio-economic indexes for
areas (SEIFA); 2016. Accessed July 18, 2025. https://www.
abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.
0.55.001 ~2016 ~Main%20Features ~Data~ 2

Australian Bureau of Statistics. Census population housing
socioeconomic indexes for areas (SEIFA), Australia; 2016.
Accessed July 18, 2025. https://www.abs.gov.au/statistics/
people/people-and-communities/socio-economic-indexes-areas-
seifa-australia/latest-release#index-of-relative-socio-economic-
advantage-and-disadvantage-irsad-

Hernan MA. How to estimate the effect of treatment duration
on survival outcomes using observational data. BMJ.
2018;360:k182. doi:10.1136/bmj.k182

Yu Q, Wu X, Li B, Scribner RA. Multiple mediation analysis with
survival outcomes: with an application to explore racial disparity
in breast cancer survival. Stat Med. 2019;38(3):398-412. doi:
10.1002/sim.7977

Li QYB MMA. Multiple Mediation Analysis. R Package Version.
2022;10.6-1.

Morton RL, Schlackow |, Mihaylova B, Staplin ND, Gray A,
Cass A. The impact of social disadvantage in moderate-to-
severe chronic kidney disease: an equity-focused systematic
review. Nephrol Dial Transplant. 2016;31(1):46-56. doi:10.
1093/ndt/gfu394

Darin-Mattsson A, Fors S, Kéareholt I. Different indicators of
socioeconomic status and their relative importance as

Kidney Med Vol 7 | Iss 9 | September 2025 | 101061

18.

19.

20.

21.

22.

283.

24,

25.

26.

27.

28.

Kidney Medicine

determinants of health in old age. Int J Equity Health.
2017;16(1):173. doi:10.1186/s12939-017-0670-3

Collins SE. Associations between socioeconomic factors and
alcohol outcomes. Alcohol Res. 2016;38(1):83-94.

McKenzie HJ, McKay FH. Food as a discretionary item: the impact
of welfare payment changes on low-income single mother’s food
choices and strategies. J Pover Soc Justice. 2017;25(1):35-48.
doi:10.1332/175982716X14822521840954

Zhu M, Mota L, Farber A, et al. The impact of neighborhood
social disadvantage on presentation and management of first-
time hemodialysis access surgery patients. J Vasc Surg.
2023;78(4):1041-1047.e1. doi:10.1016/}.jvs.2023.05.044
Essue BM, Wong G, Chapman J, Li Q, Jan S. How are patients
managing with the costs of care for chronic kidney disease in
Australia? A cross-sectional study. BMC Nephrol. 2013;14:5.
doi:10.1186/1471-2369-14-5

van Zwieten A, Dai J, Blyth FM, Wong G, Khalatbari-Soltani S.
Overadjustment bias in systematic reviews and meta-analyses
of socio-economic inequalities in health: a Meta Research
scoping review. Int J Epidemiol. 2024;53(1):dyad177. doi:10.
1093/ije/dyad177

Scholes-Robertson N, Blazek K, Tong A, et al. Financial toxicity
experienced by rural Australian families with chronic kidney dis-
ease. Nephrology (Carlton). 2023;28(8):456-466. doi:10.1111/
nep.14192

Sprangers B, Evenepoel P, Vanrenterghem Y. Late referral of pa-
tients with chronic kidney disease: no time to waste. Mayo Clin
Proc. Elsevier. 2006;81(11):1487-1494. doi:10.4065/81.11.1487
McBrien KA, Ivers N, Barnieh L, et al. Patient navigators for
people with chronic disease: a systematic review. PLOS One.
2018;13(2):e0191980. doi:10.1371/journal.pone.0191980
Moss JL, Johnson NJ, Yu M, Altekruse SF, Cronin KA. Com-
parisons of individual- and area-level socioeconomic status as
proxies for individual-level measures: evidence from the Mor-
tality Disparities in American Communities study. Popul Health
Metr. 2021;19(1):1. doi:10.1186/s12963-020-0024 4-x
Statistics ABo. IRSAD—index of relative socio-economic advan-
tage and disadvantage; 2016. Accessed July 18, 2025. https://
www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2
033.0.55.001 ~2016 ~Main%20Features ~IRSAD ~ 20
Yang Y, Cho A, Nguyen Q, Nsoesie EO. Association of
neighborhood racial and ethnic composition and historical
redlining with built environment indicators derived from street
view images in the US. JAMA Netw Open. 2023;6(1):
€2251201. doi:10.1001/jamanetworkopen.2022.51201

11


https://doi.org/10.1111/sdi.12589
https://doi.org/10.1053/j.ajkd.2022.07.007
https://doi.org/10.1053/j.ajkd.2022.07.007
https://doi.org/10.1093/ije/dyr029
https://doi.org/10.1177/2047487317705916
http://refhub.elsevier.com/S2590-0595(25)00097-4/sref10
http://refhub.elsevier.com/S2590-0595(25)00097-4/sref10
http://refhub.elsevier.com/S2590-0595(25)00097-4/sref10
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012016?OpenDocument
https://doi.org/10.1136/bmj.k182
https://doi.org/10.1002/sim.7977
https://doi.org/10.1002/sim.7977
http://refhub.elsevier.com/S2590-0595(25)00097-4/sref15
http://refhub.elsevier.com/S2590-0595(25)00097-4/sref15
https://doi.org/10.1093/ndt/gfu394
https://doi.org/10.1093/ndt/gfu394
https://doi.org/10.1186/s12939-017-0670-3
http://refhub.elsevier.com/S2590-0595(25)00097-4/sref18
http://refhub.elsevier.com/S2590-0595(25)00097-4/sref18
https://doi.org/10.1332/175982716X14822521840954
https://doi.org/10.1016/j.jvs.2023.05.044
https://doi.org/10.1186/1471-2369-14-5
https://doi.org/10.1093/ije/dyad177
https://doi.org/10.1093/ije/dyad177
https://doi.org/10.1111/nep.14192
https://doi.org/10.1111/nep.14192
https://doi.org/10.4065/81.11.1487
https://doi.org/10.1371/journal.pone.0191980
https://doi.org/10.1186/s12963-020-<?thyc=10?>00244-x<?thyc?>
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001%7E2016%7EMain%20Features%7EIRSAD%7E20
https://doi.org/10.1001/jamanetworkopen.2022.51201

	Socioeconomic Disadvantage, All-Cause and Cause-Specific Mortality in Patients Treated With Maintenance Dialysis: A Mediati ...
	Methods
	Study Population
	Study Covariates
	Exposure Factor
	Mediators
	Clinical Outcomes
	Statistical Analysis

	Results
	Baseline Characteristics of the Study Cohort
	Study Outcome Measures
	The Effect of SES on All-Cause Mortality
	The Effect of SES on CVD-Related Mortality
	The Effect of SES on Infection-Related Mortality
	Mediation Analysis
	Association Between SES and Mediators
	Association Between Mediators, All-Cause, and Cause-Specific Mortality
	Estimation of the Direct, Mediated, and TEs


	Discussion
	Supplementary Materials
	References


