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Abstract

Background: Stroke is the predominant cause of death worldwide. We aimed to investigate the association of serum beta-2 microglobulin
(82M) concentrations with risk of stroke and all-cause mortalities in a cohort study. Methods: Overall, 4914 U.S. adults (mean age =
63.0 years, 44.3% male) were recruited from the National Health and Nutrition Examination Survey (NHANES III). During a median
follow-up of 19.4 years, 254 stroke deaths and 3415 all-cause deaths were identified by the National Center for Health Statistics. The
associations of 52M with stroke and all-cause mortalities were investigated by using weighted Cox proportional hazard regression models.
Results: 52M was positively associated with stroke and all-cause mortality in unadjusted models and multivariable-adjusted models.
The multivariable HR (95% CI) for stroke mortality in Q5 VS Q1 of serum $2M concentrations was 3.45 (1.33-8.91; p for trend =
0.001) and that for all-cause mortality was 3.95 (3.05-5.12; p for trend < 0.001). In subgroup analyses, the association of 52M and
stroke mortality did not vary by different levels of sociodemographic and general stroke risk factors (p interaction > 0.05). In addition, the
magnitude of positive association between 52M with all-cause mortality did vary by age, ratio of family income to poverty, smoking
status, and history of hypertensive (p interaction < 0.05). Conclusions: Our findings suggest that support that 52M may be a marker of
stroke and all-cause mortality, which provides a new perspective for the study of cerebrovascular health and long-term survival in the

future.
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1. Introduction

Stroke, a leading cause of morbidity and mortality
worldwide, is the third most common cause of death in most
Western countries, after coronary heart disease and cancer
[1]. New research shows that the incidence of stroke is
increasing. One in four people in the world has experi-
enced a stroke in their lifetime. It is also a major cause
of disability worldwide, with 50 per cent of survivors suf-
fering from chronic disability [2]. In a county-level study,
stroke mortality among adults aged 35 to 64 in the United
States increased from 14.7/100,000 in 2010 to 15.4/100,000
in 2016 [3]. At present, many researchers have explored
the death factors of stroke, the retrospective study of Wa a
kowicz shows that hypertension, smoking, coronary heart
disease and previous stroke history are risk factors leading
to death of patients with acute stroke [4]. Given the high in-
cidence, disability, and mortality rates, and the high finan-
cial burden of stroke [5-7], there is great interest in find-
ing novel markers that identify individuals at higher risk of

stroke. One potential risk marker may be beta-2 microglob-
ulin (52M). 52M, a non-glycosylated protein that exists in
each nucleus, which forms major histocompatibility com-
plex (MHC) class I molecules on the cell surface [8].

Serum [2M levels elevate with systemic inflam-
mation and deteriorated glomerular filtration rate (GFR),
prompting S2M as a marker of renal disease and kidney
function [9]. (2M is closely associated to the incidence
and death of a variety of diseases, including cardiovascu-
lar (CVD) [10], Chronic Obstructive Pulmonary Disease
(COPD) [11], chronic kidney disease (CKD) [9], diabetes
[12], cancer [13] and hemodialysis mortality [14]. To fur-
ther explore the role of 52M in overall health, several pre-
vious epidemiological studies showed the associations be-
tween 82M and all-cause and cause-specific mortality, and
found higher 52M was significantly associated with higher
risk of sudden cardiac death (SCD), end-stage renal dis-
ease (ESRD), and infectious mortality [15—17]. In addition,
blood disease is one of the uncommon causes of cerebrovas-
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cular diseases such as acute stroke. The detection of hema-
tological markers will help correct diagnosis of stroke. The
positive correlation between 32M and acute stroke in this
unusual cause is still lacking [18]. Some studies showed the
association between $2M with CVD mortality [16,19,20]
and stroke incidence [21,22], however, no study further
reported the association between 32M and specific stroke
mortality. The evidence to determine the relationship be-
tween $2M and stroke mortality is still limited, and no
prior study has specifically evaluated the prognostic value
of 42M in adults aged >40 in U.S.

In this study, we aimed to examine the associations
of 52M with stroke and all-cause mortality, using over 20
years of follow-up in the National Health and Nutrition
Examination Survey III (NHANES III). Subgroup analy-
ses were carried out, considering potentially traditional risk
factors associated with stroke, including age, sex, ratio of
family income to poverty, BMI, alcohol, smoking, history
of hypertension, and history of diabetes [23,24].

2. Methods
2.1 NHANES 111

The Third National Health and Nutrition Examination
Survey (NHANES II1) is a large-scale, multistage, ongoing,
nationwide probability sampling survey by National Cen-
ter for Health Statistics (NCHS) during the period 1988—
1994. NHANES III is a two-stage, six-year comprehensive
survey, overall survey response rate of participants (78%)
has been described in previous studies [25,26]. All base-
line data are available at https://wwwn.cdc.gov/nchs/nhan
es/nhanes3/default.aspx.

2.2 Study Population

In NHANES III, blood samples from 7807 partici-
pants were measured for 52M content. In this study, we
performed a prospective cohort of 52M levels with risk
of stroke and all-cause mortality in the U.S. adult popula-
tion. Participants of this study had not a history of stroke
at baseline and had mortality follow-up information includ-
ing underlying cause of death. Considering the onset age of
stroke, we excluded those aged <40 years (n = 1083). We
further excluded participants who had missing information
on #2M (n = 670) and baseline characteristics (n = 814), or
if self-reported heart failure or stroke onset (n = 456). The
final analytic cohort consisted of 4914 participants. All par-
ticipants provided written informed consent. The NHANES
was approved by the NCHS Ethics Review Board.

2.3 Exposure Measurement and Outcome Assessment

In 2009, beta-2 microglobulin (52M) levels were mea-
sured from stored surplus serum samples of NHANES III
participants in the University of Minnesota, stored at—70 °C
until the time of 2M measurement and was assayed using
the N Latex 52 microglobulin assay, Siemens Diagnostics,
and IL. The inter-assay coefficient of variation for the 52M

assay was 2.7% (mean 1.757 mg/L) when /32M concentra-
tions ranged from 0.253 to 61.700 mg/L. Given the possible
nonlinear relationship of S2M levels with mortality rates,
participants were divided into the following five categories
based on quintiles of serum 82M levels: <1.73 (reference
group), 1.73 to 2.00, 2.01 to 2.33, 2.34 to 2.90, and >2.91
mg/L. Stroke mortality includes deaths caused by ischemic
stroke and hemorrhagic stroke, but there is no clear distinc-
tion between stroke in the data of NHANES III. Participants
were asked if and when they had a stroke. For example,
participants were asked: “Have doctors or other health pro-
fessionals ever told you about a stroke?”. All causes mor-
tality included stroke (codes 160-169), heart disease (codes
100-109, 111, 113, and 120-151), cancer (codes C00—C97),
and other causes (codes C98—C99). The causes of death
were classified according to the codes of ICD-10 (Interna-
tional Statistical Classification of Diseases, 10th Edition)
[27,28]. NHANES participants were linked to the National
Death Index through a probabilistic matching algorithm to
determine mortality status and special causes of death as of
December 31, 2015.

2.4 Covariates

Information on sociodemographic characteristics and
potential biochemical factors was collected at baseline (n
=4914), including age (we categorized into <60 and >60
years), sex (male and female), race/ethnicity (non-Hispanic
white, non-Hispanic black, Mexican American, and Other),
marital status (married, widowed, divorced, and single), ra-
tio of family income to poverty (we categorized into <1.58,
1.58-4.09, and >4.09), alcohol (we categorized into never
drinker, moderate drinker, and heavy drinker), smoking (we
categorized into never smoker, former smoker, and current
smoker). At baseline, body mass index (BMI) was cal-
culated by the formula: BMI = weight/height x height.
Glycated hemoglobin (%), serum creatinine (mg/dL),
low-density lipoprotein (LDL)-cholesterol (mg/dL), high-
density lipoprotein (HDL)-cholesterol (mg/dL), c-reactive
protein (mg/dL) were performed by the Laboratory at the
University of Missouri and the University of Minnesota.
GFR was estimated using the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) 2009 creatinine equa-
tion [29]. Histories of hypertension and diabetes were
recorded by participants’ self-reports.

2.5 Statistical Analysis

Trends of population characteristics across quintiles of
B2M were examined by using Anova for continuous vari-
ables, or Chi-square tests for categorical variables. The
hazard ratios and 95% confidence intervals between 52M
with stroke and all-cause mortality were investigated by us-
ing weighted Cox proportional hazards regression, model
1: adjusted for age, sex, race/ethnicity, and marital status;
model 2: model 1 + ratio of family income to poverty,
BMI, alcohol, and smoking; model 3: model 2 + gly-
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cated hemoglobin (%), serum creatinine (mg/dL), LDL-
cholesterol (mg/dL), HDL-cholesterol (mg/dL), c-reactive
protein(mg/dL), GFR, history of hypertension and history
of diabetes.

In addition, subgroup analyses were completed to as-
sess the heterogeneity in the associations of 52M with risk
of stroke and all-cause mortality and tested for interaction
p value for age groups (<60 and >60 years), sex (male
and female), ratio of family income to poverty (<1.58,
and >1.58), BMI (<25, 25-29.9, and >30 kg/m?), alcohol
(current drinker and non-current drinker), smoking (current
smoker and non-current smoker), history of hypertension
(no and yes), and history of diabetes (no and yes).

To further test the robustness and potential variations
of associations of 52M with stroke and all-cause mortal-
ity, we conducted several sensitivity analyses. First, we
repeated all analyses by excluding deaths during the first
two years of follow-up to reduce potential reverse causa-
tion. Second, we excluded individuals with chronic kid-
ney disease, diabetes, or hypertension, because both 52M
and stroke events could be influenced by major chronic
diseases. Finally, we estimated the association between
B2M levels and risk of stroke among those with GFR >60
mL-min~'-1.73 m~2, the cutoff for abnormal renal func-
tion/chronic kidney disease. All analyses were conducted
using the SAS software version 9.4 (SAS Institute, Cary,
NC, USA) and GraphPad Prism 8 software (GraphPad Soft-
ware, San Diego, CA, USA). Two-sided p values < 0.05
were considered statistically significant.

3. Results
3.1 Population Characteristics

Through sample selection, 4914 patients were finally
included in the study (Fig. 1). Table 1 shows baseline char-
acteristics of participants (mean age = 63.0 years, 44.3%
male), by quintiles of serum 52M levels. At baseline, par-
ticipants with higher 52M were more likely to be females,
older individuals (>60 years), drinkers, smokers, or indi-
viduals with hypertension and diabetes. They were less
likely to be Mexican American, non-married, obese, or with
low glycated hemoglobin (%), low serum creatinine, and
low c-reactive protein level. Moreover, they were more
likely to have lower LDL-cholesterol, HDL-cholesterol,
and GFR. The Spearman correlations of §2M with age,
BMI, and a range of biochemical factors are shown in Ta-
ble 2.

3.2 Stroke Mortality

Table 3 showed that participants with high 52M lev-
els were at higher risk of stroke mortality in unadjusted
model (Q5 VS QI1; HR 6.83, 95% CI 3.10-15.04, p for
trend < 0.001). After multivariable adjustment, 52M was
still statistically significant associated with stroke mortality
in differently adjusted model (Q5 VS Q1: HR 3.57 in the
model 1; HR 3.50 in the model 2; HR 3.45 in the model 3).
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Fig. 1. Flowchart of the study.

Another, a linear dose—response association was observed
between 52M levels and risk of stroke mortality (Fig. 2).
Stroke mortality risk increased monotonically with S2M
modeled continuously, with no indication of a threshold.

HR (95% CI) of Stroke Mortality

HR  ====- 95% CI

Fig. 2. Dose-response relationship between 52M concentra-
tion and stroke mortality. The solid line and dashed line repre-

sent the HRs and their 95% confidence intervals.

As shown in Fig. 3, participants with the highest 52M
relative to their lower $2M had much steeper declines in
survival over more than 20 years of follow-up. Among par-
ticipants with the highest 52M at baseline, about 10% for
stroke patients had died after 25 years of follow-up. As for
the lowest 52M, about only 5% for stroke patients had died.
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Table 1. Baseline demographic characteristics of the study population, according to quartiles of 52M.

82M
Characteristics Q1 Q2 Q3 Q4 Q5 p value
<1.73 1.73-2.00 2.01-2.33 2.34-2.90 >2.91
Total, N 956 976 996 999 987
Age
<60 64.6 40.2 24.5 12.6 9.1 <0.001
>60 354 59.8 75.5 87.4 90.9
Sex
Male 457 46.1 43.5 452 39.8 <0.001
Female 54.3 53.9 56.5 54.8 60.2
Race/ethnicity
Non-Hispanic white 74.9 83.1 84.3 85.2 85.2 <0.001
Non-Hispanic black 12.4 8.6 7.8 6.9 8.7
Mexican American 4.3 2.8 2.8 2.2 1.9
Other 8.4 5.5 5.1 5.6 4.2
Marital status
Married 76.3 73.6 65.8 65.2 554 <0.001
Widowed 7.2 14.3 18.2 23.6 33.8
Divorced 10.9 6.5 8.8 6.2 5.3
Single 5.6 5.6 7.2 5.0 5.5
Ratio of family income to poverty
<1.58 23.0 233 32.8 31.2 43.6 <0.001
1.58-4.09 452 43.7 44.8 452 40.1
>4.09 31.8 33.0 223 23.6 16.2
BMI, kg/m?
Normal (<25.0) 443 37.0 33.3 28.5 37.0 <0.001
Over weight (25.0-29.9) 36.2 41.8 39.2 40.7 31.9
Obese (>30.0) 19.5 21.2 27.5 30.8 31.1
Alcohol
Never drinker 44.0 51.9 58.4 64.1 68.1 <0.001
Moderate drinker 31.0 28.3 20.4 18.3 13.6
Heavy drinker 24.9 19.4 19.8 15.8 15.2
Missing 0.1 0.4 1.4 1.8 3.1
Smoking
Never smoker 43.6 42.1 44.5 43.5 44.6 <0.001
Former smoker 32.6 35.8 36.6 43.4 38.8
Current smoker 23.8 22.1 18.9 13.1 16.6
Glycated hemoglobin (%) 5.53 + 0.04 5.64 +0.03 5.62 + 0.03 5.77 + 0.03 5.89 + 0.04 0.030
Serum Creatinine (mg/dL) 1.01 + 0.01 1.06 + 0.01 1.11 £ 0.01 1.16 £ 0.01 1.42 £ 0.02 <0.001
LDL-cholesterol (mg/dL) 159.02 +3.46 15036 £ 1.66 15895 £3.01 15494 +£2.62 153.38 +2.50 0.444
HDL-cholesterol (mg/dL) 5431 £ 0.54 52.13 £0.51 51.89 +0.52 48.03 + 0.46 48.36 + 0.49 <0.001
C-reactive protein (mg/dL) 0.35 £ 0.01 0.37 £ 0.02 0.46 £+ 0.02 0.50 £ 0.02 0.90 + 0.04 <0.001
GFR 117.53 £0.96 106.51 £ 0.83  99.02 £+ 0.86 90.20 £+ 0.72 75.29 £ 0.97 <0.001
History of hypertension 25.8 30.9 342 46.2 58.4 <0.001
History of diabetes 5.4 7.4 7.5 9.7 15.7 <0.001

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); 32M, 32-microglobulin; GFR,

glomerular filtration rate.

Values are weighted mean + SE for continuous variables or weighted % for categorical variables.

3.3 All-Cause Mortality

For all-cause mortality, the similar association was ob-
served with 52M. In unadjusted model, 52M was strongly

associated with all-cause mortality (Q5 VS Q1; HR 8.05,
95% CI 6.42-10.10, p for trend < 0.001). 52M was posi-
tively associated with higher all-cause mortality in the age-
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Fig. 3. Adjusted survival curves for stroke and all-cause mortality by quartile.

Table 2. Spearman correlations between 52M and other

factors.
Factors B2M  pvalue
Age 0.537  <0.001
BMI -0.004 0.767
C-reactive protein 0.187  <0.001
LDL-cholesterol -0.022 0.115
HDL-cholesterol -0.126  <0.001
Glycated hemoglobin ~ 0.098  <0.001
Serum Creatinine 0.436  <0.001
eGFR -0.515 <0.001

, sex-, race/ethnicity-, and marital status-adjusted model 1
(Q5 VS Q1; HR 4.37, 95% CI 3.47-5.49; p for trend <
0.001). The positive association remained significant af-
ter further adjusting for other sociodemographic character-
istics and chronic disease (Q5 VS QI; HR 4.17, 95% CI
3.33-5.21 inthe model 2; HR 3.95, 95% CI1 3.05-5.12 in the
model 3). Also, a linear dose—response association was ob-
served between $2M levels and risk of all-cause mortality
(Fig. 4). Mortality risk increased monotonically with 52M
modeled continuously, with no indication of a threshold.

As shown in Fig. 3, similar to stroke mortality, partici-
pants with the highest 52M relative to their lower 52M had
much steeper declines in survival over more than 20 years
of follow-up. Among participants with the highest 52M at
baseline, about 90% for all-cause mortality had died after
25 years of follow-up. As for the lowest 52M, about 70%
for all-cause mortality had died.

3.4 Subgroup Analyses

In the subgroup analyses (Fig. 5), the positive asso-
ciation between concentrations of 32M and stroke mortal-
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Fig. 4. Dose-response relationship between 52M concentra-
tion and all-cause mortality. The solid line and dashed line rep-
resent the HRs and their 95% confidence intervals.

ity was consistent among all participants and all subgroups,
and there was no significant difference by varying strata of
risk factors for stroke mortality (p interaction > 0.05). For all-
cause mortality, although the association between 52M and
all-cause mortality persisted in all the subgroups, the pos-
itive associations were stronger among age <60 years (p
interaction = 0.010), ratio of family income to poverty >1.58
(p interaction — 0036), current smokers (p interaction — 0001),
non-hypertensive participants (p interaction = 0.001).
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Table 3. The association of 52M with stroke and all-cause mortality.

B2M
Q1 Q2 Q3 Q4 Q5 p for trend
<1.73 1.73-2.00 2.01-2.33 2.34-2.90 >2.91
Stroke mortality
Deaths, No. (%) 28 (2.4) 46 (3.0) 43 (3.0) 63 (7.0) 74 (6.1)
Deaths/person-years 396/19076 648/17460 489/15964 603/12821 577/8633
Unadjusted 1 [Reference]  1.43(0.69,2.98) 1.65(0.80,3.40) 4.98(2.34,10.60) 6.83 (3.10, 15.04) <0.001
Model 1 1 [Reference] 1.07 (0.52,2.21) 1.05(0.51,2.18)  2.92(1.28, 6.70) 3.57(1.70, 7.49) <0.001
Model 2 I [Reference]  1.08 (0.53,2.21) 1.05(0.49,2.24)  2.95(1.27, 6.88) 3.51(1.58,7.78) <0.001
Model 3 1 [Reference]  1.06(0.50,2.26) 1.08 (0.48,2.44)  3.03 (1.18,7.75) 3.46 (1.34, 8.95) 0.001
All-cause mortality
Deaths, No. (%) 385(32.5) 560 (50.6) 698 (65.1) 842 (82.5) 930 (91.6)
Deaths/person-years ~ 5622/19076 7688/17460 9013/15964 9193/12821 7357/8633
Unadjusted 1 [Reference] 1.80(1.49,2.18) 2.70(2.32,3.14) 4.42(2.57,547)  8.05(6.42,10.10) <0.001
Model 1 I [Reference]  1.33(1.11,1.60) 1.66 (1.42,1.95)  2.52(2.11,3.01) 4.37(3.47,5.49) <0.001
Model 2 1 [Reference] 1.36(1.14,1.63) 1.65(1.43,1.91) 2.56(2.15,3.04)  4.18(3.33,5.26) <0.001
Model 3 I [Reference] 1.36(1.14,1.62) 1.69(1.45,1.97) 2.60(2.17,3.11) 3.96 (3.04,5.17) <0.001

1. Percentages and mortality rates were estimated using U.S. population weights.

2. Values are n or weighted hazard ratio (95% confidence interval).

Model 1: adjusted for age, sex, race/ethnicity, and marital status.

Model 2: model 1 + Ratio of family income to poverty, BMI, alcohol, smoking.
Model 3: model 2 + Glycated hemoglobin (%), Serum Creatinine (mg/dL), LDL-cholesterol (mg/dL), HDL-cholesterol (mg/dL), C-reactive
protein (mg/dL), GFR, history of hypertension and history of diabetes.

Stroke mortality
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Fig. 5. Subgroup analysis of the association of 52M with stroke and all-cause mortality.
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3.5 Sensitivity Analyses

First, we observed similar associations when we ex-
cluded deaths during the first two years of follow-up
(Supplementary Table 1). Second, there was no signifi-
cant difference in the association 32M with stroke and all-
cause mortality when we excluded participants with his-
tories of chronic kidney disease, diabetes or hypertension
disease (Supplementary Table 2). Furthermore, we also
found unchanged associations when we excluded those with
GFR <60 mL/min/1.73 m?, the cutoff for abnormal renal
function/chronic kidney disease (Supplementary Table 3).

4. Discussion

This study comprehensively showed that serum 52M
concentrations were associated with stroke and all-cause
mortality in 4917 U.S. adults aged 40 years or more dur-
ing a median follow-up of 19.4 years. Also, the association
between serum S2M concentrations and stroke mortality
was independent of sociodemographic and general stroke
risk factors. The risk estimates for the positive association
between serum S2M concentrations and all-cause mortal-
ity varied the participants’ age, ratio of family income to
poverty, smoking status, and history of hypertension.

According to the previous literature, some studies had
demonstrated the association between 52M with CVD mor-
tality [10] and stroke incidence [20-22]; nevertheless, the
association between serum $2M and specific stroke mortal-
ity had not been investigated. 52M may be a marker of sub-
clinical renal dysfunction and small vessel disease, and is
associated with incident peripheral artery disease and sever-
ity of peripheral artery disease [9-14]. 32M levels was ele-
vated with systemic inflammation, due to systemic inflam-
mation, and exacerbated by in-hospital infections, can in-
crease morbidity and mortality in stroke patients [30,31],
suggesting that inflammation may explain some, but not
all, of the association between S2M and stroke risk. Fur-
thermore, previous studies indicated that higher 52M lev-
els were associated with 1.3-2 times increased risk of stroke
incidence compared with lower 52M levels [22,32]. In the
Risk for Cardiovascular Events Study of 1005 male and fe-
male, median follow-up of 3 years, 32M levels (Q4: >2.59
VS Q1: <1.49 mg/L) was positively associated with an
increased risk of stroke, adjusted HR (95% CI) was 1.62
(1.16-2.67) [32]. For the risk of ischemic stroke among
946 women in the Nurses’ Health Study [22], women in the
highest quartile (>2.59 mg/L) of 52M had a statistically
significant increase in the odds of developing an ischemic
stroke (OR 1.71, 95% CI 1.14-2.56) compared to those in
the lowest quartile (<1.49 mg/L) after adjustment for tra-
ditional stroke risk factors. In the Atherosclerosis Risk in
Community Study of 8622 men and women, with a median
follow-up of 11.9 years [20], 82M levels were associated
with significantly increased risk of total stroke in both those
with and without chronic kidney disease. The Multivariable
HR (95% CI) was 1.16 (1.04—1.30) in those with chronic
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kidney disease and was 1.30 (1.13—1.49) in those without.
This suggests that even among those with “normal” kidney
function as indicated by creatinine-based GFR, 32M levels
may predict the risk of stroke. However, in this study, we
explored the association between $2M and stroke mortal-
ity, and expand on previously prior findings from stroke in-
cidence to stroke mortality by demonstrating that baseline
B2M levels were associated with risk of stroke mortality,
during a median follow-up of 19.4 years. The HR (95%
CI) associated with Q5 compared to Q1 of serum S2M was
3.46 (1.34, 8.95).

This study indicated that higher 52M concentrations
were positively associated with all-cause mortality. Pre-
vious studies have also indicated that the 52M was pos-
itively associated with all-cause mortality in participants
with chronic kidney disease , HR and 95% CI: 2.52 (1.89,
3.36) [9], chronic obstructive lung disease, HR and 95% CI:
1.09 (1.05, 1.14) [10], diabetes, HR and 95% CI: 7.35 (1.01,
53.38) [33], cancer, HR and 95% CI: 1.25 (1.06-1.47) [34],
hemodialysis mortality, HR and 95% CI: 1.09 (1.05-1.14)
[35], and CVD, RR and 95% CI: 2.29 (1.51-3.49) [36].
Circulating 52M is a potential biomarker that reflects the
oxidative stress, or dialysate contamination, that involved
in mucosal immunity, tumor monitoring, immunoglobulin
and albumin homeostasis [37]. In addition, the increase
of B2M was also closely related to the inflammatory re-
sponse and the decrease of glomerular filtration rate (GFR)
[9,10,38,39]. In addition, other studies also show that a
wide range of inflammatory risk factors increase the risk of
all-cause mortality [40,41]. The present study found signif-
icant associations between higher 52M levels and increased
risks of all-cause mortality even after adjustment for inflam-
matory markers (e.g., serum creatinine, c-reactive protein,
and GFR), which is generally consistent with the results of
previous studies [8,42].

In subgroup analyses, the association of $2M and
stroke mortality was independent of sociodemographic and
general stroke risk factors (p ineraction > 0.05). However, the
association between 52M with all-cause mortality varied
age, ratio of family income to poverty, smoking status, and
history of hypertensive, and were stronger in participants
with aged <60 years, non-married, ratio of family income
to poverty >1.58, current smokers, or non-hypertension. A
large number of studies have shown that age is closely re-
lated to a variety of chronic diseases [43—45]. However,
we found that stronger association between $2M and all-
cause mortality in participants aged <60 years in this study.
This relationship is not surprising because the study spec-
ulated that age may hide the association between 52M and
all-cause mortality in participants aged >60 years, due to
the additional effect of age on all-cause mortality.

The importance of socio-economic status as predictor
for all-cause mortality has been emphasized by many stud-
ies [24,46]. High ratio of family income to poverty sym-
bolized low family income. Previous research showed that
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health inequalities from income inequality exist in low- and
middle-income countries as well as in high-income coun-
tries [43]. Income fluctuations may have a general impact
on health, and may be mediated by physiological changes,
psychological changes or health care, including worse men-
tal status, overall quality of life, access to health care, and
mortality. Previous studies found that clinical or drug treat-
ment of chronic diseases effectively reduced the concentra-
tion of S2M [40,47,48]. However, some low-income popu-
lations with chronic diseases may abandon clinical or drug
treatment and health care services to deal with unexpected
financial instability, resulting in high 52M and increased
disease risk or disease deterioration.

Smoking and hypertension are strong risk factors of
mortality in the United States [49,50]. Our study found
stronger significant association with S2M and all-cause
mortality in current smokers, which was consistent with
Pawet Wankowicz’s current study [3]. However, the de-
tailed impact mechanism is still unclear and needs further
exploration. To the contrary, we observed a stronger associ-
ation of S2M with all-cause mortality in non-hypertensive
participants than hypertensive participants. There are two
possible reasonable explanations for this result. First
of all, patients with hypertension may suffer from other
chronic diseases before treatment, such as hyperlipidemia,
atherosclerosis, and diabetes. Therefore, effective preven-
tion and treatment of risk factors such as blood glucose,
blood lipid and blood pressure for patients with chronic dis-
eases and general healthy people can reduce the disease bur-
den and mortality in the future [50]. Second, previous stud-
ies indicated that blood pressure treatment was closely asso-
ciated with serum 32M concentrations, effectively reducing
the concentration of 82M [47,51,52]. Therefore, we spec-
ulate that the changes of function and physiological tissue
structure in hypertensive population may mask the associa-
tion of 52M and all-cause mortality due to additional blood
pressure treatment.

In summary, the evidences provided in this study
showed the importance of 52M to overall health, especially
cerebrovascular disease health, and supported that 52M is
an effective predictor of stroke and all-cause mortality. In
recent years, as a rare cause, blood elements are closely re-
lated to the occurrence of stroke, but the association be-
tween 52M and stroke mortality is relatively lacking, so
our research will help to further explain the relationship be-
tween blood diseases and stroke to some extent. Addition-
ally, 2M may participate in the inflammatory response in
the humoral microenvironment and interact with other anti-
genic bodies or immune molecules. Therefore, it is neces-
sary to further explore the mechanism of 52M and its thera-
peutic effect in clinical practice. Considering that the patho-
physiology, prognosis and clinical characteristics of acute
small vessel ischemic stroke are different from other types
of cerebral infarction, and lacunar infarction is the stroke
subtype with the best functional prognosis. An indispens-

able research in the future will be to evaluate the correlation
between 32M and lacunar and non lacunar acute stroke.

5. Conclusions

High 52M levels were associated with an increased
risk of stroke and all-cause mortality in U.S. adults of aged
>40 year in this study. Future studies are needed to fur-
ther elucidate the mechanisms by which 52M increases the
risk of stroke and all-cause mortality, to measure changes
in 52M levels during follow-up, and to determine whether
B2M levels can be modified through interventions.

6. Strengths and Limitations

The strengths of our study included the use of a multi-
stage, complex prospective cohort study based on popula-
tion aged >40 years in the U.S., the combined large sample
size, and the long follow-up period. In addition, when the
study excluded deaths during the first 2 years of follow-up,
participants with major chronic diseases (hypertension and
diabetes mellitus) at baseline, and GFR <60 mL/min/1.73
m?, the associations have not changed substantially, indi-
cating the obvious robustness of our results, and the statis-
tical type II error minimized.

The study also needs to acknowledge several limita-
tions. First, the serum $2M concentration was measured
only at baseline, and participants’ serum $2M may have
changed during follow-up due to changes in living habits
and diet. Second, residual confounding was likely, al-
though a number of covariates were adjusted (for example,
aspirin use, hormone replacement therapy, and dietary pat-
tern). Third, mortality outcomes were determined through
linkage to the National Death Index with a probabilistic
matching algorithm to determine the mortality status that
may result in some misclassification, which may exaggerate
or narrow the observed findings. Fourth, due to the limita-
tion of death data, the study did not analyze stroke subtypes,
such as ischemic and hemorrhagic strokes.
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