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The protective effect 
of social support on all‑cause 
and cardio‑cerebrovascular 
mortality among middle‑aged 
and older adults in the US
Yu Wang 1,5, Jun‑Jun Wang 2,5, Hao‑Feng Zhou 2,5, Wei‑Ya Li 3,5, Ying‑Xue Liao 2, Ming‑Yu Xu 2, 
Chuan‑Yu Gao 1* & Bo Lv 2,4*

The relationship between social support and mortality, especially cardio-cerebrovascular mortality, 
still has some limitations in the assessment of social support, sample selection bias, and short 
follow-up time. We used the data from 2005 to 2008 National Health and Nutrition Examination 
Survey to examine this relationship. The study analyzed a total of 6776 participants, divided into 
Group 1, Group 2, and Group 3 according to the social support score (0–1; 2–3; 4–5). Multivariable 
adjusted COX regression analyses of our study showed that Group 3 and Group 2 had a reduced risk of 
all-cause and cardio-cerebrovascular mortality (Group 3 vs 1, HR: 0.55, P < 0.001; HR: 0.4, P < 0.001; 
Group 2 vs 1, HR: 0.77, P = 0.017; HR: 0.58, P = 0.014) compared with Group 1. The same results were 
observed after excluding those who died in a relatively short time. Additionally, having more close 
friends, being married or living as married, and enough attending religious services were significantly 
related to a lower risk of mortality after adjustment. In brief, adequate social support is beneficial in 
reducing the risk of all-cause mortality and cardio-cerebrovascular mortality in middle-aged and older 
adults, especially in terms of attending religious services frequency, the number of close friends, and 
marital status.

Keywords  Social support, All-cause mortality, Cardio-cerebrovascular mortality, Middle-aged and older 
adults, NHANES

Social support generally refers to the emotional, instrumental and informational assistance that people can use 
or that is actually provided to them. It may be measured objectively by marital status, contacts with friends and 
relatives, religious and group membership, as well as subjectively through perceived help from others1. Social 
support can positively affect the cardiovascular, immune, metabolic, and nervous and endocrine systems by 
promoting healthy behaviors, such as good eating habits and physical exercise2–5. Previous studies have shown 
that middle-aged and older populations tend to have reduced social support, and lower social support is associ-
ated with poorer physical and mental health6. Numerous studies have indicated that the lack of social support 
is associated with an increased risk of incident coronary heart disease, depression, as well as cognitive and 
functional decline7–10.

The impact of social support on mortality is increasingly drawing attention. A large number of studies 
demonstrated that social support is independently associated with all-cause mortality in multiple populations 
after adjusting for demographic characteristics and initial health status11–15, although a few studies reported no 
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significant relation between the two16,17. But studies performed to date have some methodological limitations, 
including the use of oversimplified questionnaires without evaluating reliability and validity13,14,16, and limited 
sample sizes or short follow-up time periods11,12. More robust evidence is needed to illustrate the relationship 
between social support and mortality.

National Health and Nutrition Examination Survey (NHANES), founded by National Institutes of Health, 
recruited participants all over the United States, and the questionnaire of social support adapted in NHANES was 
developed from large-scale community epidemiological studies, gathering information on social support from 
five aspects: emotion, finance, marital status, number of friends and religious membership18–20. Therefore, our aim 
is to utilize data from NHANES to examine whether social support independently predicts all-cause mortality 
in the middle-aged and older population. Additionally, we explore the relationship between social support and 
cardio-cerebrovascular mortality, considering that cardio-cerebrovascular disease remains the leading cause of 
morbidity and mortality globally. This study has the potential to advance public awareness on social health and 
promote additional protection of vulnerable population.

Methods
Study design and study population
Our study aimed to investigate the influence of social support on mortality in the general US adult population 
using NHANES data. NHANES is a cross-sectional continuous series research aims to monitor the health of the 
US population. A complex, multistage, probability sampling design was used to select individual representative 
of the US population.

The population of interest included those participates who finished the social support questionnaire in the 
2005–2008 NHANES. Only participates who were 40 years old and above were qualified to answer the NHANES 
social support questionnaire. Trained household interviewers administered all the questionnaires in the sam-
ple participant’s home. Participants under the age of 40 were initially excluded. Subsequently, participants for 
whom the total social support score could not be calculated due to any missing social support components were 
excluded. Individuals with the missing information of death was also excluded. Finally, a total of 6776 individuals 
entered in the analysis. The flow chart of sample screening was showed in the Fig. 1. The report was in accord-
ance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for 
cohort studies.

Ethical approval and informed consent
The study protocols of NHANES were approved by the National Center for Health Statistics (NCHS) institutional 
review board and all the participants signed a written informed consent21,22. Ethical review and approval were 
waived for our study, since all the data from NHANES was publicly accessible. All the details of enrollment, pro-
cedures, and other data for NHANES can be acquired by visiting https://​www.​cdc.​gov/​nchs/​nhanes/​index.​htm.

Figure 1.   The research flow chart.

https://www.cdc.gov/nchs/nhanes/index.htm
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Social support assessment
We use five dichotomous social support variables to form a social support scoring index. The structure and pre-
dictive effectiveness of this index for NHANES have been proven in many previous studies3–5. The five aspects 
of social support scoring index respectively are emotional support, financial support, frequency of attending 
religious services, number of close friends, and marital status. Specifically, 1 point was assigned to the answer 
“yes” for the question on the emotional support (Can you count on anyone to provide with emotional support 
such as talking over problems or helping make a difficult decision?) and on the financial support (Could you 
count on anyone to help, for example, by paying any bills, housing costs, hospital visits, or providing with food 
or clothes?). The answers “no”, “don’t need” or “don’t accept” were assigned as “0”. 1 point was assigned for mar-
ried or living as married, attending at least four religious services per year (How often do you attend church or 
religious services?), and having four or more close friends (In general, how many close friends do you have?). In 
any of these questions, participates who refused to answer the question or answered “don’t know” were considered 
as missing data. Because these data could not be defined as either having or missing social support. The sum of 
social support score ranged from 0 to 5.

Covariates
Age was divided into five categories of 40–49, 50–59, 60–69, 70–79, and 80 years and older. Body mass index 
(BMI) was calculated as weight divided by height (kg/m2). Education was recorded as four levels including less 
than high school graduate, high school graduate or equivalent, some college or associate of arts degree, and 
college graduate or above. Race was described as non-Hispanic White; Mexican American and other Hispanic; 
non-Hispanic Black; Other. Using the American Heart Association (AHA) secondary diet score to estimate 
dietary management; eight dietary elements were included, with a total score of 80. A score < 32 was considered 
to indicate a poor diet23. We combined three questions from the NHANES to determine whether participants 
smoked or not. Individuals who answered “yes” to any question of “Have you smoked at least 100 cigarettes in 
life?”, “Do you now smoke cigarettes?” and “Used tobacco/nicotine last 5 days?” were divided into smoking group. 
Hypertension was defined as the patient admitting to having a history of high blood pressure.

Mortality data
The primary outcomes of interest included all-cause and cardio-cerebrovascular death until December 31, 2015. 
Mortality data were extracted from the mortality file which involved a probabilistic match between NHANES and 
National Death Index records provided by the NCHS. International Classification of Diseases, Tenth Revision 
codes (I00-I09, I11, I13, I20-I51, I60-I69) were used to define cardio-cerebrovascular deaths. All-cause mortality 
was defined as death from any cause. The median follow-up time in our study was 96.5 ± 27.7 (mean ± standard 
deviation) months.

Statistical analyses
Statistical analysis for this study was completed using SPSS version 25 and all the level of significance was set at 
P < 0.05. The participates were divided into 3 groups according to the social support score level (Group 1: social 
support score = 0–1; Group 2: social support score = 2–3; Group 3: social support score = 4–5). Our study mainly 
contained three parts: (1) Comparison of baseline characteristics in the three social support groups; (2) Next, we 
assessed the predict effect of social support on all-cause and cardio-cerebrovascular mortality in different models 
and subgroups; (3) Finally, the association between all the individual social support variables and all-cause as 
well as cardio-cerebrovascular mortality after multi-variable adjustment.

Continuous and classified variables were described as means (standard error), and number (percentage) 
respectively. The continuous variables including BMI and AHA secondary diet score are normally distributed, 
and their probability-probability (P-P) plots are shown in the Supplementary Fig. 1 and 2. Therefore, one-way 
analysis of variance (ANOVA) was utilized to analyze these differences among different groups. When analyzing 
categorical variables, the Chi-squared test was employed for different social support groups.

Variables with an obvious difference at baseline (P < 0.05) in the different social support groups were executed 
multivariate Cox regression analyses. Variable (gender and cancer or malignancy history) which was considered 
clinically associated with the mortality was also included in the multivariate Cox regression analysis. Finally, full 
adjusted variables included age, sex, BMI, education level, race, smoking, AHA Secondary Diet Score, cancer or 
malignancy history, diabetes, cardiovascular history, and cerebrovascular history. Multivariate Cox regression 
models were used to calculate the hazard ratios (HR) to estimate the association between social support levels 
and mortality after confounding variables adjustment. We also assessed the association between the five single 
social support variable and mortality by the Cox regression models. In order to avoid the bias of the early mortal-
ity caused by new major disease or accidents on our study, we extra executed sensitivity analyses after excluding 
participants who died within 1 year after the interview.

Ethical standards
All procedures performed in studies involving human participants were in accordance with the ethical stand-
ards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. This article does not contain any studies with animals performed 
by any of the authors. Written informed consent was obtained from all men and women who participated in 
the NHANES study.
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Results
Baseline characteristics
Table 1 showed the baseline characteristics of this study population. A total of 6776 participants in NHANES 
from 2005 to 2008 were included in our final analyses. Of these 6776 people, 3451 (50.9%) were female, 3325 
(49.1%) were male. 3508 (51.8%) were non-Hispanic white, 1476 (21.8%) were non-Hispanic black, 1511 (22.9%) 
were Mexican American and other Hispanic. 856 (12.6) had cardiovascular disease history, and 413 (6.1%) had 
cerebrovascular disease history. The majority of the sample were aged between 40 and 69 years (71.8%), less 
than high school graduate 2149 (31.7%). 3567 participants were divided into smoking group. The average of 
AHA Secondary Diet Score was 38.3 points and 1963 (29.0%) had a poor diet. 878 (13.0%) and 1122 (16.9%) 
had cancer or malignancy history and diabetes.

A total of 6183 (91.2%) individuals had emotional support, and 4964 (31.7%) owed the financial support. 
3972 (58.6%) attended religious services 4 times or more. 4262 (62.9%) had 4 or more close friends in our sample. 
And 4179 (61.7%) participates got 1 score for the marriage status (Supplementary Table 1). Finally, according 
to the total social support score, 400 (5.9%), 2735 (40.4%), 3641 (53.7%) were divided into Group 1 (Low social 
support), Group 2 (Medium social support), and Group 3 (High social support), respectively.

Main results
After a median follow-up of about 8 years, 1347 (19.9%) and 265 (3.9%) experienced all-cause and cardio-
cerebrovascular mortality, respectively. In the Cox regression analysis of different models, individuals with high 
social support score (Group 3) always had the lower risk of all-cause and cardio-cerebrovascular mortality than 
those with low social support in all the different Models (Table 2, Fig. 2).

After full variable adjustment (Including: age, sex, BMI, education level, race, smoking, AHA Secondary Diet 
Score, cancer or malignancy history, diabetes, cardiovascular history, and cerebrovascular history), Group 3 with 
a high social support could lower 45% all-cause mortality [Adjusted hazard ratios (aHR) = 0.55, 95% confidence 
interval (CI):0.45–0.69] and 60% cardio-cerebrovascular mortality (aHR = 0.40, 95% CI 0.26–0.62) than Group 
1 with low social support, respectively. And Group 2 also had a significantly lower risk of all-cause (aHR = 0.77, 

Table 1.   Descriptive statistics by social support score of general adults in NHANES. NHANES National Health 
and Nutrition Examination Survey, GED General Education Development, AA associate of arts, BMI body 
mass index, AHA American Heart Association, SD standard deviation. a For one-way analysis of variance test, £ 
for Chi-squared test. Bold characters mean a statistical significance.

Variables Total (n = 6776)

Social support score

PGroup 1: 0–1 (n = 400) Group 2: 2–3 (n = 2735) Group 3: 4–5 (n = 3641)

Age, range, n (%)£

< 0.001

 40–49 1751 (25.8) 99 (24.8) 700 (25.6) 952 (26.1)

 50–59 1518 (22.4) 88 (22.0) 660 (24.1) 770 (21.1)

 60–69 1598 (23.6) 110 (27.5) 626 (22.9) 862 (23.7)

 70–79 1150 (17.0) 56 (14.0) 419 (15.3) 675 (18.5)

 ≥ 80 759 (11.2) 47 (11.8) 330 (12.1) 382 (10.5)

Male, n (%)£ 3325 (49.1) 203 (50.7) 1352 (49.4) 1770 (48.6) 0.64

BMI (kg/m2), mean (SD)a 29.2 ± 6.5 28.7 ± 6.0 29.4 ± 7.2 29.1 ± 6.0 0.035

Education level, n (%)£

< 0.001

 Less than high school graduate 2149 (31.7) 197 (49.3) 1062 (38.8) 890 (24.4)

 High school graduate/GED or equivalent 1646 (24.3) 97 (24.3) 667 (24.4) 882 (24.2)

 Some college or AA degree 1663 (24.5) 68 (17.0) 641 (23.4) 954 (26.2)

 College graduate or above 1312 (19.4) 38 (9.5) 361 (13.2) 913 (25.1)

Race, n(%)£

< 0.001

 Mexican American and other Hispanic 1511 (22.9) 132 (33.0) 707 (25.9) 712 (19.6)

 Non-Hispanic white 3508 (51.8) 184 (46.0) 1257 (46.0) 2067 (56.8)

 Non-Hispanic black 1476 (21.8) 73 (18.3) 653 (23.9) 750 (20.6)

 Other race 241 (3.6) 11 (2.8) 118 (4.3) 112 (3.1)

Smoking, n (%)£ 3567 (52.6) 262 (65.5) 1561 (57.1) 1744 (47.9) < 0.001

AHA secondary diet score, mean (SD)a 38.3 ± 12.1 36.5 ± 12.2 37.6 ± 12.0 39.1 ± 12.1 < 0.001

Poor diet, n (%)£ 1963 (29.0) 137 (34.3) 841 (30.7) 985 (27.1) < 0.001

Hypertension, n (%)£ 1516 (22.4) 83 (20.8) 605 (22.1) 828 (22.7) 0.61

Cancer or malignancy, n (%)£ 878 (13.0) 49 (12.3) 346 (12.7) 483 (13.3) 0.71

Diabetes, n (%)£ 1122 (16.9) 72 (18.5) 508 (19.0) 542 (15.2) < 0.001

Cardiovascular disease history, n (%)£ 856 (12.6) 60 (15.0) 374 (13.7) 422 (11.6) 0.015

Cerebrovascular disease history, n (%)£ 413 (6.1) 32 (8.0) 190 (6.9) 191 (5.2) 0.004
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95% CI 0.62–0.95) and cardio-cerebrovascular mortality than Group 1 (aHR = 0.58, 95% CI 0.38–0.89). In the 
subgroup analysis, no significant difference was found in the age and gender subgroups (All the P for interac-
tions > 0.05). After excluding those who died within a year after the interview, regardless of all-cause or cardio-
cerebrovascular mortality, both Group 2 and Group 3 had significantly higher survival rate than Group 1 (For 
all-cause mortality: Group 2 vs Group 1, aHR = 0.75, 95% CI 0.60–0.94; Group 3 vs Group 1, aHR = 0.54, 95% 
CI 0.43–0.68; For cardio-cerebrovascular mortality: Group 2 vs Group 1, aHR = 0.59, 95% CI 0.37–0.95; Group 
3 vs Group 1, aHR = 0.42, 95% CI 0.26–0.68; Fig. 3). All in all, the improvement of social support for reducing 
the cardio-cerebrovascular mortality is better than that of all-cause mortality.

Finally, we assessed the association between the individual social support variables and mortality. The five 
components were all considered dichotomous variables. In the Cox regression analysis, more close friends (For 
all-cause mortality: aHR = 0.87, 95% CI 0.77–0.98; For cardio-cerebrovascular mortality: aHR = 0.76, 95% CI 
0.58–0.99) and married or living as married (For all-cause mortality: aHR = 0.75, 95% CI 0.67–0.85; For cardio-
cerebrovascular mortality: aHR = 0.70, 95% CI 0.53–0.91) were significantly related to the lower risk of all-cause 
and cardio-cerebrovascular mortality after full variable adjustment. Attending more religious services was also 

Table 2.   Cox multivariate proportional hazard ratios for all-cause and cardio-cerebrovascular mortality by 
social support score in different models. Bold characters mean a statistical significance. CI confidence interval, 
HR hazard ratios, Ref Reference. a Demographic variables for mortality included age, sex, body mass index 
(BMI), education level, and race. b Other covariates included smoking, diet condition, diabetes, cancer or 
malignancy history, cardiovascular disease history and cerebrovascular disease history.

Variable

All-cause mortality
Cardio-cerebrovascular 
mortality

HR 95%CI HR 95%CI

Model 1: Only social support score by itself

 Group 1(Social support score = 0–1) Ref Ref

 Group 2 (Social support score = 2–3) 0.82 0.67–1.01 0.69 0.45–1.05

 Group 3 (Social support score = 4–5) 0.56 0.46–0.7 0.43 0.28–0.66

Model 2: Additionally adjusted for demographicsa

 Group 1 (Social support score = 0–1) Ref Ref

 Group 2 (Social support score = 2–3) 0.83 0.67–1.02 0.69 0.45–1.06

 Group 3 (Social support score = 4–5) 0.56 0.45–0.69 0.43 0.28–0.66

Model 3: Additionally adjusted for demographics and other covariatesb (Full variable adjustment)

 Group 1 (Social support score = 0–1) Ref Ref

 Group 2 (Social support score = 2–3) 0.77 0.62–0.95 0.58 0.38–0.89

 Group 3 (Social support score = 4–5) 0.55 0.45–0.69 0.40 0.26–0.62

Model 3: Subgroup analyses: limit sample to:

Age P for interaction for all-cause and cardio-cerebrovascu-
lar mortality = 0.11 and 0.67

 Participants < 65 years

  Group 1 (Social support score = 0–1) Ref Ref

  Group 2 (Social support score = 2–3) 0.78 0.55–1.12 0.46 0.23–0.94

  Group 3 (Social support score = 4–5) 0.45 0.31–0.66 0.34 0.16–0.73

 Participants ≥ 65 years

  Group 1(Social support score = 0–1) Ref Ref

  Group 2 (Social support score = 2–3) 0.90 0.69–1.18 0.75 0.43–1.3

  Group 3 (Social support score = 4–5) 0.67 0.51–0.88 0.49 0.28–0.86

Gender P for interaction for all-cause and cardio-cerebrovascu-
lar mortality = 0.21 and 0.19

 Male

  Group 1 (Social support score = 0–1) Ref Ref

  Group 2 (Social support score = 2–3) 0.71 0.54–0.94 0.58 0.34–0.99

  Group 3 (Social support score = 4–5) 0.49 0.37–0.64 0.33 0.19–0.58

 Female

  Group 1 (Social support score = 0–1) Ref Ref

  Group 2 (Social support score = 2–3) 0.91 0.64–1.30 0.60 0.29–1.23

  Group 3 (Social support score = 4–5) 0.70 0.49–0.99 0.50 0.24–1.04

Participants who died > 1 year after the interview

 Group 1 (Social support score = 0–1) Ref Ref

 Group 2 (Social support score = 2–3) 0.75 0.60–0.94 0.59 0.37–0.95

 Group 3 (Social support score = 4–5) 0.54 0.43–0.68 0.42 0.26–0.68
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associated with all-cause mortality (aHR = 0.74, 95% CI 0.66–0.83) of statistical significance. As for emotional 
and financial support, a decreased risk of all cause as well as cardio-cerebrovascular mortality was also observed, 
but didn’t reach statistically significant (Table 3).

Discussion
Through the analysis of a large number of sample data from the nationally representative NHANES database, 
which has been followed up for a long time, it is found that all-cause mortality and cardio-cerebrovascular mor-
tality are negatively related to the higher levels of social support. Adequate social support can lead to a reduction 
in the risk of all-cause mortality by up to 45% and cardio-cerebrovascular mortality by 60%. As the impact of 
social support on health is a long-term process, we conducted further analysis by excluding patients who died 
within 1 year of data collection. Since these patients may have died from emergencies or major new diseases, 
the results still suggest that the lower risk of all-cause mortality as well as cardio-cerebrovascular mortality are 
related to the adequate social support. Our research conclusions comply with previous research24,25, while more 
variables are included to have a more comprehensive reflection of the level of social support. Then, the relation-
ship between each sub-variable that constitutes the total score of social support and the risk of death is further 
analyzed, thereby more comprehensively embodying the long-term potential effects of social support on death.

As in previous studies, the variables we selected included major aspects of perceived social support19. How-
ever, numerous confounding factors influence the impact of the social support level in predicting the mortality 
risk model, including demographic characteristics, lifestyle habits (such as smoking and diet), history of diabe-
tes, tumor, cardiovascular and cerebrovascular diseases19,24–26. Adjustment of potential confounding factors is 
also an important work to improve the quality of the model. When constructing this prediction model, we first 
compared the baseline data of the variables reported in previous research that may affect the results, and further 
adjusted the variables with statistical differences. Therefore, the results were relatively accurate, indicating that 
this model holds significant value in predicting mortality risk and can serve as a reference for future research 
in the field of social support.

From our research results, it indicates that the participation in religious activities more than 4 times per year 
can reduce the risk of all-cause mortality by 28%. This data may differ from the results of previous studies, in 
which the different period of the study may be the reason27,28. However, the research conclusions remain con-
sistent, affirming that active participation in religious activities contributes to the reduction of the risk of death. 
During the analysis, we checked potential confounding factors such as demographic data and the previous history 
of cardio-cerebrovascular diseases. Still, there may be mediators or confounding factors affecting the results, 
such as the timing of religious activities and individual self-discipline. In future research, it is essential to fully 
consider these aspects to further explore the causal relationship between participating in religious activities and 
physical health.

In accordance with our research results, it also indicates that the large number of friends and having part-
ners (married or living with partner) also have negative correlation with all-cause mortality as well as cardio-
cerebrovascular mortality, which comply with the conclusions of previous studies29,30. The social isolation of 
participants maybe increased by the lack of friends or partners. On the other hand, living alone may lead to a 
delay in obtaining acute care. Recently published meta-analyses have also confirmed that social isolation and 
loneliness can increase the risk of death31,32.

People who are socially isolated have more cumulative negative emotions or lack of emotional support, both 
of which are detrimental to cardiovascular health and increase the risk of death33,34. However, our statistical 
results do not reveal a connection between adequate emotional support and a lower risk of death. In fact, groups 
with sufficient emotional support exhibit a higher risk of all-cause mortality, although this difference is not 
statistically significant. The possible reason for this discrepancy is that the variable of emotional support relies 
on the subjective judgment of the subjects. Due to varying individual needs for emotional support, the results 
are likely affected. Previous studies also suggest that different sources of emotional support may lead to different 
results29,33. Due to the failure of the participants of this research to further clarify the source of emotional support, 
the conclusion may also be affected. In line with our research results, it suggests that adequate financial support 
does not have connection with the risk of all-cause mortality or cardio-cerebrovascular mortality, while it can’t 

Table 3.   Cox proportional hazard ratios for all-cause and cardio-cerebrovascular mortality by individual 
social support variables after full variable adjustment. CI confidence interval, HR hazard ratios. Full variable 
adjustment included age, sex, body mass index (BMI), education level, race, smoking, diet condition, diabetes, 
cancer or malignancy history, cardiovascular disease history and cerebrovascular disease history. Bold 
characters mean a statistical significance.

Individual social support variable

All-cause mortality
Cardio-cerebrovascular 
mortality

HR 95%CI P value HR 95%CI P value

Emotional support 0.97 0.84–1.26 0.77 0.88 0.58–1.34 0.56

Financial support 0.92 0.81–1.06 0.25 0.87 0.65–1.17 0.36

Attending religious services frequency ≥ 4/year 0.74 0.66–0.83 < 0.001 0.87 0.67–1.13 0.30

Number of close friends ≥ 4 0.87 0.77–0.98 0.02 0.76 0.58–0.99 0.049

Marital status 0.75 0.67–0.85 < 0.001 0.7 0.53–0.91 0.008
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be assumed that the two are unrelated. The adequate financial support can promote health by relieving mental 
stress and reduce the occurrence of adverse events such as death, which is supported by most previous studies35. 
However, the potential factors that affect the results can be reflected in individual’s demand for economic sup-
port and economic differences in different regions. The above factors cannot be considered by the subjects in 
this research, which may be the reasons for the acquisition of different conclusions. In the future research, the 
full consideration should be given to draw more accurate conclusions.

Our statistical results indicate a negative correlation between the level of social support and all-cause mortal-
ity as well as cardio-cerebrovascular mortality. Based on this result, we divided the level of social support into 
three groups, which was also similar to the previous research methods19. Following the grouping, the results 
further demonstrated that a low social support level was associated with a high risk of all-cause mortality and 
cardio-cerebrovascular mortality. Moreover, with the increase in social support level, the hazard ratio (HR) value 
decreased simultaneously. Among these findings, the median level of social support revealed a gender difference 
in predicting the risk of all-cause mortality: the reduction in all-cause mortality risk was statistically significant 
only for men. Studies have indicated that women tend to provide more social support and are more susceptible 
to adverse events such as depression, myocardial ischemia, and even sudden death when lacking social support 
or experiencing shock36,37. These aspects reflect women’s high need for social support, which could explain why 
the gender difference above disappeared in the group with high level of social support. These findings may also 
help understand how to improve quality of life from a social support perspective, but more research is needed 
to explore why social support affects mortality risk.

The advantage of this research lies in the large number of samples, with a nationally representative population 
and an extended follow-up time. The level of social support obtained by the subjects is comprehensively consid-
ered from multiple perspectives, and subgroup analysis for potential impactful factors is conducted (excluding 
individuals who died within 1 year). Moreover, efforts are made to correct potential confounding factors as much 
as possible, leading to reliable conclusions. However, limitations do exist. The data for this research spans from 
2005 to 2008, introducing a potential discrepancy with the current situation. Additionally, data acquisition relies 
partly on questionnaires, which are highly subjective and may potentially influence the conclusions. Nevertheless, 
numerous previous studies have validated the validity and rationality of this questionnaire, ensuring the strong 
credibility of our research results. The assessment is solely made for the baseline social support situation, lacking 
dynamic tracking—a notable drawback of the NHANES database. Some variables that could introduce bias to 
the study results, such as alcohol intake, hyperlipidemia, cognitive impairment, and physical activity, couldn’t be 
analyzed due to a large number of missing values, representing a shortcoming of this study. However, we adjusted 
all complete and essential covariates as thoroughly as possible to minimize bias in the study results. Lastly, the 
results obtained using the NHANES database may not be applicable to other countries or regions. The future 
development of a prospective study to continuously evaluate social support or explore the relationship between 
changes in social support and adverse events is deemed necessary.

Conclusion
Adequate social support is beneficial for reducing the risk of all-cause mortality and cardio-cerebrovascular 
mortality, especially in terms of attending religious services frequency, the number of close friends, and marital 
status. Furthermore, conducting a prospective study to continuously evaluate the situation of social support or 
explore the relationship between changes in social support and adverse events is still necessary in the future.

Data availability
All the details of enrollment, procedures, and other data for NHANES can be acquired by visiting https://​www.​
cdc.​gov/​nchs/​nhanes/​index.​htm.

Received: 2 December 2023; Accepted: 19 February 2024

References
	 1.	 Thoits, P. A. Mechanisms linking social ties and support to physical and mental health. J. Health Soc. Behav. 52, 145–161 (2011).
	 2.	 Uchino, B. N. Social support and health: A review of physiological processes potentially underlying links to disease outcomes. J. 

Behav. Med. 29, 377–387 (2006).
	 3.	 Teoh, A. N. & Hilmert, C. Social support as a comfort or an encouragement: A systematic review on the contrasting effects of 

social support on cardiovascular reactivity. Br. J. Health Psychol. 23, 1040–1065 (2018).
	 4.	 Nicklett, E. J. et al. Diet quality and social support: Factors associated with serum carotenoid concentrations among older disabled 

women (the Women’s Health and Aging Study). J. Nutr. Health Aging 16, 511–518 (2012).
	 5.	 Lindsay Smith, G., Banting, L., Eime, R., O’Sullivan, G. & van Uffelen, J. G. Z. The association between social support and physical 

activity in older adults: A systematic review. Int. J. Behav. Nutr. Phys. Act 14, 56 (2017).
	 6.	 Bai, Y., Bian, F., Zhang, L. & Cao, Y. The impact of social support on the health of the rural elderly in China. Int. J. Environ. Res. 

Public Health 17, 2004 (2020).
	 7.	 Albus, C. Psychological and social factors in coronary heart disease. Ann. Med. 42, 487–494 (2010).
	 8.	 Liu, L., Gou, Z. & Zuo, J. Social support mediates loneliness and depression in elderly people. J. Health Psychol. 21, 750–758 (2016).
	 9.	 James, B. D., Wilson, R. S., Barnes, L. L. & Bennett, D. A. Late-life social activity and cognitive decline in old age. J. Int. Neuropsychol. 

Soc. 17, 998–1005 (2011).
	10.	 Hajek, A. et al. Social support and functional decline in the oldest old. Gerontology 68, 200–208 (2022).
	11.	 Uzuki, T. et al. Relationship between social support status and mortality in a community-based population: A prospective obser-

vational study (Yamagata study). BMC Public Health 20, 1630 (2020).
	12.	 Suchy-Dicey, A. et al. Psychological and social support associations with mortality and cardiovascular disease in middle-aged 

American Indians: The Strong Heart Study. Soc. Psychiatry Psychiatr. Epidemiol. 57, 1421–1433 (2022).

https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm


10

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4758  | https://doi.org/10.1038/s41598-024-55012-w

www.nature.com/scientificreports/

	13.	 de Brito, T. R. P., Nunes, D. P., Corona, L. P., da Silva Alexandre, T. & de Oliveira Duarte, Y. A. Low supply of social support as risk 
factor for mortality in the older adults. Arch. Gerontol. Geriatr. 73, 77–81 (2017).

	14.	 Freak-Poli, R. et al. Social isolation, social support and loneliness as predictors of cardiovascular disease incidence and mortality. 
BMC Geriatr. 21, 711 (2021).

	15.	 Uhing, A., Williams, J. S., Garacci, E. & Egede, L. E. Gender differences in the relationship between social support and strain and 
mortality among a national sample of adults. J. Behav. Med. 44, 673–681 (2021).

	16.	 Barger, S. D. Social integration, social support and mortality in the US National Health Interview Survey. Psychosom. Med. 75, 
510–517 (2013).

	17.	 Tan, J. & Wang, Y. Social integration, social support, and all-cause, cardiovascular disease and cause-specific mortality: A prospec-
tive cohort study. Int. J. Environ. Res. Public Health 16, 1498 (2019).

	18.	 Pieroth, R., RigassioRadler, D., Guenther, P. M., Brewster, P. J. & Marcus, A. The relationship between social support and diet 
quality in middle-aged and older adults in the United States. J. Acad. Nutr. Diet 117, 1272–1278 (2017).

	19.	 Rees, C. A., Karter, A. J. & Young, B. A. Race/ethnicity, social support, and associations with diabetes self-care and clinical outcomes 
in NHANES. Diabetes Educ. 36, 435–445 (2010).

	20.	 Ford, E. S., Loucks, E. B. & Berkman, L. F. Social integration and concentrations of C-reactive protein among US adults. Ann. 
Epidemiol. 16, 78–84 (2006).

	21.	 Curtin, L. R. et al. The national health and nutrition examination survey: Sample design, 1999–2006. Vital Health Stat. 2, 1–39 
(2012).

	22.	 Johnson, C. L., Dohrmann, S. M., Burt, V. L. & Mohadjer, L. K. National health and nutrition examination survey: Sample design, 
2011–2014. Vital Health Stat. 2, 1–33 (2014).

	23.	 Rehm, C. D., Peñalvo, J. L., Afshin, A. & Mozaffarian, D. Dietary intake among US adults, 1999–2012. JAMA 315, 2542–2553 
(2016).

	24.	 Gronewold, J. et al. Association of social relationships with incident cardiovascular events and all-cause mortality. Heart 106, 
1317–1323 (2020).

	25.	 Ma, L., Sun, F. & Tang, Z. Social frailty is associated with physical functioning, cognition, and depression, and predicts mortality. 
J. Nutr. Health Aging 22, 989–995 (2018).

	26.	 Weschenfelder, C. et al. Absolute and Relative Agreement between the Current and Modified Brazilian Cardioprotective Nutritional 
Program Dietary Index (BALANCE DI) and the American Heart Association Healthy Diet Score (AHA-DS) in Post Myocardial 
Infarction Patients. Nutrients 14, 1378 (2022).

	27.	 Kim, E. S. & VanderWeele, T. J. Mediators of the association between religious service attendance and mortality. Am. J. Epidemiol. 
188, 96–101 (2019).

	28.	 Li, S., Stampfer, M. J., Williams, D. R. & VanderWeele, T. J. Association of religious service attendance with mortality among 
women. JAMA Intern. Med. 176, 777–785 (2016).

	29.	 Becofsky, K. M. et al. Influence of the Source of social support and size of social network on all-cause mortality. Mayo Clin. Proc. 
90, 895–902 (2015).

	30.	 Denney, J. T. & Boardman, J. D. Hearing impairment, household composition, marital status, and mortality among U.S. adults. J. 
Gerontol. B Psychol. Sci. Soc. Sci. 76, 201–208 (2021).

	31.	 Long, R. M. et al. Loneliness, social isolation, and living alone associations with mortality risk in individuals living with cardio-
vascular disease: A systematic review, meta-analysis, and meta-regression. Psychosom. Med. 85, 8–17 (2023).

	32.	 Naito, R. et al. Social isolation as a risk factor for all-cause mortality: Systematic review and meta-analysis of cohort studies. PLoS 
ONE 18, e0280308 (2023).

	33.	 Besharat, M. A. & Ramesh, S. The relationship between worry and anger rumination with adjustment problems to heart disease: 
The mediating role of difficulties in emotion regulation. Heart Mind 1, 141–148 (2017).

	34.	 Shaw, R. J. et al. Living alone, loneliness and lack of emotional support as predictors of suicide and self-harm: A nine-year follow 
up of the UK Biobank cohort. J. Affect. Disord. 279, 316–323 (2021).

	35.	 Moran, K. E., Ommerborn, M. J., Blackshear, C. T., Sims, M. & Clark, C. R. Financial stress and risk of coronary heart disease in 
the Jackson heart study. Am. J. Prev. Med. 56, 224–231 (2019).

	36.	 Taylor, S. E. et al. Biobehavioral responses to stress in females: Tend-and-befriend, not fight-or-flight. Psychol. Rev. 107, 411–429 
(2000).

	37.	 Kristofferzon, M.-L., Löfmark, R. & Carlsson, M. Myocardial infarction: Gender differences in coping and social support. J. Adv. 
Nurs. 44, 360–374 (2003).

Acknowledgements
We thank all the efforts made by the staff of the NCHS at the CDC for making the NHANES database publicly 
available online and all the participants in this study.

Author contributions
C.Y. and B.L. designed the study and wrote the protocol. Y.W. and J.J. managed the literature searches and analy-
ses. W.Y. and H.F. undertook the statistical analysis and wrote the first draft of the manuscript. Y.X. and M.Y. 
revised the paper critically for important intellectual content. All authors contributed to and have approved the 
final manuscript. All authors declare that they have no conflicts of interest.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​024-​55012-w.

Correspondence and requests for materials should be addressed to C.-Y.G. or B.L.

Reprints and permissions information is available at www.nature.com/reprints.

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

https://doi.org/10.1038/s41598-024-55012-w
https://doi.org/10.1038/s41598-024-55012-w
www.nature.com/reprints


11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4758  | https://doi.org/10.1038/s41598-024-55012-w

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by/4.0/

	The protective effect of social support on all-cause and cardio-cerebrovascular mortality among middle-aged and older adults in the US
	Methods
	Study design and study population
	Ethical approval and informed consent
	Social support assessment
	Covariates
	Mortality data
	Statistical analyses
	Ethical standards

	Results
	Baseline characteristics
	Main results

	Discussion
	Conclusion
	References
	Acknowledgements


