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Abstract

Background Social determinants of health (SDOH) and metabolic syndrome (MetS) are related, but their combined
effect on mortality risk remains unclear.

Methods \We analyzed data from NHANES (National Health and Nutrition Examination Survey) cycles between 2005
and 2018. The composite SDOH score was calculated by summing the weighted scores for each SDOH, categorizing
participants into four groups: Q1 (0-1), Q2 (2-3), Q3 (4) and Q4 (> 5). Kaplan-Meier survival curves and multivariate
Cox proportional hazards models were used to examine the relationship between SDOH and mortality outcome.
Restricted cubic spline (RCS) analyses were conducted to explore nonlinear relationships. Subgroup analyses assessed
the consistency and robustness of the findings across various demographic and clinical factors.

Results Of the 7,366 patients with MetS, 1,193 died, including 407 from cardiovascular and cerebrovascular diseases
and 269 from cancer. Cox regression analyses, using fully adjusted Model 2, revealed that higher SDOH levels had
increased hazards for all-cause mortality (HR=2.41,95% Cl: 1.87,3.12), cancer-related death (HR=2.45, 95% Cl:
1.54,3.89), and Cardio — cerebrovascular disease (HR=2.62, 95% Cl: 1.79,3.84). Kaplan-Meier analyses further supported
these findings, demonstrating that participants with higher SDOH scores had lower survival rates. Additionally, RCS
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modeling confirmed a linear relationship between SDOH and mortality, with no indication of a nonlinear relationship

(P for nonlinear > 0.05).

Conclusion Our findings indicate that adverse social determinants of health are strongly linked to an increased risk
of all-cause mortality in individuals with MetS. However, due to the observational and cross-sectional nature of this
study, it is important to interpret these results as associations rather than implying any causal relationships.

Keywords The National health and nutrition examination survey, Social determinants of health, Metabolic syndrome,

Mortality

Introduction

Metabolic syndrome (MetS) is a condition defined by
a cluster of both metabolic and non-metabolic disor-
ders that include abdominal obesity, insulin resistance,
atherogenic dyslipidemia, and hypertension [1]. MetS
represents a pathophysiological state that is primar-
ily driven by an imbalance between caloric intake and
energy expenditure, where excessive caloric intake, often
coupled with inadequate physical activity, creates a fertile
ground for the development of this syndrome. However,
this imbalance is not the sole contributor. The develop-
ment of MetS is also influenced by a host of other fac-
tors, including genetic and epigenetic predispositions,
which can affect the body’s response to environmental
factors, as well as the increasing prevalence of sedentary
lifestyles, where physical activity is often replaced by pro-
longed periods of inactivity. Furthermore, the quality and
composition of an individual’s diet—ranging from nutri-
ent deficiencies to the consumption of processed foods
high in sugar, fats, and refined carbohydrates—plays
a significant role in the manifestation and progression
of MetS [2]. The clinical significance of MetS cannot be
overstated, as it substantially contributes to the onset and
progression of several serious health conditions. These
include cardiovascular disease, diabetes, dyslipidemia,
stroke, osteoarthritis, various cancers, and premature
mortality, all of which are major contributors to global
health burdens [3-5].

The growing prevalence of MetS is a cause for concern,
as it continues to rise alarmingly, particularly in coun-
tries with rapidly aging populations, where the healthcare
infrastructure is often under strain [6]. Epidemiological
data underscore the alarming scope of this issue, reveal-
ing that MetS affects approximately one-third of the
adult population in the United States, with the preva-
lence of this syndrome reaching nearly half of individu-
als aged 60 years and older [7]. In addition to its health
consequences, MetS places a significant financial burden
on healthcare systems, often leading to increased medical
costs due to the treatment of associated chronic condi-
tions. This burden is compounded by a marked reduction
in the quality of life for affected individuals, who may
experience physical, emotional, and financial hardships
as a result of managing their condition [8, 9].

Social determinants of health (SDOH) refer to the non-
medical risk factors that significantly influence health
outcomes and overall well-being. These determinants
include a wide range of factors, such as income, educa-
tion, employment, housing, food security, and access to
affordable healthcare, all of which play a crucial role in
shaping individuals’ health outcomes [10]. Each of these
domains reflects a set of factors that can either enhance
or hinder health, depending on how they are experienced
by individuals. Economic stability is one of the core areas
and encompasses factors such as employment status,
income levels, food insecurity, and housing instability, all
of which have profound effects on individuals’ ability to
lead healthy lives. For instance, individuals facing unem-
ployment or low income may struggle to afford healthy
food or housing, leading to long-term health challenges.
Education is a powerful determinant of health, as indi-
viduals with higher levels of education tend to experience
better health outcomes due to greater health literacy,
access to resources, and health-promoting behaviors.
The social and community context domain includes fac-
tors such as social support, social capital, social isola-
tion, loneliness, discrimination, and race and ethnicity.
These factors shape individuals’ experiences within their
communities and influence mental and physical health
outcomes, with social isolation and discrimination,
for example, being linked to poorer mental health and
increased chronic disease risk. The neighborhood and
built environment domain focus on the socioeconomic
status of the area in which individuals live, as well as
environmental factors such as food availability, exposure
to violence, and access to safe spaces for physical activ-
ity. Finally, the health and healthcare domain addresses
access to healthcare services, the quality of care received,
health insurance coverage, and health literacy. A lack of
access to affordable and quality healthcare can lead to
delayed diagnoses, ineffective treatments, and poorer
health outcomes overall [11, 12].

SDOH have been shown to have a significant impact on
various health conditions, with numerous studies high-
lighting their strong association with the risk of depres-
sion, cardiovascular disease (CVD), cancer, and type 2
diabetes [13—15]. The relationship between SDOH and
these diseases emphasizes the importance of addressing
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non-medical risk factors in public health interventions.
Furthermore, emerging research suggests that other fac-
tors, such as alcohol consumption, geographic origin,
neighborhood environment, educational disparities,
and socioeconomic status, may contribute to the risk of
developing MetS. These factors, often intertwined with
broader social determinants, can exacerbate the risk of
metabolic diseases and are critical to consider in efforts
to prevent and manage MetS [16, 17].

However, it is unclear how SDOH affects the risk of
death in patients with MetS. Therefore, the aim of this
study was to explore the relationship between SDOH and
death in patients with MetS by analyzing adult data from
the National Health and Nutrition Examination Survey
(NHANES). This investigation aims to deepen our under-
standing of their combined impact on mortality risk,
which is essential for the development of effective public
health strategies aimed at preventing premature death.

Methods

Data source and study design

The SDOH score was derived from self-reported data in
the NHANES dataset, which utilizes a stratified, multi-
stage probability sampling design. This approach ensures
the sample accurately represents the U.S. population
across diverse demographic and socioeconomic groups.
Data collection follows a standardized process with strin-
gent quality control measures, ensuring the reliability and
consistency of the self-reported information. The use of
standardized questionnaires and trained interviewers
helps minimize measurement errors, thereby strength-
ening the validity of the SDOH score as a comprehensive
measure of social determinants of health.

The NHANES, conducted by the National Center for
Health Statistics (NCHS), assesses the health and nutri-
tional status of the U.S. population. All participants
provided written informed consent, ensuring their vol-
untary participation and adherence to ethical research
standards. Additionally, the study protocol was rigor-
ously reviewed and formally approved by the NCHS Eth-
ics Review Committee, ensuring compliance with ethical
guidelines and safeguarding participant rights and wel-
fare throughout the research process [18].

Study population

In this cohort study, we initially considered 70,190 partic-
ipants from NHANES between 2005 and 2018. To refine
the sample and ensure its relevance, we applied specific
exclusion criteria. Participants under the age of 20 were
excluded, as were those without MetS or individuals
missing key covariate data required for the analysis. After
applying these criteria, the final sample consisted of 7,366
eligible participants, with the selection process outlined
in Fig. 1.
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Definition of SDOH score

Self-reported data on 8 sub-items of SDOH across 5
domains were operationalized according to the crite-
ria outlined in the U.S. Healthy People 2030 initiative
and two previous studies, with a cumulative measure
of unfavorable SDOH calculated for analysis [11, 19].
These domains include economic stability (employment
status, family poverty-income ratio, and food security),
education access and quality (education level), health-
care access and quality (health insurance coverage and
type of health insurance), neighborhood and built envi-
ronment (homeownership), and social and community
context (marital status). The specific definitions of these
SDOH domains and sub-items are provided in Table
S1. To simplify the analysis, these SDOH items were
dichotomized into favorable or unfavorable levels based
on conventional cutoff points. The cumulative number
of unfavorable SDOH was determined by summing the
8 dichotomized SDOH items, with a value of O repre-
senting a favorable level and a value of 1 representing an
unfavorable level. To more effectively assess the associa-
tion between SDOH and mortality in the MteS popula-
tion, SDOH was categorized into quartiles: Q1 (0-1), Q2
(2-3), Q3 (4), and Q4 (=5) [20]. Additionally, sensitivity
analyses were conducted using three-quarter spacing
[21].

Definition of MetS

MetS in adults was defined based on the criteria estab-
lished by the National Cholesterol Education Program’s
Adult Treatment Panel III report [22], which has been
extensively validated in epidemiological studies, includ-
ing those related to NHANES [23]. A diagnosis of MetS
requires the presence of at least three of the follow-
ing conditions: 1.Hyperglycemia, fasting blood glucose
level 2100 mg/dL (5.6 mmol/L) or the use of antidia-
betic medications; 2.Reduced high-density lipoprotein
cholesterol (HDL-C) levels, HDL cholesterol<40 mg/
dL (1.0 mmol/L) for men and <50 mg/dL (1.3 mmol/L)
for women, or the use of lipid-lowering medications;
3.Hypertriglyceridemia, triglyceride level=150 mg/dL
(1.7 mmol/L).; 4.Abdominal obesity, waist circumfer-
ence>102 c¢cm for men and =88 cm for women; 5.Hyper-
tension, systolic blood pressure>130 mmHg, diastolic
blood pressure (DBP)=85 mmHg, or the use of antihy-
pertensive medications. These criteria provide a stan-
dardized approach for identifying MetS in clinical and
research settings.

Mortality outcomes

The NCHS provided the Public-Use Linked Mortal-
ity Files, which were used to determine mortality out-
comes in this study. The primary outcomes assessed
included all-cause mortality, as well as mortality due to
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NHANES 2005-2018
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2018(n=39,038)
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| Missing not suitable for follow-up
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Finally includepatients(n=7,366)

Fig. 1 The flow chart of the included participants in this study

cardio-cerebrovascular diseases (ICD-10 codes 100-109,
I11, I13, 120-I51 and 160-169) and cancer (ICD-10 codes
C00-C97).

Covariables

The variables analyzed in this study included a range of
demographic and socioeconomic factors. Age, sex, and
ethnicity were recorded, with ethnicity categorized into
four groups: Mexican American, Non-Hispanic Black,
Non-Hispanic White, and Other. Smoking status was
classified based on lifetime cigarette use into three cat-
egories: never (fewer than 100 cigarettes), former (more
than 100 cigarettes but not currently smoking), and

visits(n=117)

Without MetS (n=29,595),
missing of other covariates(n
=1,960)

current (more than 100 cigarettes and actively smok-
ing). Alcohol use was classified based on daily and binge
drinking frequency: never (consumed < 12 drinks in a life-
time), former (consumed >12 drinks in one year but not
in the last year, or did not drink in the last year but con-
sumed >12 drinks in a lifetime), mild (<1 drink per day
for females and <2 drinks per day for males), moderate
(<2 drinks per day for females and <3 drinks per day for
males), or heavy (=3 drinks per day for females and >4
drinks per day for males) [24, 25]. Body mass index (BMI)
(kg/m?®) was calculated by dividing weight (kg) by height
squared (m?) and categorized into three groups: <25 kg/
m?, 25-29.9 kg/m?, and >29.9 kg/m? [26]. Hyperlipidemia
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was defined as having elevated triglyceride levels of
150 mg/dL (1.7 mmol/L) or higher, total cholesterol lev-
els of 200 mg/dL (5.18 mmol/L) or higher, low-density
lipoprotein (LDL) levels of 130 mg/dL (3.37 mmol/L) or
higher, or high-density lipoprotein levels below 40 mg/
dL (1.04 mmol/L) in men and below 50 mg/dL (1.30
mmol/L) in women [27]. Additionally, individuals tak-
ing cholesterol-lowering medications were classified as
hyperlipidemic. Hypertension was diagnosed using a
combination of factors, including the use of antihyper-
tensive medication, self-reported history of hypertension,
and the average of three blood pressure measurements.
A diagnosis of hypertension was made if the average
systolic blood pressure was >130 mmHg or the average
diastolic blood pressure was >80 mmHg, ensuring that
both clinical measurements and self-reported data were
considered in the diagnosis of hypertension [28]. Type 2
Diabetes mellitus (DM) was determined by self-reported
diagnosis or current use of antihyperglycemic medica-
tions [29]. A diagnosis of cardio-cerebral vascular disease
(CCVD) was indicated by any affirmative answer to hav-
ing been informed of congestive heart failure, coronary
heart disease, angina, a heart attack, or a stroke [30].

Statistical analyses

Sample weighting, clustering, and stratification were
systematically applied throughout all analyses, which
is essential for ensuring the results accurately represent
the national population. This methodology accounts for
the multi-stage probability sampling of NHANES. In the
baseline analysis, the MetS population was categorized
according to SDOH levels. Continuous variables were
expressed as mean t standard error (SE), and differences
between groups were assessed using weighted anova.
Categorical variables were presented as numbers (per-
centages) and compared using weighted chi-square tests.
Kaplan-Meier (KM) survival analyses were conducted
to estimate survival probabilities over time for all-cause
and cause-specific mortality, stratified by SDOH sta-
tus in the MetS population. Differences between groups
were tested using log-rank tests. Multivariate Cox pro-
portional hazards regression models were used to exam-
ine the relationship between SDOH and all-cause and
disease-specific mortality in the MetS cohort. Multiple
models were constructed with varying levels of adjust-
ment: the crude model did not adjust for any covari-
ates; model 1 adjusted for age, sex, ethnicity, alcohol use,
smoking, and BMI; and model 2 (fully adjusted) further
included DM, hypertension, CCVD, hyperlipidemia, can-
cer, and depression. To assess the stability of the model,
we conducted sensitivity analyses by categorizing the
SDOH into tertiles: Q1 (0-2), Q2 (3—4) and Q3 (=5). A
fully adjusted Restricted Cubic Spline (RCS) model was
used to evaluate the non-linear associations between
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SDOH and mortality outcomes. The RCS analysis tests
for non-linearity by comparing the fit of a linear model
to one that includes spline terms. Specifically, a P-value
for non-linearity<0.05 suggests that the relationship
between SDOH and mortality is non-linear and cannot
be adequately represented by a linear model. Conversely,
a P for non-linearity > 0.05 indicates that the relationship
is linear and requires further testing.

In addition to the RCS analysis, we conducted a trend
test (P for trend) to evaluate the linear relationship
between mortality outcomes and increasing levels of
SDOH. A significant P for trend <0.05 suggests a con-
sistent linear relationship, indicating that mortality risk
increases progressively with higher SDOH scores. This
combination of RCS and trend analysis enables a compre-
hensive evaluation of both non-linear and linear trends in
the data.

In addition to evaluating the main effects of SDOH
on mortality outcomes, we conducted subgroup analy-
ses to identify potential effect modifiers. These analy-
ses aimed to determine whether specific demographic
and clinical factors—such as age, sex, race, alcohol use,
BMI, and hyperlipidemia—might influence the relation-
ship between SDOH and mortality risk. This approach is
commonly used in epidemiological studies to understand
how various factors may modify the impact of exposures
on health outcomes.

All statistical tests were two-sided and P values less
than 0.05 were considered statistically significant. Analy-
ses were performed using R software.

Results

Baseline characteristics

Table 1 The baseline characteristics of the study popu-
lation, categorized by SDOH score tertiles, are summa-
rized as follows. The weighted mean age of participants
was 55.3 £0.3 years. Significant differences were observed
across the SDOH tertiles for demographic variables,
including age, sex, race, smoking status, alcohol con-
sumption and the presence of hypertension, CCVD,
depression and cancer (P<0.05). However, no statisti-
cally significant differences were found in the prevalence
of DM, BMI or hyperlipidemia (P>0.05). These findings
suggest that certain demographic and lifestyle factors
may influence SDOH, which in turn may affect the health
status of this population.

RCS analysis

In a fully adjusted RCS model that accounted for con-
founding factors, a higher SDOH score in individuals
with MetS was associated with an increased risk of all-
cause, cancer, and cardio-cerebrovascular mortality.
However, all three outcomes followed linear patterns,
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Table 1 Baseline characteristics of participants with MetS according to SDOH in NHANES

Variable Total Q1 Q2 Q3 Q4 Pvalue
Age 553403 570+04 56.8+0.5 523407 498+0.5 <0.0001
Follow-up Time (months) 872413 90.74+2.0 864+1.7 83.0+2.0 824+16 0.01
Follow-up Status, n (%) <0.0001
Alive 6173(87.3) 1905(90.4) 1912(84.0) 876(85.2) 1480(86.8)

Deceased 1193(12.7) 275(9.6) 478(16.0) 178(14.8) 262(13.2)

Sex <0.0001
Female 3984(52.2) 956(43.2) 1303(56.6) 613(60.2) 1112(62.5)

Male 3382(47.8) 1224(56.8) 1087(43.4) 441(39.8) 630(37.5)

Ethnicity, n (%) <0.0001
Mexican American 1172(7.7) 186(3.1) 324(7.0) 245(13.3) 417(17.9)

Non-Hispanic Black 1510(10.1) 349(5.3) 505(10.5) 241(15.1) 415(18.7)

Non-Hispanic White 3469(72.4) 1342(85.0) 1197(72.6) 407(59.2) 523(46.7)

Other 1215(9.8) 303(6.6) 364(9.8) 161(12.4) 387(16.7)

Employment, n (%) <0.0001
Employed, student, retired 5308(77.4) 2071(94.5) 1978(80.6) 656(59.1) 603(36.5)

Not employed 2058(22.6) 109(5.5) 412(19.4) 398(40.9) 1139(63.5)

PIR, n (%) <0.0001
<3 4904(53.0) 392(13.9) 1803(70.5) 989(92.0) 1720(98.1)

>3 2462(47.0) 1788(86.1) 587(29.5) 65(8.0) 22(1.9)

Food security, n (%) <0.0001
Full food security 5009(75.3) 2125(97.7) 1878(78.7) 600(54.5) 406(21.6)

Marginal, low, or very low 2357(24.7) 55(2.3) 512(21.3) 454(45.5) 1336(78.4)

Education, n (%) <0.0001
High school or more 5311(82.1) 2109(96.7) 1852(82.5) 632(69.3) 718(50.7)

Less than high school 2055(17.9) 71(3.3) 538(17.5) 422(30.7) 1024(49.3)

Access to healthcare, n (%) <0.0001
No routine place, or ER/hospital/other 814(10.0) 35(1.8) 152(7.6) 157(19.2) 470(30.7)

Routine place to go for healthcare 6552(90.0) 2145(98.2) 2238(92.4) 897(80.8) 1272(69.3)

Health insurance, n (%) <0.0001
Government or no insurance 3623(38.1) 211(9.2) 977(37.6) 800(74.6) 1635(93.1)

Private insurance 3743(61.9) 1969(90.8) 1413(62.4) 254(25.4) 107(6.9)

Housing instability, n (%) <0.0001
Own home 4958(73.9) 2102(96.9) 1832(74.0) 573(534) 451(25.3)

Rent or other arrangement 2408(26.1) 78(3.1) 558(26.0) 481(46.6) 1291(74.7)

Marital status, n (%) <0.0001
Married or living with a partner 4481(66.0) 1917(88.4) 1461(58.1) 539(49.6) 564(31.9)

Not married nor living with a partner 2885(34.0) 263(11.6) 929(41.9) 515(50.4) 1178(68.1)

Smoke, n (%) <0.0001
former 2273(31.8) 760(35.1) 804(34.4) 306(28.0) 403(20.3)

never 3719(49.8) 1208(54.3) 1207(48.8) 514(47.2) 790(41.5)

now 1374(18.3) 212(10.6) 379(16.8) 234(24.8) 549(38.2)

Alcohol user, n (%) <0.0001
former 1696(19.9) 383(15.8) 595(22.6) 277(24.6) 441(22.5)

never 1193(12.1) 237(8.5) 376(12.8) 203(14.5) 377(19.0)

now 4477(68.0) 1560(75.7) 1419(64.6) 574(60.9) 924(58.4)

BMI, n (%) 0.2
<25 437(5.3) 125(4.9) 149(5.1) 54(5.8) 109(6.2)

>29.9 4891(68.2) 1430(67.1) 1542(68.3) 722(69.5) 1197(70.2)

25-299 2038(26.5) 625(28.0) 699(26.6) 278(24.7) 436(23.6)

Hypertension, n (%) <0.001
no 1913(28.3) 536(25.7) 584(28.1) 288(32.8) 505(32.9)

yes 5453(71.7) 1644(74.3) 1806(71.9) 766(67.2) 1237(67.1)

DM, n (%) 0.5
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Table 1 (continued)

Variable Total Q1 Q2 Q3 Q4 Pvalue
DM 2852(32.3) 780(31.3) 925(32.7) 431(333) 716(33.9)

no 4514(67.7) 1400(68.7) 1465(67.3) 623(66.7) 1026(66.1)

Hyperlipidemia, n (%) 0.1

no 436(5.3) 150(5.8) 151(5.8) 55(4.7) 80(3.7)

yes 6930(94.7) 2030(94.2) 2239(94.2) 999(95.3) 1662(96.3)

Depression, n (%) <0.0001
no 6510(89.9) 2097(95.7) 2177(90.6) 916(85.7) 1320(75.4)

yes 856(10.1) 83(4.3) 213(94) 138(14.3) 422(24.6)

Cancer, n (%) <0.0001
no 6365(85.3) 1802(82.2) 2043(85.9) 934(87.4) 1586(91.2)

yes 1001(14.7) 378(17.8) 347(14.1) 120(12.6) 156(8.8)

CCVD, n (%) <0.001
no 5838(81.9) 1794(84.2) 1889(81.8) 821(77.3) 1334(78.7)

yes 1528(18.1) 386(15.8) 501(18.2) 233(22.7) 408(21.3)

Heart attack, n (%) 0.4

no 6738(92.7) 2014(93.0) 2192(93.0) 959(91.5) 1573(91.9)

yes 628(7.3) 166(7.0) 198(7.0) 95(8.5) 169(8.1)

Stroke, n (%) <0.0001
no 6855(94.4) 2091(96.4) 2203(93.8) 966(91.5) 1595(92.2)

yes 511(5.6) 89(3.6) 187(6.2) 88(8.5) 147(7.8)

Congestive heart failure, n (%) <0.0001
no 6848(94.1) 2070(95.7) 2223(94.1) 969(91.1) 1586(91.7)

yes 518(5.9) 110(4.3) 167(5.9) 85(8.9) 156(8.3)

Coronary heart disease, n (%) 04

no 6750(91.8) 1975(91.2) 2182(91.9) 981(92.7) 1612(93.0)

yes 616(8.2) 205(8.8) 208(8.1) 73(7.3) 130(7.0)

Angina, n (%) 02

no 6967(94.8) 2071(95.3) 2265(95.0) 997(93.8) 1634(93.8)

yes 399(5.2) 109(4.7) 125(5.0) 57(6.2) 108(6.2)

Abbreviations: Cl, confidence interval; BMI, body mass index; DM, diabetes mellitus; CCVD, cardio-cerebral vascular disease; SDOH, Social determinants of health;
MetS, Metabolic syndrome; NHANES, National Health and Nutrition Examination Survey

Weighted Data: All data presented in this table are weighted to reflect the complex survey design of the NHANES dataset, ensuring that the sample is representative

of the U.S. population

Data are presented as weighted mean (SE) or weighted frequencies (weighted percentages)

with no evidence of non-linearity (P for non-linear-
ity=0.071, 0.323, and 0.062, respectively), as illustrated in
Fig. 2(A-C).

Association of SDOH with mortality in MetS

Kaplan-Meier survival analyses further confirmed
that survival probabilities for all-cause mortality, can-
cer mortality, and cardiovascular disease were signifi-
cantly associated with SDOH levels (P<0.05). The data
demonstrated that higher SDOH scores were linked to
decreased survival probabilities (Fig. 3).

Table 2 illustrates that within the study population,
higher SDOH scores were associated with an increased
risk of all-cause and cause-specific mortality. This rela-
tionship remained consistent across all three mod-
els, with all trends being statistically significant (P for
trend < 0.05). In the fully multivariable-adjusted analyses,
the categorization of SDOH revealed that individuals

with high SDOH had an 141%, 145%, and 162% higher
risk of all-cause, cancer, and cardio-cerebrovascular mor-
tality, respectively, compared to those in the low-SDOH
group.

In our analysis of SDOH and mortality outcomes, we
identified significant associations across various domains
(Table S2-S4). For all-cause mortality, significant predic-
tors included unemployment (HR=1.41, 95% CI: 1.13,
1.75, P=0.002), a PIR of >3 (HR=0.78, 95% CI: 0.64, 0.95,
P=0.01), less than high school education (HR=1.19, 95%
CI: 1.02, 1.38, P=0.02), and being unmarried or not liv-
ing with a partner (HR =1.20, 95% CI: 1.04, 1.40, P=0.01).
For cancer mortality, unemployment was a signifi-
cant predictor (HR=1.79, 95% CI: 1.19, 2.68, P=0.005).
Regarding cardio-cerebrovascular mortality, significant
associations were found for less than high school edu-
cation (HR=1.39, 95% CI: 1.08, 1.78, P=0.01) and being
unmarried or not living with a partner (HR=1.56, 95%
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Fig. 2 Association between SDOH and all-cause mortality (A), cancer mortality (B) and cardio—cerebrovascular mortality (C). Adjusted for age, sex, eth-
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CI: 1.24, 1.95, P<0.001). These findings underscore the
influence of specific SDOH domains on different mortal-
ity outcomes.

Subgroup analysis

Sensitivity analyses, performed after partitioning the
SDOH into tertile spacing, are presented in Table S5.
In patients with MetS, the associations between SDOH
and the risk of all-cause, cardio - cerebrovascular disease

mortality, and cancer mortality were consistent with
the overall findings. In the subgroup analyses, the asso-
ciations between depression, SDOH, and mortality
remained similar across different age, sex, race, alcohol
user, bmi and hyperlipidemia subgroups (all P for inter-
action > 0.05) (Table S6). These subgroup analyses aim to
assess the consistency of the associations between SDOH
and mortality across various demographic and clinical
subgroups. However, we acknowledge that relying solely
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Crude model Model 1 Model 2
All-cause mortality HR (95%Cl) p HR (95%Cl) p HR (95%Cl) P
Q1 ref ref ref
Q2 1.77(1.46,2.16) <0.0001 1.51(1.27,1.80) <0.0001 1.55(1.30,1.84) <0.0001
Q3 1.74(1.36,2.22) <0.0001 2.08(1.67,2.58) <0.0001 1.98(1.59,2.46) <0.0001
Q4 1.56(1.22,1.99) <0.001 2.51(1.96,3.23) <0.0001 241(1.87,3.12) <0.0001
P for trend <0.0001 <0.0001 <0.0001
Cancer mortality
Q1 ref ref ref
Q2 1.43(1.02,2.00) 0.04 1.35(0.97,1.88) 0.08 1.45(1.05,1.99) 0.02
Q3 1.82(1.14,2.89) 0.01 2.38(1.49,3.82) <0.001 2.51(1.57,4.02) <0.001
Q4 1.17(0.76,1.81) 047 2.18(1.38,3.45) <0.001 2.45(1.54,3.89) <0.001
P for trend 0.1 <0.0001 <0.0001
Cardio — cerebrovascular disease mortality
Q1 ref ref ref
Q2 2.25(1.67,3.03) <0.0001 1.97(1.46,2.64) <0.0001 1.98(1.47,2.66) <0.0001
Q3 1.52(1.02,2.27) 0.04 2.05(1.41,2.98) <0.001 1.78(1.22,2.61) 0.003
Q4 1.54(1.04,2.27) 003 2.89(1.96,4.25) <0.0001 2.62(1.79,3.84) <0.0001
P for trend 0.01 <0.0001 <0.0001

Crude model: No adjustment for any potential influence factors
Model 1: Adjusted for age, sex, ethnicity, alcohol user, smoke, BMI

Model 2: Adjusted for age, sex, ethnicity, alcohol user, smoke, BMI, DM, Hypertension, CCVD, Hyperlipidemia, cancer, depression

Abbreviations: HR, hazard ratio; Cl, confidence interval; BMI, body mass index; DM, diabetes mellitus; CCVD, cardio-cerebral vascular disease; SDOH, Social

determinants of health

on P for interaction tests may lead to misleading con-
clusions, and caution is advised when interpreting these
results. The potential for chance effects must be consid-
ered, and further studies with larger sample sizes or ran-
domized controlled trials are necessary to validate these
findings.

Discussion

To our knowledge, this is the first retrospective study to
examine the relationship between SDOH and mortality
in patients with MetS, providing new insights into the
role of health factors in influencing survival outcomes.
Our findings suggest that higher SDOH scores were sig-
nificantly associated with an increased risk of all-cause,
cardio — cerebrovascular, and cancer mortality.

Our study and Bundy et al’s both highlight the SDOH-
mortality link [19]. However, our research focuses on
MetS patients, who face a higher mortality risk due to
metabolic issues, whereas Bundy et al. examined the
general US population, allowing broader application of
their findings. We clarify in the manuscript that, despite
these population differences, both studies confirm the
significant impact of SDOH on mortality risk. Unlike
Bundy et al’s cumulative SDOH score approach, we cat-
egorized SDOH into quartiles (Q1-Q4) to explore its
dose-response relationship with mortality, offering a
more detailed analysis than their method. Our analysis
adjusted for multiple confounders like age, sex, ethnic-
ity, BMI, smoking, alcohol use, diabetes, hypertension,

CCVD, hyperlipidemia, cancer, and depression. Sen-
sitivity analyses confirmed that the SDOH-mortality
association remained significant after these adjust-
ments, indicating the reliability of our results. We used
Cox regression and RCS to analyze the relationship
between SDOH and mortality. The results showed a lin-
ear relationship without nonlinear effects. Separate Cox
regressions for each SDOH subdomain revealed that
unemployment, lower income-to-poverty ratios, and less
than a high school education were significantly linked to
increased mortality risk. For instance, unemployment
was tied to higher all-cause mortality (HR=1.41, 95% CI:
1.13,1.75, P=0.002) and cancer mortality (HR=1.79, 95%
CI: 1.19, 2.68, P=0.005). Not married nor living with a
partner and low education levels were particularly risky
for cardio-cerebrovascular disease mortality.

Lifestyle and environmental factors, play an impor-
tant role in the development of MetS. Among these,
behaviors such as overeating and physical inactivity have
emerged as major contributors. Specifically, high caloric
intake, especially when sustained over time, may serve as
a primary causative factor. Visceral obesity, which often
results from excessive calorie consumption, has been
shown to trigger a cascade of metabolic pathways that are
central to the development of MetS [31, 32].This under-
standing is crucial because it highlights how dietary
habits, particularly those leading to increased body fat,
can be linked to the activation of multiple MetS-related
mechanisms. Additionally, this may provide valuable
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insight into why individuals with high BMI experience
significantly poorer outcomes in relation to SDOH within
the context of MetS. These insights are essential for
understanding the broader impacts of obesity, which
not only affect metabolic health directly but also influ-
ence social and environmental factors that contribute to
health disparities.

As observed in our study, SDOH was significantly asso-
ciated with cancer-specific mortality risk. This observa-
tion is consistent with a substantial body of evidence that
highlights the critical role SDOH play in shaping health
outcomes for cancer patients. Numerous studies have
demonstrated that social and environmental factors, such
as socioeconomic status, access to healthcare, and neigh-
borhood conditions, substantially influence the prognosis
and treatment effectiveness in cancer patients. In partic-
ular, socioeconomic disparities have been closely linked
to differences in cancer care, with those from lower
socioeconomic backgrounds often facing significant bar-
riers to accessing high-quality treatment. Financial inse-
curity, lack of insurance, and limited access to essential
resources like transportation have all been identified as
major obstacles that prevent cancer patients from achiev-
ing optimal health outcomes [33]. These issues create
a cascade of challenges that disproportionately affect
patients in lower-income groups, complicating their abil-
ity to manage the disease effectively. For instance, indi-
viduals living in lower socioeconomic neighborhoods
generally have lower rates of cancer screening, which
often results in diagnoses occurring at more advanced
stages of cancer, when treatment options are limited and
prognosis is poorer [34, 35]. The lack of early detection
is particularly problematic, as it significantly impacts the
chances of successful treatment and survival. Addition-
ally, cancer patients who reside in disadvantaged areas
tend to experience higher rates of rehospitalization and
mortality, which are often attributed to factors such as
limited access to healthcare services, inadequate follow-
up care, and the inability to adhere to treatment regimens
due to financial and logistical difficulties [36, 37]. Taken
together, these factors underscore a robust and multifac-
eted relationship between SDOH and cancer risk, high-
lighting the urgent need to address these determinants
in both cancer care and prevention efforts. Increasing
awareness of the role that SDOH play in cancer outcomes
is crucial for developing policies and interventions aimed
at reducing health disparities and ensuring more equita-
ble access to cancer care.

SDOH is also strongly associated with an elevated risk
of cardiovascular mortality, a relationship that has been
widely documented in the literature. Research has con-
sistently shown that individuals residing in economically
disadvantaged neighborhoods in high-income countries
face a significantly higher risk of developing coronary
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heart disease, even after controlling for individual-level
factors such as income, education, and occupation [38].
This suggests that the neighborhood context, which
includes factors like access to healthy food, safe spaces
for physical activity, and environmental exposures, plays
a critical role in shaping cardiovascular health outcomes.
In addition to these environmental factors, individu-
als from lower socioeconomic backgrounds experience
a greater burden of CCVD, which contributes to an
increased risk of mortality. This heightened risk is pri-
marily due to a combination of factors, including a higher
prevalence of unhealthy behaviors, such as poor diet,
physical inactivity, and smoking, along with greater psy-
chosocial stress and limited access to quality healthcare
[39]. These factors interact in complex ways, exacerbating
health inequalities and leading to worse health outcomes
in economically disadvantaged populations. Similarly,
large-scale epidemiological studies comparing urban
and rural populations have shown that individuals with
lower levels of education are at a significantly higher risk
for CVD events and related mortality. This risk is par-
ticularly pronounced in low- and middle-income coun-
tries, where access to healthcare and preventive services
is often limited and where educational attainment is
strongly correlated with socioeconomic status [40]. The
lack of access to quality education, which typically leads
to poorer employment opportunities and financial insta-
bility, contributes to a cycle of disadvantage that affects
cardiovascular health. Individuals facing these challenges
often experience a range of health adversities, including
limited access to healthcare resources, fewer support net-
works, and difficulty in managing chronic diseases. These
barriers are compounded by unhealthy behaviors, such as
poor dietary habits and lack of exercise, and insufficient
financial resources to address health-related needs or to
access preventive care [41].

These results highlight the significant association
between adverse SDOH and increased mortality risks
in individuals with metabolic syndrome. To confirm
the true causal efficacy of these interventions, rigorous
research, including randomized controlled trials and
comprehensive policy evaluations, is required. Such stud-
ies will provide stronger evidence on whether changes
in social conditions directly lead to improved health and
reduced mortality, or if the observed associations are
influenced by other underlying factors.

The strength of this study lies in its utilization of data
from the NHANES dataset. The reliability and validity of
the SDOH score are supported by the robust design of
the NHANES dataset, which incorporates a well-estab-
lished methodology for data collection. The stratified,
multistage probability sampling design ensures that the
sample is highly representative of the U.S. population,
allowing the SDOH score to effectively capture a wide
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range of experiences from individuals across various
demographic, socioeconomic, and geographical back-
grounds. This design not only enhances the generalizabil-
ity of the results but also provides a more comprehensive
understanding of how social determinants of health affect
diverse groups. Furthermore, the standardized data col-
lection process, combined with rigorous quality control
measures implemented throughout the NHANES sur-
vey, serves to minimize potential measurement errors.
This attention to detail ensures that the SDOH score
accurately reflects the true social determinants of health
within the study population. The combination of these
features—careful sampling, high-quality data collection,
and stringent quality control—provides a solid founda-
tion for the validity of our findings and reinforces the
utility of the SDOH score in evaluating the impact of
social determinants on mortality outcomes.

Limitations

The present study has several limitations that should be
acknowledged. First and foremost, the observational and
cross-sectional design of this study limits the ability to
draw causal inferences. As a result, the observed associa-
tions between SDOH and mortality may be influenced
by unmeasured confounding factors. Although we made
efforts to adjust for key covariates, factors such as health-
care access dynamics and psychosocial stressors were not
fully captured in our analysis, which could potentially
impact the validity of the associations observed. These
unmeasured variables may introduce biases that affect
the interpretation of the results. Second, while we identi-
fied significant associations between SDoH and mortal-
ity outcomes in patients with MetS, we did not employ
formal causal mediation models to explore the pathways
through which SDoH might influence these outcomes.
The lack of a mediation framework leaves us uncertain
about whether the observed associations represent a
direct biological effect of SDoH on mortality or whether
they are mediated through intermediate factors, such as
disease progression, psychosocial factors, or disparities in
healthcare access. Without a formal mediation analysis,
the precise mechanisms linking SDoH to mortality out-
comes remain unclear, and future studies utilizing such
models would be beneficial in better understanding these
complex relationships. Furthermore, some important
SDOH domains, such as experienced racism, discrimi-
nation, and social support, were not extensively assessed
in NHANES, which could have influenced the outcomes.
Therefore, replication of these findings in larger prospec-
tive cohort studies is necessary. Finally, the study’s results
may be most applicable to the U.S. population, and fur-
ther research is required to assess whether these findings
are generalizable to other populations or settings.

Page 12 of 14

Conclusions

In conclusion, our study emphasizes the significant asso-
ciation between SDOH and mortality risk in patients with
MetS. These findings highlight the critical importance
of considering SDOH in clinical and public health prac-
tices, as they may play a substantial role in determining
health outcomes. However, given the observational and
cross-sectional design of this study, the ability to draw
definitive causal conclusions is limited. As such, further
research is necessary to confirm these associations and
explore potential causal mechanisms. Longitudinal and
experimental studies, including causal mediation models,
could provide deeper insights into the pathways through
which SDOH influence mortality risk and inform inter-
ventions aimed at reducing health disparities.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/513098-025-01694-9.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4
Supplementary Material 5

Supplementary Material 6

Author contributions

Conceptualization: Xiaohan Ma, Sheng Chen, Lin Guo, Shuaikang Wang,
Junchao Wu, Lingling Wu, Encun Hou, Ting Zhang and Hongjun Gao. Data
curation: Sheng Chen, Xiaohan Ma, Encun Hou, Lin Guo, Shuaikang Wang,
Junchao Wu, Lingling Wu, Ting Zhang and Hongjun Gao. Validation: Sheng
Chen, Xiaohan Ma, Encun Hou, Lin Guo, Shuaikang Wang, Junchao Wu,
Lingling Wu, Ting Zhang and Hongjun Gao. Writing — original draft: Xiaohan
Ma, Sheng Chen, Lin Guo, Encun Hou, Shuaikang Wang, Junchao Wu, Lingling
Wu, Ting Zhang and Hongjun Gao. Writing - review & editing: Xiaohan Ma,
Sheng Chen, Lin Guo, Shuaikang Wang, Junchao Wu, Lingling Wu, Encun Hou,
Ting Zhang, Hongjun Gao and Encun Hou.

Funding

The authors disclosed receipt of the following financial support for the
research, authorship, and publication of this article: This work was supported
by Cell and tissue engineering clinical research high-level talent cultivation
innovation team (grant number 04B24008B8), Guangxi Clinical Medical
Research Center for Integrated Traditional Chinese and Western Medicine
Kidney Diseases (grant number AD22035122), Guangxi High-level Traditional
Chinese Medicine Key Discipline Construction Pilot Project (Basic of Integrated
Traditional Chinese and Western Medicine) (Guangxi Traditional Chinese
Medicine Science and Education Development [2023] No. 13), Guangxi Key
Research and Development Plan (Project Number: AB24010077). Guangxi
Traditional Chinese Medicine Bureau of Traditional Chinese Medicine
self-funded research project (Project Number: GXZYA20240158), Guangxi
Health Commission of Western Medicine self-funded scientific research
Project (Project Number Z-A20240805), Guangxi University of Traditional
Chinese Medicine University Level Project (Project Number 2024MS051)

and the Flagship Department Construction Project of Integrative Medicine
(Department of Oncology, Ruikang Hospital, Guangxi University of Traditional
Chinese Medicine).

Data availability
The data supporting the findings of this study are publicly available from
the National Health and Nutrition Examination Survey (NHANES) database.


https://doi.org/10.1186/s13098-025-01694-9
https://doi.org/10.1186/s13098-025-01694-9

Ma et al. Diabetology & Metabolic Syndrome (2025) 17:136

NHANES datasets can be accessed at https.//www.cdc.gov/nchs/nhanes/ind
ex.htm.

Declarations

Consent for publication
All participants agreed to publish.

Competing interests
The authors declare no competing interests.

Conflict of interest
The authors declare no conflict of interest regarding the publication of this.

Ethics statement

NHANES was implemented by the National Center for Health Statistics of the
US Centers for Disease Control and Prevention (CDC) and approved by the
National Center for Health Statistics Institutional Review Board. All participants
have provided written informed consent.

Author details

Graduate School, Guangxi University of Chinese Medicine, Nanning,
Guangxi, China

“Ruikang Hospital, Guangxi University of Chinese Medicine, No.10 of
Huadong Rd., Xingning District, Nanning, Guangxi 530011, China

Received: 22 December 2024 / Accepted: 8 April 2025
Published online: 23 April 2025

References

1. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome—a new world-wide
definition. A Consensus Statement from the International Diabetes
Federation. Diabetic medicine: a journal of the British Diabetic Association.
2006,23(5):469-80. https://doi.org/10.1111/}.1464-5491.2006.01858 x. PMID:
16681555.

2. Saklayen MG. The Global Epidemic of the Metabolic Syndrome. Current
hypertension reports. 2018;20(2):12. https://doi.org/10.1007/511906-018-081
2-z. PMID: 29480368.

3. Ford ES. Risks for all-cause mortality, cardiovascular disease, and diabetes
associated with the metabolic syndrome: a summary of the evidence. Diabe-
tes care. 2005;28(7):1769-78. https://doi.org/10.2337/diacare.28.7.1769. PMID:
15983333.

4. Sattar N, Gaw A, Scherbakova O, Ford I, O'Reilly DS, Haffner SM et al. Meta-
bolic syndrome with and without C-reactive protein as a predictor of coro-
nary heart disease and diabetes in the West of Scotland Coronary Prevention
Study. Circulation. 2003;108(4):414-9. https://doi.org/10.1161/01.Cir.00000808
97.52664.94. PMID: 12860911.

5. Bonora E, Targher G, Formentini G, Calcaterra F, Lombardi S, Marini F et al. The
Metabolic Syndrome is an independent predictor of cardiovascular disease in
Type 2 diabetic subjects. Prospective data from the Verona Diabetes Compli-
cations Study. Diabetic medicine: a journal of the British Diabetic Association.
2004,21(1):52- 8. https://doi.org/10.1046/j.1464-5491.2003.01068 x. PMID:
14706054.

6. MerchantRA, Chan YH, Lim JY, Morley JE. Prevalence of Metabolic Syndrome
and Association with Grip Strength in Older Adults: Findings from the HOPE
Study. Diabetes, metabolic syndrome and obesity: targets and therapy.
2020;13:2677-86. https://doi.org/10.2147/dms0.5260544. PMID: 32821140.

7. Aguilar M, Bhuket T, Torres S, Liu B, Wong RJ. Prevalence of the metabolic
syndrome in the United States, 2003-2012. Jama. 2015;313(19):1973-4. https/
/doi.org/10.1001/jama.2015.4260. PMID: 25988468.

8. Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin BA et al.
Resistance exercise in individuals with and without cardiovascular disease:
2007 update: a scientific statement from the American Heart Association
Council on Clinical Cardiology and Council on Nutrition, Physical Activity, and
Metabolism. Circulation. 2007;116(5):572-84. https://doi.org/10.1161/circulat
jonaha.107.185214. PMID: 17638929.

9. Schlenk EA, Erlen JA, Dunbar-Jacob J, McDowell J, Engberg S, Sereika SM
et al. Health-related quality of life in chronic disorders: a comparison across
studies using the MOS SF-36. Quality of life research: an international journal

20.

21.

22.

23.

24.

25.

26.

27.

Page 13 of 14

of quality of life aspects of treatment, care and rehabilitation. 1998;7(1):57-65.
https://doi.org/10.1023/a:1008836922089. PMID: 9481151.

Jilani MH, Javed Z, Yahya T, Valero-Elizondo J, Khan SU, Kash B et al. Social
Determinants of Health and Cardiovascular Disease: Current State and

Future Directions Towards Healthcare Equity. Current atherosclerosis reports.
2021;23(9):55. https://doi.org/10.1007/511883-021-00949-w. PMID: 34308497.
Gomez CA, Kleinman DV, Pronk N, Wrenn Gordon GL, Ochiai E, Blakey C et

al. Addressing Health Equity and Social Determinants of Health Through
Healthy People 2030. J Public Health Manag Pract. 2021;27(Suppl 6):5249-s57.
https://doi.org/10.1097/phh.0000000000001297. PMID: 33729197.

Hyattsville M, National Center for Health Statistics. Chapter 39: Social determi-
nants of health. In: Healthy People 2020 Midcourse Review. 2016.

Hill-Briggs F, Fitzpatrick SL. Overview of Social Determinants of Health in the
Development of Diabetes. Diabetes care. 2023;46(9):1590-8. https://doi.org/1
0.2337/dci23-0001. PMID: 37354331,

Teshale AB, Htun HL, Owen A, Gasevic D, Phyo AZZ, Fancourt D et al. The Role
of Social Determinants of Health in Cardiovascular Diseases: An Umbrella
Review. Journal of the American Heart Association. 2023;12(13):e029765. http
s://doi.org/10.1161/jaha.123.029765. PMID: 37345825,

Korn AR, Walsh-Bailey C, Correa-Mendez M, DelNero P, Pilar M, Sandler B et al.
Social determinants of health and US cancer screening interventions: A sys-
tematic review. CA Cancer J Clin. 2023;73(5):461-79. doi: 10.3322/caac.21801.
PMID: 37329257.

Reyes-Ortiz CA, Marin-Vargas E, Ocampo-Chaparro JM. Social determinants
of health and metabolic syndrome in Colombian older adults. Nutrition,
metabolism, and cardiovascular diseases: NMCD. 2024;34(7):1751-60. https://
doi.org/10.1016/j.numecd.2024.01.022. PMID: 38413358,

Kim I, Song YM, Ko H, Sung J, Lee K, Shin J et al. Educational Disparities in

Risk for Metabolic Syndrome. Metabolic syndrome and related disorders.
2018;16(8):416- 24. https://doi.org/10.1089/met.2017.0170. PMID: 29975597.
von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP.
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting observational studies. Int J
Surg. 2014;12(12):1495-9. https://doi.org/10.1016/}.ijsu.2014.07.013. PMID:
25046131,

Bundy JD, Mills KT, He H, LaVeist TA, Ferdinand KC, Chen J et al. Social deter-
minants of health and premature death among adults in the USA from 1999
to 2018: a national cohort study. Lancet Public Health. 2023,8(6):e422-e31. htt
ps://doi.org/10.1016/52468-2667(23)00081-6. PMID: 37244672.

Yang ZG, Sun X, Han X, Wang X, Wang L. Relationship between social
determinants of health and cognitive performance in an older American
population: a cross-sectional NHANES study. BMC Geriatr. 2025;25(1):25. https
;//doi.org/10.1186/512877-024-05672-0. PMID: 39794733,

Zhong J, Zhang Y, Zhu K, Li R, Zhou X, Yao P et al. Associations of social
determinants of health with life expectancy and future health risks among
individuals with type 2 diabetes: two nationwide cohort studies in the UK
and USA. Lancet Healthy Longev. 2024;5(8):e542-e51. https://doi.org/10.1016
/52666-7568(24)00116-8. PMID: 39106873.

Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA et al.
Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement.
Circulation. 2005;112(17):2735-52. https://doi.org/10.1161/circulationaha.105.
169404. PMID: 16157765.

LiY, Zheng R, Li S, Cai R, Ni F, Zheng H et al. Association Between Four Anthro-
pometric Indexes and Metabolic Syndrome in US Adults. Front Endocrinol
(Lausanne). 2022;13:889785. https://doi.org/10.3389/fend0.2022.889785.
PMID: 35685216.

Hicks CW, Wang D, Matsushita K, Windham BG, Selvin E. Peripheral Neuropa-
thy and All-Cause and Cardiovascular Mortality in U.S. Adults: A Prospective
Cohort Study. Ann Intern Med. 2021;174(2):167-74. https://doi.org/10.7326/
m20-1340. PMID: 33284680.

Rattan P, Penrice DD, Ahn JC, Ferrer A, Patnaik M, Shah VH et al. Inverse
Association of Telomere Length With Liver Disease and Mortality in the US
Population. Hepatol Commun. 2022;6(2):399-410. https://doi.org/10.1002/he
p4.1803. PMID: 34558851.

Zhao H, Gui W, Tan X, Chen Y, Ning Y, Wang X. Exploratory analysis of the
associations between neonicotinoids insecticides and serum lipid profiles
among US adults: A cross-sectional, population-based study. Ecotoxicol
Environ Saf. 2023,268:115724. https://doi.org/10.1016/j.ecoenv.2023.115724.
PMID: 37992647.

Third Report of the National Cholesterol Education Program (NCEP). Expert
panel on detection, evaluation, and treatment of high blood cholesterol in


https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.2337/diacare.28.7.1769
https://doi.org/10.1161/01.Cir.0000080897.52664.94
https://doi.org/10.1161/01.Cir.0000080897.52664.94
https://doi.org/10.1046/j.1464-5491.2003.01068.x
https://doi.org/10.2147/dmso.S260544
https://doi.org/10.1001/jama.2015.4260
https://doi.org/10.1001/jama.2015.4260
https://doi.org/10.1161/circulationaha.107.185214
https://doi.org/10.1161/circulationaha.107.185214
https://doi.org/10.1023/a:1008836922089
https://doi.org/10.1023/a:1008836922089
https://doi.org/10.1007/s11883-021-00949-w
https://doi.org/10.1097/phh.0000000000001297
https://doi.org/10.1097/phh.0000000000001297
https://doi.org/10.2337/dci23-0001
https://doi.org/10.2337/dci23-0001
https://doi.org/10.1161/jaha.123.029765
https://doi.org/10.1161/jaha.123.029765
https://doi.org/10.1016/j.numecd.2024.01.022
https://doi.org/10.1016/j.numecd.2024.01.022
https://doi.org/10.1089/met.2017.0170
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1016/s2468-2667(23)00081-6
https://doi.org/10.1016/s2468-2667(23)00081-6
https://doi.org/10.1186/s12877-024-05672-0
https://doi.org/10.1186/s12877-024-05672-0
https://doi.org/10.1016/s2666-7568(24)00116-8
https://doi.org/10.1016/s2666-7568(24)00116-8
https://doi.org/10.1161/circulationaha.105.169404
https://doi.org/10.1161/circulationaha.105.169404
https://doi.org/10.3389/fendo.2022.889785
https://doi.org/10.7326/m20-1340
https://doi.org/10.7326/m20-1340
https://doi.org/10.1002/hep4.1803
https://doi.org/10.1002/hep4.1803
https://doi.org/10.1016/j.ecoenv.2023.115724

Ma et al. Diabetology & Metabolic Syndrome

28.

29.

30.

31.

32.

33.

34.

35.

36.

(2025) 17:136

adults (Adult treatment panel lll) final report. Circulation. 2002;106(25):3143-
421. PMID: 12485966.

Li GP, Zhang D, Li MH, Yuan FF, Hou XJ, He DJ et al. Association between

the neutrophil-to-lymphocyte ratio and cancer in adults from NHANES
2005-2018: a cross-sectional study. Sci Rep. 2024;14(1):23678. https.//doi.org/
10.1038/541598-024-75252-0. PMID: 39390050.

Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and Trends

in Diabetes Among Adults in the United States, 1988-2012. Jama.
2015;314(10):1021-9. https://doi.org/10.1001/jama.2015.10029. PMID:
26348752.

Scinicariello F, Buser MC, Feroe AG, Attanasio R. Antimony and sleep-related
disorders: NHANES 2005-2008. Environ Res. 2017;156:247-52. https://doi.org
/10.1016/j.envres.2017.03.036. PMID: 28363141.

Matsuzawa Y, Funahashi T, Nakamura T. The concept of metabolic syndrome:
contribution of visceral fat accumulation and its molecular mechanism. J
Atheroscler Thromb. 2011;18(8):629-39. https://doi.org/10.5551/jat.7922.
Pekgor S, Duran C, Berberoglu U, Eryilmaz MA. The Role of Visceral Adiposity
Index Levels in Predicting the Presence of Metabolic Syndrome and Insulin
Resistance in Overweight and Obese Patients. 2019;17(5):296-302. https://do
i.0rg/10.1089/met.2019.0005. PMID: 30932744.

Zettler ME, Feinberg BA, Jeune-Smith Y, Gajra A. Impact of social determi-
nants of health on cancer care: a survey of community oncologists. BMJ
open. 2021;11(10):2049259. https://doi.org/10.1136/bmjopen-2021-049259.
PMID: 34615676.

Kurani SS, McCoy RG, Lampman MA, Doubeni CA, Finney Rutten LJ, Inselman
JW et al. Association of Neighborhood Measures of Social Determinants of
Health With Breast, Cervical, and Colorectal Cancer Screening Rates in the US
Midwest. JAMA network open. 2020;3(3):200618. https://doi.org/10.1001/ja
manetworkopen.2020.0618. PMID: 32150271.

Roche LM, Niu X, Stroup AM, Henry KA. Disparities in Female Breast Cancer
Stage at Diagnosis in New Jersey: A Spatial-Temporal Analysis. Journal of
public health management and practice: JPHMP. 2017,23(5):477-86. https./
doi.org/10.1097/phh.0000000000000524. PMID: 28430705.

Whitney RL, Bell JF, Tancredi DJ, Romano PS, Bold RJ, Joseph JG. Hospi-
talization Rates and Predictors of Rehospitalization Among Individuals

37.

38.

39.

40.

41.

Page 14 of 14

With Advanced Cancer in the Year After Diagnosis. Journal of clinical
oncology: official journal of the American Society of Clinical Oncology.
2017;35(31):3610-7. https://doi.org/10.1200/jc0.2017.72.4963. PMID:
28850290.

Gaubatz ME, Bukatko AR, Simpson MC, Polednik KM, Adjei Boakye E, Varvares
MA et al. Racial and socioeconomic disparities associated with 90-day mortal-
ity among patients with head and neck cancer in the United States. Oral
oncology. 2019;89:95-101. https://doi.org/10.1016/j.oraloncology.2018.12.02
3. PMID: 30732966.

Diez Roux AV, Merkin SS, Arnett D, Chambless L, Massing M, Nieto FJ et al.
Neighborhood of residence and incidence of coronary heart disease. The
New England journal of medicine. 2001;345(2):99-106. https://doi.org/10.105
6/nejm200107123450205. PMID: 11450679.

Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P et al. Socio-
economic Status and Cardiovascular Outcomes: Challenges and Interven-
tions. Circulation. 2018;137(20):2166-78. https://doi.org/10.1161/circulationah
a.117.029652. PMID: 29760227.

Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C, Bangdiwala SI,
AlHabib KF et al. Socioeconomic status and risk of cardiovascular disease in
20 low-income, middle-income, and high-income countries: the Prospec-
tive Urban Rural Epidemiologic (PURE) study. The Lancet Global health.
2019;7(6):e748-e60. https://doi.org/10.1016/52214-109x(19)30045-2. PMID:
31028013.

Matthews KA, Gallo LC. Psychological perspectives on pathways link-

ing socioeconomic status and physical health. Annu Rev Psychol.
2011,62:501-30. https://doi.org/10.1146/annurev.psych.031809.130711.
PMID: 20636127.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/s41598-024-75252-0
https://doi.org/10.1038/s41598-024-75252-0
https://doi.org/10.1001/jama.2015.10029
https://doi.org/10.1016/j.envres.2017.03.036
https://doi.org/10.1016/j.envres.2017.03.036
https://doi.org/10.5551/jat.7922
https://doi.org/10.1089/met.2019.0005
https://doi.org/10.1089/met.2019.0005
https://doi.org/10.1136/bmjopen-2021-049259
https://doi.org/10.1001/jamanetworkopen.2020.0618
https://doi.org/10.1001/jamanetworkopen.2020.0618
https://doi.org/10.1097/phh.0000000000000524
https://doi.org/10.1097/phh.0000000000000524
https://doi.org/10.1200/jco.2017.72.4963
https://doi.org/10.1016/j.oraloncology.2018.12.023
https://doi.org/10.1016/j.oraloncology.2018.12.023
https://doi.org/10.1056/nejm200107123450205
https://doi.org/10.1056/nejm200107123450205
https://doi.org/10.1161/circulationaha.117.029652
https://doi.org/10.1161/circulationaha.117.029652
https://doi.org/10.1016/s2214-109x(19)30045-2
https://doi.org/10.1146/annurev.psych.031809.130711

	﻿Association between social determinants of health with the all-cause and cause-specific (cancer and cardio-cerebrovascular) mortality among the population with metabolic syndrome: NHANES 2005–2018
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data source and study design
	﻿Study population
	﻿Definition of SDOH score
	﻿Definition of MetS
	﻿Mortality outcomes
	﻿Covariables
	﻿Statistical analyses

	﻿Results
	﻿Baseline characteristics
	﻿RCS analysis
	﻿Association of SDOH with mortality in MetS
	﻿Subgroup analysis

	﻿Discussion
	﻿Limitations
	﻿Conclusions
	﻿References


