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Figure 1

Associations between socioeconomic status (SES) and chronic kidney disease (CKD) prevalence. (Parts A-D demonstrate different

associations between SES indicators and CKD incidence in the form of lower income, education level, occupation status and combined SES,

respectively.)

Asia,** 1 ¥ 4 Africa,** Mexico,”® Brazil*” and Australia®® were
published between 2003 and 2016. Most studies focused on
associations between CKD prevalence and income (n=17) or
education (n=14). Significant associations were found between
prevalence and most indicators of SES: lower income (OR
1.34, 95%CI (1.18 to 1.53), P<0.001; I*=73.0%, P=0.05);
lower education (OR 1.21, 95%CI (1.11 to 1.32), P<0.001;
’=45.20%, P=0.034); and lower combined index (OR
2.18, 95%CI (1.64 to 2.89), P<0.001; 1=0.0%, P=0.326)
(figure 1A-D). Lower level occupations were not associated
with prevalence (OR 1.09, 95%CI (0.96 to 1.23), P=0.168;
’=26.4%, P=0.227).

Five cohort studies and three case—control
studies® * * explored the relationship between SES and CKD
incidence. Incidence was significantly associated with lower
income (RR 1.59, 95%CI (1.23 to 2.04), P<0.01; I*=0.0%,
P=0.5/OR 2.00, 95%CI (1.49 to 2.60), P<0.001; n=1),
occupation level (RR 1.72, 95%CI (1.31 to 2.25), P<0.01;
n=1/OR 1.70, 95%CI (1.18 to 2.45), P=0.005; n=1) and
combined index (RR 1.17,95% CI (1.12 to 1.23), P<0.01; n=1/
OR 2.18, 95%CI (1.64 to 2.89), P=0.003), but had no associ-
ation with lower educational level (RR 1.16, 95%CI (0.82 to
1.63), P=0.4; ’=71.8%, P=0.03/OR 2.66, 95%CI (0.57 to
12.43), P=0.212; [*=89.5%, P=0.002) (figure 2).

8 26 50 54 55

The association between SES and CKD progression

Twelve cohort studies’ '¢ 18720 23 38 60-62:65 66 1 yided RRs for
the association between CKD progression and indicators of
SES, mostly income (n=7) or education (n=7). Progression was
significantly associated with lower income (RR 1.24, 95%CI
(1.12 to 1.37), P<0.001; I*=66.6%, P=0.006), lower level
occupation (RR 1.05, 95%CI (1.01 to 1.09), P=0.012;
*=0.0%, P=0.796) and lower combined SES (RR 1.39, 95% CI

(1.09 to 1.79), P=0.009; I*=74.2%, P=0.009). There was no
significant association with education (RR 1.11, 95% CI (0.94 to
1.30), P=0.218; I*=71.3%, P=0.002) (figure 3A-D). Two case—
control studies®® ®* showed significant associations between
lower income and CKD progression (OR 3.83, 95%CI (2.28 to

Figure 2 Associations between socioeconomic status (SES) and
chronic kidney disease (CKD) incidence (by different study designs with
each SES indicator). ES, effect size.
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Figure 3  Associations between socioeconomic status (SES) and chronic kidney disease (CKD) progression to end-stage renal disease (ESRD). (Parts
A-D demonstrate different associations between SES indicators and CKD progression in the form of lower income, education level, occupation status

and combined SES, respectively.) RR, risk ratio.

6.42), P<0.001; I*=30.0%, P=0.232). No single studies exerted
an obviously excessive influence on the associations.

Subgroup analyses
The associations between CKD prevalence and progression and
the indicators of SES varied across several factors (see table 2).
We also planned to use gender but there were insufficient data.
When relative estimations were fully adjusted for comorbid
conditions, health access and health-related behaviours, the
associations between CKD prevalence and lower income and
education level were still significant, with lower heterogeneity
(income: OR 1.46, 95% CI (1.23 to 1.74), P<0.001; [*=49.49%,
P=0.139; education: OR 1.11, 95% CI (1.03 to 1.20), P=0.008;
[*=0.0%, P=0.398). All the significant associations between
lower income, education and occupation and SES prevalence
were observed in high-income (income: OR 1.49, 95%CI
(1.32 to 1.67), P<0.001; [*=50.1%, P=0.024; education: OR
1.19, 95%CI (1.06 to 1.34), P=0.003; 1*=40.7%, P=0.120;
occupation: OR 1.21,95% CI (1.06 to 1.38), P=0.004; I*=0.0%,
P=0.849), but not upper middle-income countries (income:
OR 1.20, P=0.340; education: OR 1.28, P=0.163; occupa-
tion: OR 0.91, P=0.293). The association between prevalence
and education was similar in the USA, Europe and Asia-Pacific
Region (OR=1.17, 1.18, 1.21; P=0.783), but the association
between prevalence and lower income was more marked in the
USA than Europe (OR=1.55 vs 1.14; P=0.013). The results of
studies from the 2000s and 2010s were similar (comparison of
ORs from subgroups of 2000s vs 2010s in income (P=0.809), in
education (P=0.974) and occupation (P=0.353)).

All the cohort studies on the association between SES and
disease progression were conducted in high-income countries,
and there was a significant association between lower income

and progression in several geographic areas (USA: RR 1.27,
95%ClI (1.08 to 1.50), P=0.004; European countries: RR 1.19,
95%CI (1.13 to 1.26), P<0.001). The association between
lower educational attainment and disease progression in Europe
(RR 1.23, 95%CI (1.17 to 1.30), P<0.001; I*=0.0%, P=0.861)
was statistically significant but inconsistent with the overall
trend. If the analysis was limited to studies that fully adjusted for
disease-related risk factors, the associations between progression
and lower income and education level were insignificant (OR
1.29 vs 1.06, P=0.276 vs 0.742). More studies were published
after 2010, accounting for more than half of the eligible studies
on both income and education, with similar results (RR 1.39,
959 CI (1.11 to 1.74), P=0.004; RR 1.07, P=0.454) with
substantial heterogeneity (I>=75.0%, P=0.007; 1*=68.1%,
P=0.014). (See table 3.)

The publication bias funnel plots and results of Begg’s test and
Egger’s test (online supplementary figures 2.1-2.3, 3.1, 3.2)
showed no publication bias except for studies on the association
between income and disease progression (Egger’s test P=0.05).
Publication bias analysis was not possible on other indicators of
SES because of the limited number of studies.®”

DISCUSSION

This meta-analysis has shown several associations between indi-
vidual indicators of SES and CKD prevalence and progression.
The effect sizes of these associations varied by national income,
geographic location and level of adjustment. Lower income and
education level were strongly associated with CKD prevalence in
high-income countries, except Europe. Disease progression was
associated with lower income in the USA and Europe, but the
association with lower educational attainment was only signif-
icant in Europe.
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Table 2 Pooled OR (from cross-sectional) of CKD prevalence in the lower SES indicators compared with the higher in series of subgroup analyses

Income Education Occupation
Subgroup (prevalence) n  OR(95%Cl) 1>(P) n  OR(95% Cl) 1% (P) n  OR(95% Cl) 1> (P)
Overall 17 1.34(1.18t0 1.53) 73.0% (0.050) 14 1.21(1.11t01.32)  452%(0.034) 7 1.09 (0.96t0 1.23)  26.4% (0.227)
Geographic area
USA 9 1.55(1.37t01.75) 47.8% (0.053) 4 1.17(1.01t01.36) 38.8% (0.179) 1 1.12(0.82t01.52) -
Europe 3 1.14(0.93 t0 1.41) 33.3% (0.223) 2 1.18(0.741t0 1.88)  82.0% (0.018) 2 1.12(0.89t0 1.41) 55.0% (0.136)
Asian-Pacific Region 3 1.01 (0.85 to 1.20) 0.0% (0.516) 5 1.21(1.09t01.33) 2.6% (0.392) 2 1.27 (0.99 to 1.62) 0.0% (0.975)
Latin America 2 1.35(0.70 to 2.59) 88.3% (0.003) - - - 2 0.87 (0.69 to 1.09) 0.0% (0.780)
Africa () - 1 1.18(0.46t03.03) - 0 - -
Country's income level
High 12 1.49(1.32t0 1.67) 50.1% (0.024) 6 1.18(1.04t01.35  46.0% (0.099) 3 1.21 (1.06 to 1.38) 0.0% (0.8490)
Upper middle 3 1.20(0.83 t0 1.74) 79.6% (0.007) 3 1.28(0.90t01.82)  81.3% (0.005) 3 0.91 (0.76 to 1.08) 0.0% (0.802)
Lower middle 2 0.98(0.81t01.17) 0.0% (0.779) 4  1.25(1.13t0 1.39) 0.0% (0.695) 1 1.27(0.92t0 1.76) -
Low 0o - - 1 1.18(0.46t03.03) - 0 - -
Adjustments for CKD-related risk factors
None 5 1.66 (1.25 t0 2.20) 72.7% (0.005) 3 1.67(1.34t02.06) 0.0% (0.398) 1 0.83(0.56t01.24) -
Health behaviours 1 0.99(0.76t0 1.30) - 1 0.93(0.71t01.21) - 1 0.97 (0.74t01.27) -
Comorbid conditions 1 1.24(0.941t01.65) - 0 - - 1 1.23(1.05t0 1.44) -
+Health behaviours 7 1.20 (0.99 to 1.45) 74.7% (<0.001) 8 1.23(1.14t01.33) 0.0% (0.630) 4 1.10(0.93t0 1.30)  14.3% (0.321)
+Healthcare access 3 1.46 (1.23t0 1.74) 49.4% (0.139) 2 1.11 (1.03 to 1.20) 0.0% (0.398) 0 - -
Study period
2000s 7 1.35(1.14 0 1.60) 42.2% (0.109) 5 1.24(097t01.57) 68.3%(0.013) 4 1.13(0.94 t0 1.34) 3.2% (0.376)
2010s 10 1.34(1.11 t0 1.62) 81.6% (<0.001) 9 1.20(1.10t01.30)  27.4% (0.200) 3 1.05(0.85t01.29)  60.0% (0.082)
CKD definitions
MDRD equation 9 1.24(1.08t0 1.43) 40.2% (0.099) 9 1.16(1.09to 1.25) 9.9% (0.352) 3 1.21 (1.00 to 1.46) 0.0% (0.83)
EPI equation 7 1.40 (1.13t0 1.75) 83.6% (<0.001) 4  1.23(0.99t01.53)  55.0% (0.084) 3 1.05(0.85t01.29)  60.0% (0.082)
CG/BSA equation 1 191 (1.32t02.78) - 1 197(137t02.83) - 1 0.83(0.56t0 1.25) -

CG/BSA, Cockcroft-Gault normalised to body surface area equation; CKD, chronic kidney disease; EPI, epidemiology collaboration equation; MDRD, Modification of Diet in Renal Disease

Study; SES, socioeconomic status.

Interactions between indicators of SES may bring statistical
artefacts, especially for parameters with significant associations
such as income and education level. A previous study clarified
that indicators of SES are only modestly correlated with each
other, and we found that income was still associated with CKD
prevalence even after full adjustment for other indicators. Indi-
cators of SES are therefore not directly comparable and may be
independently associated with health outcomes to some degree.

The association between lower income and CKD preva-
lence could be attributed to food insufficiency, inadequate
nutritional intake, exposure to environmental toxins, infection
and/or inflammation, distress or anxiety over income disadvan-
tage, inadequate health insurance and poorer access to quality
healthcare services.™ ** 5% °¢ Inadequate diet and unhealthy life-
styles were likely to be associated with obesity, diabetes mellitus
and hypertension, which may be causally linked to kidney
disease.® ®® There was a significant association in high-income
but not upper middle-income countries. This might be partly
explained by differences in healthcare and insurance systems.
Socialised medicine systems in some upper middle-income coun-
tries might attenuate the association between income and CKD.
Income-related and education-related inequalities might also
be smaller in countries providing relatively generous universal
welfare, such as Scandinavian countries.®” The effect size was
larger in the USA than in Europe, which might be partly because
of stricter guidelines on comorbidity management in Europe,””

and a publicly financed healthcare system in most European
Union member states.”"

The association between lower educational attainment and
CKD was complex, as it may be mediated by behavioural risk
factors. For example, several studies”””* have found that lower
education is linked to various CKD-related behavioural risk
factors (smoking and alcohol, poor diet planning ability and lack
of physical activity), and chronic conditions leading to secondary
CKD, such as diabetes and hypertension. Better education
enables individuals to make better healthcare decisions and
obtain better access to healthcare interventions and plans,” so
helps to improve general health in individuals and their chil-
dren.”” Interestingly, awareness of CKD is not linked to educa-
tion level. For example, one study® found that the majority of
subjects with more than high school education were unaware of
their CKD status

Only a few studies have examined the association between
occupation and CKD, and occupation categories were not stan-
dard, but each OR or RR maximised the comparability. Individ-
uals with lower level occupations were more likely to be exposed
to hazardous working conditions,” and blue collar workers were
more likely to be obese than white collar workers.®® 7”7 Obesity
is a significant risk factor for diabetes and hypertension,”® and
in turn to CKD. The potential mechanisms linking lower level
occupations to CKD onset included fewer nephrons, neph-
rotoxins (analgesics), and poor diet and health behaviours.’®
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Table 3  Pooled RR (from cohort studies) of CKD progression in the lower SES compared with the higher in series of subgroup analyses

Income Education
Subgroup (progression) n RR (95%Cl) 12 n RR (95%Cl) 12
Overall 7 1.24 (112 10 1.37) 66.6% (0.006) 7 1.11 (0.94 to 1.30) 71.3% (0.002)
Geographic area
USA 6 1.27 (1.08 to 1.50) 72.5% (0.003) 5 1.06 (0.86 to 1.32) 71.3% (0.002)
Europe 1 1.19(1.13t0 1.26) - 2 1.23(1.17 t0 1.30) 0.0% (0.861)
Asia 0 - - 0 - -
Country's income group
High 7 1.24(1.12 t0 1.37) 66.6% (0.006) 7 1.11 (0.94 to 1.30) 75.6% (0.001)
Middle 0 - - 0 - -
SES-related risk factor adjustments
None 3 1.19(1.03 t0 1.37) 78.4% (0.010) 3 1.23(1.16t0 1.29) 0.0% (0.579)
Health behaviours 0 - - 1 0.90 (0.69 10 0.18) -
Comorbid conditions 1 1.45(1.23t0 1.71) - 1 1.11(0.93 t0 1.33) 75.6% (0.001)
+Health behaviours 2 1.18 (0.93 t0 1.52) 54.6% (0.138) 1 0.93 (0.80 to 1.09) -
+Healthcare access 1 1.29(0.82 to 2.04) - 1 1.06 (0.75 to 1.50) -
CKD progression definitions
Initiation of RRT 4 1.26 (1.10 to 1.45) 80.4% (0.002) 5 1.16 (0.96 to 1.41) 75.2% (0.003)
Initiation of RRT or death from renal failure 1 1.30 (1.12 to 1.50) B 0 - -
Scr elevation 1 1.00 (0.73 to 1.37) - 1 0.90 (0.69 t0 0.18)
30% eGFR decline 1 1.29 (0.82 to 2.04) - 1 1.06 (0.75 to 1.50) -
Study design
Prospective 6 1.26 (1.13 to 1.40) 70.1% (0.005) 4 1.07 (0.88 to 1.29) 76.0% (0.006)
Retrospective 1 1.00 (0.80 to 1.50) - 3 1.20 (0.76 to 1.91) 76.25 (0.015)
Time period
1990s 2 1.19(1.02 t0 1.38) 70.1% (0.067) 0 - -
2000s 1 1.00 (0.80 to 1.50) - 2 1.18 (0.69 to 2.02) 88.0% (0.004)
2010s 4 1.39(1.11 t0 1.74) 75.0% (0.007) 5 1.07 (0.89 t0 1.29) 68.1% (0.014)

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; RR, risk ratio; RRT, renal replacement therapy; Scr, serum creatinine; SES, socioeconomic status.

Finally, social status itself might confer health benefits, possibly
via psychosocial mechanisms, regardless of economic elements.””

Our review was rigorous in maximising its completeness
and quality of evidence. To explore potential confounders,
we conducted subgroup and sensitivity analyses to distinguish
and diminish heterogeneity. Substantial heterogeneities were
detected across the studies analysed and could not be effec-
tively eliminated even in subgroups. The heterogeneities across
countries may have been because of differences in economic
or healthcare systems, and income distribution. This paper is
the first attempt, to our knowledge, to include all the specific
determinants of SES and elements of CKD when studying the
associations between these two issues. It is in line with the view
that association studies should not rely on just one indicator of
SES, as each one represents a different causal process or pathway
and they should not be used interchangeably.®” The population
in our meta-analysis covered more geographic areas, national
income levels and CKD definitions than the previous meta-anal-
ysis.” We also adjusted the results for CKD-related healthcare
access and health-related behaviours to explore clearer associ-
ations and possible mechanisms than socioeconomic indicators
alone could provide. Our study reflects the global population
(North America, Europe, Asia-Pacific Region, Latin America and
Africa), including regions with different economic and social
development levels (developed countries and low-income and
middle-income countries).

This paper has several limitations. First, income, education
level, occupation and the combined index were defined and clas-
sified differently in the studies analysed. Second, the definition
of CKD also varied, which may lead to overdispersion of the
estimated effects. Third, there might have been some selection
bias in the study samples. For example, in some studies, subjects
were recruited from enterprises or factories that offered phys-
ical examinations for employees. These subjects might therefore
have better overall health than the general population. Finally,
few studies explored the association between occupation and
CKD, or with CKD incidence as an outcome.

Most studies on the association between SES and CKD prev-
alence were cross-sectional and not fully adjusted for disease-re-
lated risk factors including access to healthcare (insurance or
routine healthcare visits), and health-related behaviours other
than smoking and alcohol consumption (such as diet, phys-
ical activity or sedentary time). The case—control or cohort
studies often assessed exposure and covariates just once during
follow-up, and did not fully capture the biological mechanism
governing disease progression. This warrants more explora-
tion of the changes in comorbid conditions and figures set as
outcomes, and the association between continuous variables.

CONCLUSION
Several individual indicators of SES were associated with
the prevalence and progression of CKD. Lower income was
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associated with prevalence and progression, but the effects of
education, occupation and overall status were inconsistent.
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