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ABSTRACT
Objectives: Unfavorable social risk profile has been identified as a fundamental driver for disparate 
mortality rate. This study aimed to determine the association between social determinants of 
health (SDOH) and all-cause or cardiovascular disease (CVD) mortality in patients with chronic 
kidney disease (CKD).
Methods:  Data from adult participants with CKD and available information on SDOH were 
collected from the 1999-2018 US National Health and Nutrition Examination Survey. SDOH was 
calculated based on eight factors, including employment, poverty-income ratio, food security, 
education level, access to healthcare, health insurance, housing instability, and marital status. Cox 
proportional hazard regression analysis, restricted cubic spline analysis and subgroup analysis were 
performed.
Results:  5,420 participants (mean age 58.13 years, 43.04% men) were analyzed, including 729, 
1,713, 1,849 and 1,129 with a SDOH of ≤ 2, 3-4, 5-6, and 7-8, respectively. Over a median follow-up 
of 92 months, 1,923 (742 CVD-related) deaths occurred. Compared to the reference group (SDOH 
of 7-8), the hazard ratios and 95% confidence intervals for those with a SDOH of 5-6, 3-4, and ≤  2 
were 1.25 (1.06-1.48), 1.51 (1.26-1.81) and 2.00 (1.54-2.60), respectively, for all-cause mortality, and 
1.38 (1.08-1.77), 1.43 (1.09-1.89), and 1.78 (1.15-2.77), respectively, for CVD mortality. Restricted 
cubic spline analysis indicated linear dose-response relationships between SDOH levels and 
all-cause or CVD mortality. The association between SDOH and mortality was more pronounced 
in men than in women.
Conclusion:  Lower SDOH levels are independently associated with higher all-cause and CVD 
mortality rates among US adults with CKD, especially in men.

1.  Introduction

Chronic kidney disease (CKD) represents a significant and 
prevalent healthcare concern with a considerable morbidity 
and mortality rate globally. Recent epidemiological studies 
showed that approximately 1.2 million people died from CKD 
in 2017, with the mortality rate increasing by 41.5% since 
1990 [1]. Although the etiologies for CKD are diverse and 
multifactorial, studies have shown that managing risk factors 
like diabetes and hypertension appears to be important in 
mitigating mortality and improving long-term survival [2]. 
Therefore, identifying critical factors contributing to the high 
mortality rate would facilitate the formulation of appropriate 
intervention measures to improve outcomes in CKD patients.

There is growing evidence showing that inequalities in 
social determinants of health (SDOH) significantly influence 
individual health outcomes and are fundamental drivers in 
the disparate mortality rate among CKD patients through 
various mechanisms, such as limited access to healthcare, 
unequal utilization of health resources, and increased expo-
sure to environmental hazards and stress [3]. Earlier studies 
have indicated that CKD is more prevalent in individuals with 
poor SDOH and racially disadvantaged ethnic groups [4]. In 
addition, several studies have identified specific components 
of SDOH, including socioeconomic status, neighborhood fac-
tors, and access to healthcare, as critical factors influencing 
CKD progression and mortality [5,6]. However, the majority of 
prior research focused on the relationship between individual 
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SDOH components and CKD mortality, leaving the overall 
impact of SDOH on CKD mortality remains largely unex-
plored. The work by Ozieh et  al. demonstrated that a cumu-
lative social determinant score, derived from factors such as 
family income to poverty ratio, food insecurity, and depres-
sion, was inversely associated with all-cause mortality in indi-
viduals with CKD [7]. Nonetheless, SDOH encompasses a 
multitude of domains, such as educational attainment and 
marital status, which may also exert a profound influence on 
CKD mortality [8].

Therefore, the aim of this study is to explore the cumula-
tive and individual contributions of SDOH factors in predict-
ing the risk of all-cause and cardiovascular disease (CVD) 
mortality among CKD patients.

2.  Methods

2.1.  Data source

Publicly available data were obtained from the US National 
Health and Nutrition Examination Survey (NHANES), a bien-
nial nationwide cross-sectional survey to collect information 
on the health status of non-institutionalized US citizens. A 
comprehensive and detailed description of the survey meth-
odology and related variables can be accessed at the NHANES 
website and in relevant publications [9]. For this study, we 
extracted data from 10 continuous cycles of NHANES span-
ning from 1999 to 2018. Ethical approval for the NAHNES 
was reviewed by the US National Center for Health Statistics 
Institutional Review Board. All adult participants provided 
informed consent.

2.2.  Study population

Adult participants with CKD and available information on 
SDOH were considered for potential inclusion. Among the 
46,691 participants aged between 20 and 85 years with data 
on SDOH, we applied the following exclusion criteria: 1) 
pregnancy at the time of the survey (n = 74); 2) history of 
cancer (n = 1,399); 3) absence of CKD or unknown CKD status 
(n = 38,552); 4) lost to follow-up (n = 5); and 5) missing  
information on other covariates (n = 1,241). The process for 
participant inclusion and exclusion was illustrated in Figure 1. 
CKD was diagnosed in participants with an estimated glo-
merular filtration rate (eGFR) < 60 mL/min/1.73m2 calculated 
using the 2009 serum creatinine-based Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equation and/
or a urinary albumin-to-creatinine ratio > 30 mg/g [10].

2.3.  Measurement of SDOH

As reported previously [11,12], the SDOH was measured 
across 5 domains proposed in the Healthy People 2030 initia-
tive, using standardized questionnaires administered through 
face-to-face interviews. Specifically, 8 measures were col-
lected, including employment status (employed, or student 
or retired vs unemployed), family poverty-income ratio (≥ 
300% vs < 300%), food security (secure vs insecure), educa-
tional attainment (college or above vs high school or lower), 
access to healthcare (routine place to go for healthcare vs no 
routine place to go for healthcare), health insurance (private 
insurance vs government insurance or no insurance), housing 
instability (own home vs rent or other arrangements), and 

Figure 1.  Study flowchart. BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease; HDL, high-density lipoprotein cholesterol; 
NHANES, National Health and Nutrition Examination survey; SDOH, social determinants of health; uACR, urinary albumin-to-creatinine ratio.
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marital status (married or living with a partner vs not mar-
ried nor living with a partner). Each measure was dichoto-
mized, with unfavorable and favorable SDOH status assigned 
scores of 0 and 1, respectively. The methodology employed 
for the definition and questionnaire of each SDOH measure 
is the same as reported previously [11,12]. The total SDOH 
score for each participant ranged from 0 to 8, with a higher 
score indicating a superior SDOH status.

2.4.  All-cause and cardiovascular mortality

Individuals with a linked death record at the National Death 
Index, irrespective of the underlying causes, were included 
into the all-cause mortality analysis. Conversely, those with-
out a death record by December 31, 2019 were considered 
to be alive. For participants who died, those with an 
International Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision code I00-I09, I11, I13, and 
I20-I51, I60-I69 were deemed to have died of CVD [13]. The 
mortality data were sourced from the National Death Index 
database.

2.5.  Covariates

We considered potential effect modifiers of the SDOH-mortality 
relationship as covariates. Demographic information (age, 
sex, and race/ethnicity) and lifestyle factors (smoking, drink-
ing, body mass index and physical activity), were collected 
through self-report. Race/ethnicity was collected through 
self-report, and categorized as non-Hispanic white, non- 
Hispanic black, Mexican Americans, other Hispanic, and other 
(including multi-racial). Smoking was categorized into never 
(< 100 cigarettes smoked during lifetime), former (> 100 ciga-
rettes smoked during lifetime but currently not smoking), 
and current (smoked over 100 cigarettes during lifetime and 
currently smoking) [14]. Alcohol consumption was catego-
rized into never (< 12 drinks in lifetime), former drinkers (≥12 
drinks in lifetime but not in the last year), mild (≤ 1 drink/day 
for women or ≤ 2 drinks/day for men, on average over the 
past year), moderate (≤ 2 drinks/day for women, ≤ 3 drinks/
day for men, or binge drinking on 2 ~ 5 days per month), and 
heavy (≥ 3 drinks/day for women, ≥ 4 drinks/day for men, or 
binge drinking ≥ 5 days per month) [15]. Physical activity lev-
els were defined based on intensity: (1) moderate-intensity: 
activities causing small increases in breathing/heart rate, and 
(2) vigorous-intensity: activities causing large increases in 
breathing/heart rate, performed for ≥ 10 consecutive minutes 
during work or leisure time in a typical week [16]. In addition 
to self-report, participants were classified as hypertensive if 
the blood pressure measured at the Mobile Examination 
Center ≥ 140/90 mmHg or currently taking antihypertensive 
medications. Diabetes were determined by physician diagno-
sis, or a fasting blood glucose ≥ 7.0 mmol/L, or a 2-h post-oral 
glucose tolerance test plasma glucose ≥ 11.1 mmol/L, or a 
glycated hemoglobin level ≥ 6.5%, or currently using insulin 
or oral hypoglycemic medications. CVD history is obtained 
from the Medical Conditions Questionnaire and defined as 

those with stroke, congestive heart failure, coronary heart 
disease, heart attack, or angina. Laboratory tests results col-
lected included hemoglobin, serum albumin, uric acid, tri-
glyceride, total cholesterol and high-density lipoprotein 
cholesterol.

2.6.  Statistical analysis

We stratified participants into 4 groups with SDOH of ≤ 2, 
3-4, 5-6, and 7-8 (reference group), and compared the base-
line characteristics with one-way analysis of variance or 
chi-squared test, as appropriate. Kaplan-Meier survival curves 
were plotted for all-cause and CVD mortality, and the sur-
vival status among the 4 groups were compared with the 
log-rank test. The hazard ratios (HRs) with 95% confidence 
intervals (CIs) were calculated from the Cox proportional haz-
ards regression model to quantify the risk of all-cause and 
CVD mortality. The proportional hazards assumption was ver-
ified using Schoenfeld residuals test, which confirmed the 
assumption was met when SDOH was analyzed as a categor-
ical variable. We first fitted a crude model without adjust-
ment for any covariates (Model 1), followed by fitting a 
partially adjusted model that included participant’s age (con-
tinuous), sex (men/women), race/ethnicity (non-Hispanic 
white/non-Hispanic black/Mexican American/Other Hispanics/
other), smoking (never/former/current), drinking (never/for-
mer/mild/moderate/severe), body mass index (continuous) 
and physical activity (no/moderate/vigorous) in Model 2. 
Ultimately, we constructed a fully adjusted model (Model 3) 
that further included history of CVD (yes/no), hypertension 
(yes/no), diabetes (yes/no), hemoglobin (yes/no), serum albu-
min (continuous), uric acid (continuous), triglyceride (contin-
uous), total cholesterol (continuous), high-density lipoprotein 
cholesterol (continuous), estimated glomerular filtration rate 
(continuous) and urinary albumin-to-creatinine ratio (contin-
uous). Restricted cubic splines, with knot locations deter-
mined by the Akaike information criterion, were utilized to 
investigate potential nonlinear relationships between SDOH 
and mortality outcomes using the “MASS” package in R. 
Specifically, four knots were placed at the 5th, 35th, 65th, and 
95th percentiles to flexibly capture the associations between 
SDOH and mortality outcomes. Subgroup analysis according 
to participant’s age, sex, body mass index, hypertension, dia-
betes, estimated glomerular filtration rate and urinary 
albumin-to-creatinine ratio were also conducted to identify 
any potential interaction effects. To address the complex sur-
vey design and oversampling, we applied appropriate 
weighting to all analyses to obtain nationally representative 
estimates. A two-sided P value < 0.05 signified statistical 
significance.

3.  Results

3.1.  Comparison of baseline characteristics

We included 5,420 participants (mean age 58.13 years, 43.04% 
men), including 729, 1,713, 1,849 and 1,129 with a SDOH of 
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≤ 2, 3 − 4, 5 − 6, and 7 − 8, respectively. The mean estimated 
glomerular filtration rate and urinary albumin-to-creatinine 
ratio for the 5,420 participants were 76.00 mL/min/1.73m2 
and 181.01 mg/g, respectively. As shown in Table 1, com-
pared to participants with a SDOH of 7-8, those with a SDOH 
≤ 2 were significantly younger, more likely to be non-Hispanic 
black women, more likely to be current smokers and heavy 
drinkers, more likely to be physically inactive, more likely to 
have diabetes. In terms of laboratory findings, participants 
with a SDOH of ≤ 2 had significantly lower hemoglobin, 
serum albumin, high-density lipoprotein cholesterol, as well 
as significantly higher estimated glomerular filtration rate 
and urinary albumin-to-creatinine ratio.

3.2.  Kaplan-Meier survival curves

A total of 1,923 (27.91%) participants died during a median 
follow-up time of 92 (interquartile range 52 − 142) months, of 
which 742 were CVD mortality. There were 226 (27.37%), 629 
(30.74%), 744 (32.17%) and 324 (20.82%) all-cause mortality, 
and 80 (8.99%), 241 (11.18%), 293 (13.28%) and 128 (7.36%) 
CVD mortality in the SDOH of ≤ 2, 3 − 4, 5 − 6, and 7 − 8 
groups, respectively. The Kaplan-Meier survival curves for 
all-cause mortality, as shown in Figure 2A, showed that SODH 
of 7-8 and 5-6 exhibited the highest and lowest survival prob-
ability, respectively. Analysis of CVD mortality (Figure 2B) indi-
cated that the survival rate from CVD mortality was highest 
for the SDOH of 7 − 8 group, followed by SDOH of 5 − 6, 3 − 4 
and ≤ 2, in order of decreasing CVD-free survival probability.

3.3.  Associations between SDOH and participant survival

The risks of all-cause and CVD mortality in CKD participants, 
as denoted by the HR and 95% CI, were summarized in 
Table  2. In the crude analysis, the SDOH 5 − 6 group had the 
highest all-cause and CVD mortality rate, followed by SDOH 
3 − 4 and SDOH ≤ 2 group. When SDOH were analyzed as  
categorical variables, the HRs (95% CIs) for those with a 
SDOH of 5 − 6, 3 − 4, and ≤ 2, in comparison to the reference 
SDOH of 7 − 8 group, were 1.25 (1.06 − 1.48), 1.51 (1.26 − 1.81) 
and 2.00 (1.54 − 2.60), respectively, for all-cause mortality, and 
1.38 (1.08 − 1.77), 1.43 (1.09 − 1.89), and 1.78 (1.15 − 2.77), 
respectively, for CVD mortality. Restricted cubic spline analy-
sis (Figure 3) indicated a linear dose-response relationship 
between SDOH and all-cause or CVD mortality.

3.4.  Associations between individual SDOH component and 
mortality

We then analyzed the associations of individual component 
of SDOH and all-cause or CVD mortality. As shown in Table  3, 
unemployment, poverty-income ratio < 3, food insecurity, 
government health insurance or no insurance, and not mar-
ried or no partner were independent risk factors for increased 
all-cause mortality, and unemployment, poverty-income ratio 
< 3, and not married or no partner were independent risk 
factors for increased CVD mortality.

3.5.  Subgroup analysis

Subgroup analysis (Tables 4 and 5) showed that participant’s 
race, body mass index, hypertension, diabetes, estimated glo-
merular filtration rate, urinary albumin-to-creatinine ratio and 
CVD status did not appear to modify the associations 
between SDOH and all-cause or CVD mortality. Notably, the 
associations between SDOH and all-cause or CVD mortality 
were stronger in men than in women. In addition, the asso-
ciation between SDOH and CVD mortality was more pro-
nounced in male participants aged < 60 years.

3.6.  Sensitivity analysis

In the sensitivity analysis, we excluded participants with 
follow-up less than 24 months to minimize the risk of reverse 
causation. The results (Supplementary Table 1) still showed a 
lower SDOH category is related to a higher risk of all-cause 
and CVD mortality in the fully adjusted model 3.

4.  Discussion

In the current analysis of 5,420 CKD with a median follow-up 
period of 92 months, we found that compared to individuals 
with an SDOH score of 7 − 8, those with an SDOH score of ≤ 
2 had a 1.0-fold increased risk of all-cause mortality and a 
0.78-fold increased risk of CVD mortality. In addition, the 
associations between SDOH and all-cause or CVD mortality 
were linear and remained consistent regardless of partici-
pant’s race, body mass index, hypertension, diabetes, esti-
mated glomerular filtration rate, urinary albumin-to-creatinine 
ratio, and CVD status. Notably, the associations between 
SDOH and all-cause or CVD mortality were more pronounced 
in men compared to women.

Our study found that CKD participants with higher SDOH 
scores were more likely to be men and less likely to be 
non-Hispanic Blacks, current smokers, or heavy drinkers, 
implying significant sex and racial disparities in the social risk 
profile. This observation may also explain the shift in the 
trend for the association between SDOH categories and mor-
tality rates from the unadjusted Model 1 to partially adjusted 
Model 2. Moreover, this study also revealed that compared to 
those with an SDOH score of 7-8, participants with SDOH 
scores of 5 − 6, 3 − 4 and ≤ 2 exhibited a 25%, 51%, and 100% 
increased risk of all-cause mortality, respectively, and a 38%, 
43%, and 78% increased risk of CVD mortality. We are aware 
that there is a growing body of evidence suggesting that 
poor SDOH had a detrimental impact on mortality in the 
general population, and some studies have explored the 
association between SDOH and CKD outcomes using differ-
ent SDOH measurements. In an analysis of data from the 
2006-2018 National Health Interview Survey, Javed et  al. 
found that the highest quintile of SDOH, representing the 
most unfavorable SDOH, had approximately 181% and 190% 
increased risk of all-cause and CVD mortality in the general 
population [17]. Similarly, in the general population from 
NHANES, Bundy et  al. observed that individuals with 1, 2, 3, 

https://doi.org/10.1080/0886022X.2025.2506811
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Table 1.  Comparison of baseline characteristics of participants with chronic kidney disease from the 1999–2018 NHANES stratified by the social determi-
nants of health (SDOH).

Total (n = 5420) SDOH ≤ 2 (n = 729) SDOH 3-4 (n = 1713) SDOH 5-6 (n = 1849) SDOH 7-8 (n = 1129) P value

Age, years 58.13 ± 0.34 50.82 ± 0.77 56.16 ± 0.72 61.00 ± 0.56 58.90 ± 0.49 <0.001
Sex (n, %) <0.001
Male 2590 (43.04) 295 (38.07) 745 (38.93) 922 (43.09) 628 (48.07)
Female 2830 (56.96) 434 (61.93) 968 (61.07) 927 (56.91) 501 (51.93)
Race/ethnicity (n, %)
Non-Hispanic White 2506 (67.96) 160 (36.19) 620 (54.67) 1009 (72.82) 717 (84.01) <0.001
Non-Hispanic Black 1220 (12.82) 243 (26.92) 426 (17.58) 367 (10.91) 184 (6.39)
Mexican American 907 (7.68) 180 (17.44) 395 (12.56) 246 (5.71) 86 (2.62)
Other Hispanic 407 (5.36) 100 (12.62) 143 (7.46) 112 (4.51) 52 (2.17)
Other 380 (6.18) 46 (6.83) 129 (7.73) 115 (6.05) 90 (4.81)
Smoking (n, %) <0.001
Never 2704 (50.63) 316 (40.79) 822 (46.42) 937 (51.34) 629 (56.60)
Former 1719 (30.74) 155 (18.37) 503 (26.90) 668 (33.78) 393 (34.55)
Current 997 (18.63) 258 (40.84) 388 (26.68) 244 (14.88) 107 (8.85)
Drinking (n, %) <0.001
Never 962 (15.30) 150 (18.49) 362 (19.02) 329 (16.96) 121 (9.22)
Former 1424 (22.01) 179 (22.39) 518 (27.01) 526 (24.33) 201 (15.01)
Mild 1677 (34.31) 121 (16.53) 396 (23.08) 607 (33.45) 553 (50.55)
Moderate 587 (13.54) 71 (10.40) 184 (12.54) 174 (12.49) 158 (16.64)
Heavy 770 (14.84) 208 (32.19) 253 (18.35) 213 (12.77) 96 (8.57)
Physical activity (n, %) 0.003
No 3350 (56.13) 494 (61.61) 1121 (59.51) 1127 (55.84) 608 (51.84)
Moderate 1235 (25.01) 125 (19.96) 355 (23.12) 458 (27.04) 297 (25.93)
Vigorous 835 (18.86) 110 (18.43) 237 (17.38) 264 (17.11) 224 (22.23)
Hypertension (n, %) 4254 (73.63) 570 (72.87) 1343 (72.91) 1484 (76.38) 857 (71.32) 0.082
Diabetes (n, %) 2094 (32.98) 318 (39.44) 740 (37.52) 679 (32.72) 357 (27.35) <0.001
CVD (n, %) 1339 (20.96) 242 (17.17) 191 (23.33) 438 (23.47) 468(21.75) 0.003
CVD subtypes
Coronary heart disease 525 (8.82) 135 (9.95) 55 (6.01) 132 (7.14) 203 (10.04) 0.014
Congestive heart failure 478 (7.03) 65 (3.79) 78 (9.08) 175 (9.34) 160 (7.67) <0.001
Heart attack 576 (8.68) 108 (7.56) 78 (7.89) 178 (9.29) 212 (9.49) 0.295
Stroke 470 (7.27) 67 (4.76) 71 (8.84) 171 (9.41) 161 (7.46) <0.001
Angina 328 (5.73) 69 (5.42) 35 (5.24) 113 (6.80) 111 (5.42) 0.564
BMI, kg/m2 30.25 ± 0.15 30.94 ± 0.38 30.48 ± 0.30 29.93 ± 0.21 30.19 ± 0.29 0.080
Dialysis (n, %) 58 (0.77) 5 (0.75) 11 (4.59) 25 (5.40) 17 (2.75) 0.002
Hemoglobin, g/dL 14.01 ± 0.04 13.85 ± 0.09 13.85 ± 0.07 14.04 ± 0.06 14.18 ± 0.05 <0.001
Albumin, g/dL 4.19 ± 0.01 4.13 ± 0.02 4.16 ± 0.01 4.19 ± 0.01 4.24 ± 0.01 <0.001
Uric acid, mg/dL 5.93 ± 0.03 5.80 ± 0.09 5.93 ± 0.05 5.98 ± 0.05 5.91 ± 0.06 0.344
Triglycerides, mg/dL 177.47 ± 3.51 184.61 ± 7.64 176.37 ± 4.62 185.26 ± 7.82 167.14 ± 5.20 0.108
Total cholesterol, mg/dL 197.68 ± 0.91 202.72 ± 2.43 197.43 ± 1.33 199.02 ± 1.58 194.70 ± 1.83 0.058
HDL, mg/dL 52.27 ± 0.38 51.27 ± 0.81 52.63 ± 0.65 51.14 ± 0.46 53.60 ± 0.88 0.044
eGFR, ml/min/1.73m2 76.00 ± 0.55 87.24 ± 1.48 79.02 ± 1.07 72.69 ± 0.85 73.58 ± 0.95 <0.001
uACR, mg/g 181.01 ± 9.62 244.49 ± 26.54 215.87 ± 18.04 186.71 ± 19.37 124.36 ± 12.43 <0.001
CKD stages <0.001
Stage 1 1700 (35.35) 343 (51.60) 570 (40.75) 478 (30.77) 309 (30.74)
Stage 2 1293 (22.41) 164 (22.10) 423 (21.51) 431 (21.96) 275 (23.80)
Stage 3 2188 (39.12) 191 (23.16) 632 (33.02) 853 (44.08) 512 (43.79)
Stage 4 168 (2.22) 14 (1.45) 62 (3.18) 67 (2.41) 25 (1.42)
Stage 5 71 (0.90) 17 (1.69) 26 (1.54) 20 (0.78) 8 (0.25)
Individual component of SDOH
Employment (n, %) <0.001
Employed 4170 (79.43) 229 (33.42) 1178 (65.40) 1670 (89.01) 1093 (95.35)
Unemployed 1250 (20.57) 500 (66.58) 535 (34.60) 179 (10.99) 36 (4.65)
Poverty-income ratio, (n, %) <0.001
≥3 1510 (38.94) 4 (0.71) 62 (4.76) 475 (30.90) 969 (89.44)
<3 3910 (61.06) 725 (99.29) 1651 (95.24) 1374 (69.10) 160 (10.56)
Food security (n, %) <0.001
Secure 3909 (77.41) 140 (19.78) 1027 (60.28) 1634 (87.96) 1108 (98.60)
Insecure 1511 (22.59) 589 (80.22) 686 (39.72) 215 (12.04) 21 (1.40)
Education attainment (n, %) <0.001
College or above 2205 (49.53) 73 (11.53) 420 (29.05) 777 (44.59) 935 (84.86)
High school or lower 3215 (50.47) 656 (88.47) 1293 (70.95) 1072 (55.41) 194 (15.14)
Healthcare (n, %) <0.001
Routine place to go for 

healthcare
4797 (88.65) 464 (59.04) 1470 (83.11) 1752 (93.75) 1111 (97.18)

No routine place for healthcare 623 (11.35) 265 (40.96) 243 (16.89) 97 (6.25) 18 (2.82)
Health insurance (n, %) <0.001
Private insurance 2591 (57.67) 20 (2.95) 376 (26.97) 1182 (66.57) 1013 (91.24)
Government insurance or no 

insurance
2829 (42.33) 709 (97.05) 1337 (73.03) 667 (33.43) 116 (8.76)

Housing instability (n, %) <0.001
Own a home 3568 (70.75) 108 (13.99) 860 (48.73) 1506 (80.26) 1094 (97.00)
Rent or other arrangements 1852 (29.25) 621 (86.01) 853 (51.27) 343 (19.74) 35 (3.00)

(Continued)
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Total (n = 5420) SDOH ≤ 2 (n = 729) SDOH 3-4 (n = 1713) SDOH 5-6 (n = 1849) SDOH 7-8 (n = 1129) P value

Marital status (n, %) <0.001
Married or partnered 2957 (59.15) 155 (22.28) 697 (40.25) 1108 (57.15) 997 (89.43)
Not married or no partner 2463 (40.85) 574 (77.72) 1016 (59.75) 741 (42.85) 132 (10.57)

BMI, body mass index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein cholesterol; SDOH, social 
determinants of health; uACR, urinary albumin-to-creatinine ratio. P denotes the comparisons among the 4 SDOH subgroups.

Table 1.  Continued.

Figure 2.  Kaplan-Meier curves for all-cause (A) and cardiovascular (B) mortality in participants with chronic kidney disease stratified by social determinants 
of health.

Table 2. A ssociations of social determinants of health and all-cause or cardiovascular mortality in participants with chronic kidney disease from the 1999–
2018 NHANES.

Model 1 Model 2 Model 3

HR (95% CI) P HR (95% CI) P HR (95% CI) P

All-cause mortality
SDOH 7-8 1 (Reference) / 1 (Reference) / 1 (Reference) /
SDOH 5-6 1.69 (1.43–1.99) <0.001 1.31 (1.12–1.53) <0.001 1.25 (1.06–1.48) 0.008
SDOH 3-4 1.64 (1.39–1.93) <0.001 1.61 (1.37–1.90) <0.001 1.51 (1.26–1.81) <0.001
SDOH ≤2 1.49 (1.22–1.83) <0.001 2.19 (1.73–2.78) <0.001 2.00 (1.54–2.60) <0.001
Cardiovascular mortality
SDOH 7-8 1 (Reference) / 1 (Reference) / 1 (Reference) /
SDOH 5-6 1.97 (1.53–2.53) <0.001 1.463 (1.15–1.87) 0.002 1.38 (1.08–1.77) 0.011
SDOH 3-4 1.69 (1.28–2.23) <0.001 1.59 (1.23–2.07) <0.001 1.43 (1.09–1.89) 0.011
SDOH ≤2 1.38 (0.96–1.98) 0.08 2.04 (1.34–3.09) <0.001 1.78 (1.15–2.77) 0.01

Model 1 was unadjusted; Model 2 was adjusted for participant’s age, sex, race, smoking, drinking, body mass index and physical activity; Model 3 was 
adjusted for Model 2, plus hypertension, diabetes, hemoglobin, serum albumin, uric acid, triglycerides, total cholesterol, high-density lipoprotein choles-
terol, cardiovascular disease, estimated glomerular filtration rate and urinary albumin-to-creatinine ratio.

CI, confidence interval; HR, hazard ratio; SDOH, social determinants of health.

Figure 3.  Restricted cubic spline analysis results showing the dose-response relationship between social determinants of health (SDOH) and all-cause (A) 
or cardiovascular (B) mortality in participants with chronic kidney disease.
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4, 5, and ≥ 6 unfavorable SDOH components had a 93%, 
124%, 298%, 378%, 508% and 682% increased risk of prema-
ture all-cause mortality compared to those without unfavor-
able SDOH [18]. In another study, Hundermer and colleagues 
observed that education below high school, unemployment 
and single status were independently associated with an 
increased likelihood of inpatient dialysis initiation and lower 
odds of preemptive access creation [19]. Additionally, Ozieh 
et  al. showed that in adults with diabetic kidney disease, 
each one-point increase in SDOH, as measured by family 
income-to-poverty ratio, depression and food insecurity, was 
associated with a 41% increased risk of all-cause mortality [7].

It should be noted that the impact of SDOH on mortality 
may differ significantly between the general population and 

individuals with chronic disease [20]. The results of the  
current study not only further corroborated findings in the 
general population, but also uncovered that the contribution 
of individual components of SDOH to mortality varied sub-
stantially. Specifically, we showed that unemployment, poverty- 
income ratio < 3, and being unmarried or without a partner 
were independently associated with both all-cause and CVD 
mortality, whereas food insecurity, and having government 
health insurance or no insurance were only linked to ele-
vated all-cause mortality. The impact of income, as exempli-
fied by the poverty-income ratio, on the health outcomes of 
CKD patients can be both direct (limited healthcare access) 
and indirect (food insecurity) [21]. For instance, the Reasons 
for Geographic and Racial Differences in Stroke study showed 

Table 3. A ssociations of individual components of social determinants of health and all-cause or cardiovascular mortality in participants with chronic 
kidney disease from the 1999-2018 NHANES.

Individual components of social determinants of health

All-cause mortality Cardiovascular mortality

HR (95% CI) P value HR (95% CI) P value

Employment (Unemployed vs Employed) 1.66 (1.40–1.96) <0.001 1.61 (1.19–2.20) 0.002
Poverty-income ratio (< 3 vs ≥ 3) 1.39 (1.22–1.60) <0.001 1.40 (1.12–1.75) 0.003
Food security (Insecure vs Secure) 1.36 (1.15–1.60) <0.001 1.06 (0.84–1.33) 0.648
Education (High school or lower vs College or above) 1.06 (0.95–1.17) 0.315 1.08 (0.90–1.28) 0.423
Healthcare (No routine place vs Routine place to go) 1.15 (0.88–1.51) 0.305 0.91 (0.59–1.40) 0.657
Health insurance (Government or no insurance vs Private insurance) 1.18 (1.05–1.33) 0.005 1.16 (0.94–1.42) 0.173
Housing instability (Rent or other arrangements vs Own a home) 1.12 (0.97–1.30) 0.118 1.09 (0.87–1.36) 0.480
Marital status (Not married or no partner vs Married or partnered) 1.34 (1.17–1.52) <0.001 1.35 (1.11–1.64) 0.002

The HR was adjusted for participant’s age, sex, race, smoking, drinking, body mass index and physical activity, hypertension, diabetes, hemoglobin, serum 
albumin, uric acid, triglycerides, total cholesterol, high-density lipoprotein cholesterol, cardiovascular disease, estimated glomerular filtration rate and 
urinary albumin-to-creatinine ratio. CI, confidence interval; HR, hazard ratio.

Table 4.  Subgroup analysis for the associations between social determinants of health (SDOH) and all-cause mortality in US adults with chronic kidney 
disease.

SDOH ≤ 2 P SDOH 3–4 P SDOH 5-6 P SDOH 7-8
P for 

interaction

Age, years 0.18
< 60 2.27 (1.13–4.58) 0.02 1.44 (0.78–2.67) 0.25 1.44 (0.81–2.57) 0.22 Reference
≥ 60 1.68 (1.27–2.22) <0.001 1.38 (1.14–1.68) 0.001 1.12 (0.95–1.31) 0.17 Reference
Sex 0.003
Male 2.45 (1.69–3.55) <0.001 1.45 (1.10–1.91) 0.009 1.56 (1.25–1.94) <0.001 Reference
Female 1.56 (1.08–2.25) 0.02 1.36 (1.03–1.78) 0.03 0.92 (0.70–1.20) 0.52 Reference
Race/ethnicity 0.36
Mexican American 0.84 (0.37–1.92) 0.68 0.55 (0.26–1.14) 0.11 0.46 (0.21–0.99) 0.05 Reference
Non-Hispanic Black 2.01 (1.31–3.09) 0.001 1.42 (0.92–2.18) 0.11 1.30 (0.83–2.04) 0.25 Reference
Non-Hispanic White 2.00 (1.32–3.03) 0.001 1.53 (1.23–1.89) <0.001 1.23 (1.02–1.47) 0.03 Reference
Other Hispanic 1.39 (0.47–4.10) 0.55 1.69 (0.65–4.36) 0.28 0.96 (0.36–2.59) 0.94 Reference
Other 5.48 (1.28–23.54) 0.02 2.06 (0.61–6.88) 0.24 1.57 (0.48–5.13) 0.45 Reference
Body mass index, kg/m2 0.26
< 25 3.06 (1.84–5.08) <0.001 1.65 (1.16–2.36) 0.006 1.22 (0.89–1.67) 0.21 Reference
≥ 25, < 30 1.41 (0.92–2.17) 0.12 1.21 (0.87–1.69) 0.26 1.08 (0.81–1.45) 0.59 Reference
≥ 30 1.98 (1.22–3.21) 0.006 1.57 (1.12–2.20) 0.009 1.45 (1.06–1.98) 0.02 Reference
Hypertension 0.14
No 3.14 (1.46–6.77) 0.003 1.91 (1.13–3.24) 0.02 1.14 (0.77–1.70) 0.51 Reference
Yes 1.86 (1.41–2.46) <0.001 1.42 (1.17–1.72) <0.001 1.24 (1.02–1.49) 0.03 Reference
Diabetes 0.99
No 1.84 (1.34–2.52) <0.001 1.41 (1.13–1.76) 0.003 1.18 (0.96–1.44) 0.11 Reference
Yes 1.97 (1.25–3.11) 0.003 1.54 (1.13–2.10) 0.007 1.28 (0.94–1.73) 0.12 Reference
Estimated glomerular filtration rate, mL/min/1.73 m2 0.30
< 30 2.95 (1.32–6.62) 0.009 1.90 (1.00–3.61) 0.05 1.88 (1.10–3.23) 0.02 Reference
30–59 1.64 (1.17–2.28) 0.004 1.33 (1.05–1.69) 0.02 1.14 (0.94–1.37) 0.19 Reference
60–89 2.48 (1.56–3.92) <0.001 1.74 (1.21–2.49) 0.003 1.66 (1.16–2.39) 0.006 Reference
≥ 90 1.29 (0.69–2.39) 0.43 0.85 (0.46–1.57) 0.60 0.90 (0.50–1.64) 0.74 Reference
Urinary albumin-to-creatine ratio, mg/g 0.20
≤ 300 2.08 (1.57–2.75) <0.001 1.50 (1.25–1.81) <0.001 1.23 (1.04–1.45) 0.01 Reference
> 300 1.29 (0.62–2.68) 0.50 1.29 (0.71–2.36) 0.41 1.36 (0.78–2.38) 0.28 Reference
Cardiovascular disease 0.84
No 2.09 (1.49–2.93) <0.001 1.61 (1.25–2.07) <0.001 1.26 (1.00–1.57) 0.05 Reference
Yes 1.87 (1.22–2.88) 0.004 1.35 (0.98–1.86) 0.07 1.26 (0.99–1.61) 0.06 Reference
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that individuals with lower household incomes (annual 
income < 20,000 dollars) had approximately 58% increased 
risk of all-cause mortality than those with annual incomes > 
20,000 dollars [22]. With regard to unemployment, studies 
have indicated a reciprocal association between CKD and 
employment, with CKD patients had 110% increased likeli-
hood of unemployment and even temporary unemployment 
could increase the risk of all-cause mortality by 76% in the 
general population [23,24]. Indeed, in addition to the biolog-
ical pathways linked to socioeconomic deprivation, SDOH 
components have also been shown to expose individuals to 
chronic psychosocial stressors and inflammatory states 
[25,26], which accelerate CKD progression and increase mor-
tality rates.

We observed sex-specific associations between SDOH cat-
egories and all-cause or CVD mortality, which were more 
pronounced in men than in women. Previous research has 
indicated that US men and women exhibit distinct social risk 
profiles, with women demonstrating greater vulnerability to 
poverty, depression, and lack of partnership compared to 
men [27]. Although men generally have better SDOH profiles, 
a prior meta-analysis of 68 studies showed that men with 
CKD of various etiologies experience a faster decline in renal 
function over time than women [28]. This discrepancy sug-
gests that a broader range of factors beyond SDOH, such as 
the extent of risk factor control and treatment effectiveness, 
may interact in a synergistic manner to determine mortality 

risk in patients with CKD [2]. Although race and ethnicity 
have also been identified as factors influencing mortality 
rates in CKD patients [22], and some researchers advocate for 
their inclusion in SDOH measures [29], we did not observe 
significant interactions among participants from different 
racial/ethnic groups in the current study. Notably, the study 
by Derose’s group suggested that White individuals may 
even experience higher mortality rates than Black individuals 
among patients with stage 3 to 4 CKD [30]. Therefore, further 
research is needed to conclusively determine the impact of 
race and ethnicity on the prognosis of CKD patients.

Disparities exist between age subgroups with regard to 
SDOH and CVD mortality. Specifically, younger patients with 
CKD were more significantly impacted by adverse SDOH in 
terms of CVD mortality compared to older individuals. The 
exact mechanisms underlying this age difference remains 
poorly understood. Available literature suggests that com-
pared to the non-elderly, elderly patients with CKD tend to 
have worse management of risk factors, such as hyperten-
sion and diabetes, compared to younger patients [31], which 
may be a more important factor for determining CVD mor-
tality than SDOH. This finding highlight the importance of 
appropriate SDOH screening and interventions targeting the 
non-elderly population to reduce CVD mortality.

Another interesting observation is that the associations 
between SDOH with all-cause and CVD mortality were  
statistically insignificant in participants with an estimated 

Table 5.  Subgroup analysis for the associations between social determinants of health (SDOH) and cardiovascular mortality in US adults with chronic 
kidney disease.

SDOH ≤ 2 P SDOH 3-4 P SDOH 5-6 P SDOH 7-8
P for 

interaction

Age, years 0.02
< 60 3.99 (1.03–15.39) 0.05 2.50 (0.71–8.76) 0.15 3.22 (1.10-9.39) 0.03 Reference
≥ 60 1.23 (0.77–1.97) 0.38 1.20 (0.91–1.59) 0.20 1.15 (0.89-1.49) 0.27 Reference
Sex 0.006
Male 1.76 (1.04–2.98) 0.04 1.15 (0.74–1.80) 0.53 1.63 (1.17-2.27) 0.004 Reference
Female 1.53 (0.80–2.92) 0.19 1.41 (0.90–2.22) 0.13 1.05 (0.68-1.62) 0.83 Reference
Race/ethnicity 0.17
Mexican American 2.07 (0.43–9.94) 0.36 2.43 (0.56–10.54) 0.24 0.68 (0.14-3.23) 0.63 Reference
Non-Hispanic Black 2.11 (1.14–3.91) 0.02 1.80 (0.97–3.34) 0.06 1.45 (0.76-2.77) 0.26 Reference
Non-Hispanic White 1.36 (0.64–2.86) 0.42 2.00 (1.44–2.78) <0.001 2.27 (1.74-2.96) <0.001 Reference
Other Hispanic 1.04 (0.18–5.88) 0.97 0.84 (0.17–4.15) 0.83 0.70 (0.12-4.05) 0.69 Reference
Other 10.99 (1.05–115.50) 0.05 9.22 (0.95–89.95) 0.06 8.89 (0.95-83.24) 0.06 Reference
Body mass index, kg/m2 0.18
< 25 3.07 (1.33–7.05) 0.008 1.77 (0.95–3.30) 0.07 1.48 (0.81-2.71) 0.20 Reference
≥ 25, < 30 1.04 (0.51–2.10) 0.92 0.94 (0.57–1.55) 0.81 1.04 (0.69-1.57) 0.84 Reference
≥ 30 1.85 (0.84–4.05) 0.13 1.76 (1.05–2.96) 0.03 1.81 (1.19-2.76) 0.006 Reference
Hypertension 0.45
No 1.01 (0.29–3.50) 0.98 1.75 (0.76–4.06) 0.19 1.47 (0.74-2.92) 0.27 Reference
Yes 1.94 (1.24–3.02) 0.003 1.40 (1.06–1.84) 0.02 1.38 (1.07-1.77) 0.01 Reference
Diabetes 0.60
No 1.42 (0.81–2.51) 0.23 1.35 (0.93–1.94) 0.11 1.17 (0.84-1.63) 0.34 Reference
Yes 2.03 (1.04–3.97) 0.04 1.50 (0.93–2.41) 0.09 1.79 (1.19-2.69) 0.005 Reference
Estimated glomerular filtration rate, mL/min/1.73 m2 0.93
< 30 1.16 (0.39–3.45) 0.79 1.05 (0.44–2.54) 0.91 1.15 (0.57-2.30) 0.69 Reference
30-60 2.08 (1.15–3.76) 0.02 2.04 (1.42–2.94) <0.001 2.00 (1.47-2.72) <0.001 Reference
60-90 1.79 (0.97–3.31) 0.06 2.31 (1.48–3.60) <0.001 2.12 (1.27-3.54) 0.004 Reference
≥ 90 2.06 (0.74–5.79) 0.17 1.44 (0.55–3.82) 0.46 1.52 (0.51-4.60) 0.46 Reference
Urinary albumin-to-creatinine ratio, mg/g 0.77
≤ 300 1.77 (1.12–2.80) 0.02 1.43 (1.06–1.92) 0.02 1.34 (1.01-1.78) 0.04 Reference
> 300 1.92 (0.71–5.19) 0.20 1.03 (0.40–2.66) 0.95 1.74 (0.82-3.69) 0.15 Reference
Cardiovascular disease 0.20
No 2.50 (1.42–4.39) 0.001 1.73 (1.19–2.53) 0.004 1.34 (0.94-1.92) 0.104 Reference
Yes 1.10 (0.61–2.00) 0.75 1.10 (0.71–1.71) 0.66 1.45 (1.02-2.06) 0.04 Reference
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glomerular filtration rate ≥ 90 mL/min/1.73 m2. The attenua-
tion of SDOH impact in this subgroup may be attributed to 
several potential mechanisms. First, these individuals likely 
possess greater physiological reserve, rendering them less 
vulnerable to SDOH-related stressors compared to those with 
more severe renal impairment. Second, the detrimental 
effects of poorer SDOH may require longer exposure dura-
tion to manifest clinically, potentially exceeding our study’s 
follow-up period. Third, their preserved kidney function may 
enable better homeostatic adaptation to SDOH challenges 
than patients with advanced renal disease.

We believe that our findings have important implications 
for both healthcare providers and policymakers. It is impera-
tive for clinicians to be aware of this association and proac-
tively screen for SDOH and provide contextualized care to fit 
specific social needs. Correspondingly, policymakers should 
make appropriate policies to motivate clinicians to actively 
screen SDOH and addresses broader issues like food insecu-
rity at the population level.

The strengths of this study include use of nationally rep-
resentative data and a detailed analysis of the impact of indi-
vidual SDOH components on CKD mortality. However, the 
findings of this study should be interpreted in recognition of 
its potential limitations. First, the SDOH measures assessed in 
the current study are not exhaustive as other measures, such 
as social support, geographic remoteness, interpersonal rela-
tionships, religious beliefs, health literacy, air pollution, and 
community resources, may also influence CKD progression or 
mortality [6,32,33]. Second, this study represents a mortality 
follow-up analysis of a cross-sectional survey. The availability 
of longitudinal data on SDOH and its dynamic changes over 
time limit our ability to capture more nuanced understand-
ing of its relationship with mortality. Third, our study lacked 
data on CKD-specific treatments that may also influence 
mortality. Specifically, participants who progressed to 
end-stage kidney disease, requiring dialysis or kidney trans-
plantation, may have received different treatment regimens 
and exhibited distinct SDOH profiles. However, we specu-
lated that this potential bias would be minimal, given that 
the majority of included participants had only mild to mod-
erate CKD (mean estimated glomerular filtration rate of 
76 mL/min/1.73 m2, with only 3.12% at stage 4 or 5). Finally, 
given the wide heterogeneity of SDOH across countries and 
ethnic groups, the findings of this study are specific to the 
US population and external extrapolation to other countries 
or races should be cautious.

5.  Conclusion

In conclusion, this nationwide, representative study showed 
that lower levels of SDOH are associated with an increased 
risk of all-cause and CVD mortality among patients with 
CKD, especially in men. In addition, the contributions of each 
component of the SDOH measures to mortality vary signifi-
cantly. The association between SDOH and CVD mortality 
was more pronounced in participants under 60 years of age. 
It is imperative that clinicians are aware of this relationship 

and mitigating SDOH inequalities may help to improve 
survival.
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