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ABSTRACT

BACKGROUND As an antioxidant, serum superoxide dismutase (SOD) have been found to be associated with hypertension.

METHODS The data were derived from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), a prospective cohort
study in China. We explored the association between serum SOD and blood pressure (BP) using multivariable correction analysis
in an older Chinese population.

RESULTS We observed a significantly gradual downward trend in the association between serum SOD levels and diastolic BP
(DBP) in participants with lower serum SOD levels (< 58 IU/mL), while no associations were observed between serum SOD
levels and DBP in participants with higher serum SOD levels (> 58 IU/mL). Similar results showed a significant gradual down-
ward trend in associations between serum SOD levels and the risk of diastolic hypertension only at SOD < 58 IU/mL. Multiple
linear regression analysis suggested that serum SOD was negatively correlated with DBP (Sp = —0.088, P < 0.001) but not with
SBP (SB = 0.013, P = 0.607). Multiple logistic regression analysis suggested that serum SOD was independently associated with the
risk of diastolic hypertension (OR = 0.984, 95% CI: 0.973—0.996, P = 0.010) but not with the risk of systolic hypertension (OR =
1.001, 95% CI: 0.990-1.012, P = 0.836)) after adjusting for relevant confounding factors. Serum SOD levels (< 58 IU/mL, > 58
IU/mL) were an effect modifier of the association between serum SOD and DBP (interaction P = 0.0038) or the risk of diastolic
hypertension (interaction P = 0.0050).

CONCLUSIONS  Our study indicated for the first time that there was an L-shaped association between serum SOD levels and
the risk of diastolic hypertension in the older Chinese population.

ypertension is the most important risk

factor for death from cardio-cerebral

vascular diseases, accounting for 2.54
million deaths among Chinese residents in 2017.M%
Although many risk factors for hypertension, in-
cluding genetics, age, overweight/obesity, high salt
intake, smoking, excessive alcohol consumption, in-
sufficient physical activity, chronic mental stress
and air pollution, have been identified,®* the incid-
ence rate of hypertension is increasing year by year,
suggesting that some potential risk factors are still
unknown. Therefore, continuing to find modifiable
risk factors or predictors has important clinical
value for the early prevention of hypertension.
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The role of reactive oxygen species (ROS) in the
development of hypertension has been previously
investigated. When the vascular structure changes,
it can promote the tension of blood vessels to change,
affect the development of the whole course of hy-
pertension and lead to irreversible pathological
changes.® ROS can induce the transition of vascu-
lar smooth muscle cells (VSMCs) to a proliferative
phenotype, which is characterized by a decrease in
the vascular lumen, an increase in medium thick-
ness, an increase in stiffness and a decrease in ex-
pandability.'! ROS also promote inflammatory gene
expression and mediate multiple signaling path-
ways leading to vascular remodeling."”® Cells have



JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

multiple integrated enzymatic and nonenzymatic
antioxidant systems to resist oxidative stress. Super-
oxide dismutase (SOD) was discovered by McCord
and Fridovich in 1969 and has a scavenging effect
on ROS."” Oxidative stress occurs in the kidney and
its vascular system during Ang II infusion and high
salt intake, which reduces the expression of SOD .t
SOD plays an important role in endothelial dys-
function in essential hypertension by competing
with nitric oxide for superoxide.'” The pathogenes-
is of hypertension is related to oxidative stress and
endothelial dysfunction, accompanied by changes
in serum SOD levels.

Although several previous studies have reported
a decreased level and/or low activity of SOD in an-
imal models and/or humans with hypertension,*"!
the concrete relationship between SOD level and
hypertension is still uncertain. Given the increasing
aging of the population and the continuing rise in
the prevalence of hypertension, we aimed to invest-
igate whether serum concentrations of SOD contrib-
uted to a changed risk of hypertension in a Chinese
elderly population.

METHODS

Study Design and Participants

The data for this study were from the Chinese
Longitudinal Healthy Longevity Survey (CLHLS),
which covers 22 provinces, municipalities and auto-
nomous regions across the country. The subjects
were people aged 65 and above. Overall, the national
cohort was conducted among an elderly popula-
tion, with high-quality demographic and socioeco-
nomic characteristics, social and behavioral risk
factors, and various biochemical indicators, such as
blood and urine tests, for health indicators. The
baseline wave was conducted in 1998, followed by
follow-up waves in 2000, 2002, 2005, 2008-2009,
2011-2012 and 2014, and a multistage cluster sam-
pling method was used. Details of the study have
also been described elsewhere!™,

In the first stage, samples were randomly selec-
ted from the included provinces (Hebei, Heilongji-
ang, Henan, Jilin, Shandong, Liaoning, Shaanxi,
Shanxi, Sichuan, Hubei, Anhui, Jiangxi, Jiangsu,
Fujian, Zhejiang, Hunan, Guangdong, Guangxi,
Beijing, Tianjin, Chongqing and Shanghai). The
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total population of these cities and counties ac-
counts for 85% of the total Chinese population. In
the second stage, the response rate was 97.7% for all
participants who lived in the sampled counties and
cities and were willing to participate in the cohort.
A trained staff member from the county centers for
disease control and prevention conducted inter-
views using a structured questionnaire for acquisi-
tion of information. The questionnaire data came
from participants or surrogate interviewees who
were usually close relatives and family members.
More details on the research design, research pro-
cedures and data quality assessment are described
elsewhere."*"°! Participants in the national cohort
did not participate in the design of the self-report-
ing questionnaire in the CLHLS study at the same
time. These participants were also not involved in
the implementation of our study. All participants or
their relatives were informed of the results of
systolic BP (SBP) and diastolic BP (DBP) used the
data for the CLHLS study.

In this study, we used data from the 2011-2012
wave of the cohort. During the wave, the biomark-
er sub-study of CLHLS was conducted for various
serum indexes including SOD and others. Our
study had a sufficient analysis among adults aged
65 and older in the wave with complete informa-
tion on BP, SOD and other covariates. In total, 1,630
participants were initially included in our study. As
shown in Figure 1, we excluded 809 participants
due to missing data.

Measurement and Calculation of Blood Pressure

All participants rested for at least 5 min, and
trained research assistants used a mercury sphyg-
momanometer (upper arm type; Yuyue, Jiangsu,
China). SBP was measured by Korotkoff phase 1
and DBP was measured by phase V. The BP of
bedridden patients was measured in the recumbent
position. The average value of BP was calculated
from two measurements for further analysis. The
mercury sphygmomanometer must be calibrated
before each measurement. For research purposes,
DBP > 90 mmHg was defined as diastolic hyperten-
sion and SDP = 140 mmHg was defined as systolic
hypertension.

Covariates

The covariates were obtained by structured ques-
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All participants (n = 2,439)

Incomplete data (1 = 459): weight,
height, waist circumference, BMI,

current status of smoke, alcohol
drinking and exercise and blood

Missing data (1 = 350): disease
history of hypertension, heart
disease, stroke and diabetes;

pressure blood biomarker including plasma
creatine, plasma glucose, hsCRP,
total cholesterol, LDLC, HDLC and
SOD
Sample for analysis-full cohort (1 = 1,630)
A
regression analyss | | Corvefittinganalysis || ol BT IR
between SOD and of SOD and blood between SOD and
pressure
blood pressure blood pressure

Figure1 Flow chart of included participants. BMI: body mass index; HDLC: high density lipoprotein cholesterol; hs-CRP: hypersens-
itive-C-reactive-protein LDLC: low density lipoprotein cholesterol; SOD: serum superoxide dismutase.

tionnaire. Sociodemographic characteristics in-
cluded age, sex, residence and marital status. Other
health features included smoking, drinking, activit-
ies of daily living, body mass index (BMI), waist cir-
cumference, and physician-diagnosed self-reported
diseases such as heart disease, stroke, diabetes, and
other cardiovascular diseases (CVDs).

Residence is divided into “urban (city or town)”
or “rural (rural housing)”. Current smokers and
current drinkers were reported by themselves, us-
ing “Are you smoking at the moment?” and “are
you drinking now?” Current smokers were divided
into “current smokers” and “noncurrent smokers”.
At present, drinkers were divided into “current
drinkers” and “noncurrent drinkers”. Daily life
activities can be divided into the following two cat-
egories: “regular exercise” and “irregular exercise”.
Self-reported diseases can be divided into the fol-
lowing two categories: “yes” and “no”. The waist
circumference of lightweight participants were
measured with an non-stretchable tape. Measure
the distance between the lowest rib and the iliac
crest. In the case of our study, if the waist circum-
ference of a participant was at least 80 cm for a wo-
man and at least 85 cm for a man, she or he was defined
as overweight. BMI was calculated as weight (kg)
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divided by height squared (m?). BMI = 25 kg/cm?,
was defined as overweight.

Statistical Analysis

The Kolmogorov-Smirnov test was used to ana-
lyze the normality of the data. Non-normally dis-
tributed were analyzed by the Mann-Whitney U
test and then expressed as the median (interquart-
ile range [IQR]). Normally distributed data were
analyzed by the independent t-test and presented as
the mean + SD. The chi-square test was used to ana-
lyze categorical variables and is expressed as n (%).

First, we implemented a smooth curve to estim-
ate the relationships of serum SOD levels with SBP
and DBP. Second, multiple linear regression analysis
was performed to evaluate the associations between
serum SOD and SBP and DBP. Third, multiple lo-
gistic regression analysis was also performed to
evaluate the relationships between SOD and systolic
hypertension (SBP = 140 mmHg) and diastolic hy-
pertension (DBP = 90 mmHg). Additionally, we im-
plemented a multiple logistic regression analysis to
estimate the relationship between SOD and systolic
hypertension (SBP = 140 mmHg) and diastolic hy-
pertension (DBP = 90 mmHg) stratified by sex,
overweight, category of residence, CVDs and SOD
levels (inflection point = 58 IU/mL). Additionally,
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stratified analysis performed by gender, BMI, waist
circumference, category of residence, disease his-
tory and inflection point of serum SOD. We used
four models. Model 1: adjusted for age and gender.
Model 2: adjusted for age, sex, current status of
smoking, alcohol consumption and exercise. Model 3:
adjusted for age, sex, current status of smoking, al-
cohol consumption, exercise and disease history
(diabetes stroke and heart disease). Model 4: adjus-
ted for age, sex, current status of smoking, alcohol
consumption, exercise, disease history (diabetes,
stroke and heart disease), BMI and blood biomark-
ers (total cholesterol, low density lipoprotein cho-
lesterol (LDLC), high density lipoprotein cholesterol
(HDLC), hypersensitive-c-reactive-protein (hs-
CRP), creatine and plasma glucose). All of the ana-
lyses were performed using EmpowerStats 3.0. A P
value < 0.05 was considered to be statistically signi-
ficant.

RESULTS

Characteristics of Participants

The present study included 1,630 participants,
with an average age of 84, and 839 participants
were female (51.5%). The median SBP and DBP
were 140.0 mmHg and 80 mmHg, respectively. The
median serum SOD levels of the included parti-
cipants were 57.51 IU/mL in Table 1.

Nonlinear associations were identified between
serum SOD and DBP before adjustment for any
confounding factors. The smooth curve supported
an L-shaped relationship between serum SOD
levels and DBP (Figure 2A, P < 0.001) but not with
SBP (Figure 2B, P> 0.05). DBP decreased with in-
creasing serum SOD levels up to the turning point
(SOD =58 IU/mL). However, DBP was not correl-
ated with SOD levels when SOD > 58 IU/mL. Simil-
arly, there was an L-shaped relationship between
serum SOD levels and the risk of diastolic hyperten-
sion (Figure 2C, P < 0.001) but not with the risk of
systolic hypertension (Figure 2D, P> 0.05). The risk
of diastolic hypertension decreased with increasing
serum SOD levels up to the turning point (SOD = 58
IU/mL). Furthermore, all included participants
were divided into two groups according to the in-
flection point of serum SOD levels (58 IU/mL).
Compared with participants with low serum SOD
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levels (serum SOD < 58 IU/mL), high serum SOD
levels participants (serum SOD > 58 IU/mL) had
significantly lower DBP instead of SBP. We ob-
served a significantly gradual downward trend in
associations between serum SOD levels and DBP
when SOD < 58 IU/mL, while there were no associ-
ations between serum SOD levels and DBP when
SOD > 58 IU/mL (Figure 3A). Interestingly, similar
results showed a significant gradual downward
trend in associations between serum SOD levels
and the risk of diastolic hypertension when SOD <
58 IU/mL (Figure 3B).

Association between Serum SOD and BP After
Adjusting for Confounding Factors

Multiple linear regression analysis was per-
formed to further prove the association between
serum SOD and BP. As shown in Table 2, serum
SOD was negatively correlated with DBP (SB =
—0.088; 95% CI: —0.170 to —0.049; P < 0.001) but not
with SBP (Sp = 0.013; 95% CI: —0.086, 0.147; P =
0.607) in Crude Model. After other confounding
factors were added, including age, gender, current
status of smoke, alcohol drinking, exercise, disease
history (diabetes, stroke and heart disease), BMI
and blood biomarkers (total cholesterol, LDLC,
HDLC, hs-CRP, creatine and plasma glucose), the
serum SOD still had a strong relationship with DBP
(Sp = —0.069; 95% CI: —0.151 to 0.026, P = 0.005,
Model 4) but not with SBP (Sp = 0.014, 95%CI:
—0.153 to 0.084, P = 0.564, Model 4). However, there
was still no correlation between serum SOD and
SBP after these adjustments were made.

Association between Serum SOD and Hyperten-
sion After Adjusting for Confounding Factors

Multiple logistic regression analysis was per-
formed to further prove the association between
serum SOD and the risk of hypertension. As shown
in Table 3, the results suggested that serum SOD
was independently associated with the risk of dia-
stolic hypertension (OR = 0.984; 95% CI: 0.973—
0.996; P = 0.01; Model 4) after adjustments were
made, including for age, gender, current status of
smoke, alcohol drinking, exercise, disease history
(diabetes, stroke and heart disease), BMI and blood
biomarkers (total cholesterol, LDLC, HDLC, hs-
CRP, creatine and plasma glucose). Our results
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Table1 Characteristics of participants.

SOD < 58 (IU/mL)

SOD > 58 (IU/mL)

Variables All (n=1630) (n = 866) (n =764) Pvalue
Age, yrs 84 (73-95) 81 (71-92) 86 (76-99) <0.001
Gender, male 839 (51.4%) 400 (46.1%) 439 (57.4%) <0.001
Category of residence
City and town 240 (14.8%) 145 (16.8%) 95 (12.4%)
Rural 1390 (85.2%) 721 (83.2%) 669 (87.5%) 0014
Weight, kg 50 (41-60) 53 (44-62) 48 (40-57) <0.001
Heigth, cm 155 (147-163) 157 (149-165) 153 (145-161) <0.001
Waist circumference, cm 80 (73-87) 81 (74-89) 78 (71-85) <0.001
BMI, kg/cm® 21.0 (19.0-24.0) 21.40 (19.13—24.20) 21.0 (18.01-23.30) <0.001
BMI < 25, normal 1381 (84.7%) 709 (81.8%) 672 (87.9%)
BMI = 25, overweight 249 (15.3%) 157 (18.2%) 92 (12.1%) <0001
Average BP systolic, mmHg 140 (122-156) 139 (125-155) 140 (122-159) 0.573
Average BP diastolic, mmHg 80 (72-90) 82 (75-90) 79 (70-88) 0.010
Rhythm of heart, irregular 155 (9.5%) 82 (9.4%) 74 (9.5%) 0.952
Heart rate 74 (67-81) 73 (66—80) 74 (68-82) 0.017
Current smoker 291 (17.8%) 177 (20.4%) 114 (14.9%) 0.004
Current drinker 295 (18.0%) 168 (19.4%) 127 (16.6%) 0.146
Regular exercise 285 (17.4%) 159 (18.3%) 126 (16.4%) 0.322
Suffering from disease
Hypertension 445 (27.3%) 247 (28.5%) 198 (25.9%) 0.239
Heart disease 127 (7.7%) 66 (7.6%) 61 (7.9%) 0.644
Stroke 122 (7.4%) 68 (7.7%) 54 (7.0%) 0.548
Diabetes 42 (2.5%) 28 (3.2%) 14 (1.8%) 0.075
Blood and urine biomarker
White blood cell count, 10°/L 5.3 (44-6.5) 5.3 (4.4-6.4) 5.3 (4.4-6.5) 0.625
Red blood cell count, 10"/L 4.3 (3.9-5.0) 4.3 (3.9-5.0) 4.3 (3.8-5.0) 0.911
Hemoglobin, g/L 126.0 (113.0-140.0) 129.0 (116.8-143.0) 122.0 (109.0-136.0) <0.001
Plasma albumin, g/L 40.6 (37.5-43.8) 40.7 (37.9-44.3) 40.5 (37.7-43.48) 0.193
hsCRP, mg/L 0.87 (0.38-2.34) 0.89 (0.42-2.36) 0.85 (0.34-2.33) 0.047
Blood urea nitrogen, mmol /L 6.57 (5.47-7.87) 6.46 (5.36-7.62) 6.66 (5.58-8.10) 0.001
Plasma creatine, mmol/L 77 (64-91) 75 (64-89) 78 (65-95) 0.004
Total cholesterol, mmol/L 4.26 (3.64—4.92) 4.23 (3.63—4.89) 4.29 (3.64-5.00) 0.409
HDLC, mmol/L 1.27 (1.05-1.51) 1.23 (1.02-1.44) 1.39 (1.09-1.60) <0.001
LDLC, mmol/L 2.50 (1.99-3.04) 2.50 (2.00-3.02) 2.50 (1.97-3.05) 0.872
Plasma glucose, mmol/L 4.47 (3.74-5.16) 4.56 (3.87-5.33) 4.38 (3.61—4.98) <0.001
Glycolated plasma protein, mmol/L 235.75 (218.70-254.70)  233.10 (215.10-252.90)  237.60 (222.30—256.40) <0.001
SOD, IU/mL 57.51 (52.27-62.18) 52.62 (48.25-55.45) 62.55 (60.09-66.70) <0.001

Data are presented as n (%) or median (interquartile range) BMI: body mass index; BP: blood pressure; CRP: C-reactive protein; HDLC:
high-density lipoprotein cholesterol; HR: heart rate; LDLC: low-density lipoprotein cholesterol; SOD: superoxide dismutase.

0.990-1.012; P = 0.836, Model 4) after adjusting for
relevant confounding factors.

showed that serum SOD was not associated with
the risk of systolic hypertension (1.001; 95% CI:
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Figure 2 Smooth curve on associations between SOD levels and diastolic (A & C) and systolic (B & D) blood pressure respectively.
DBP: diastolic blood pressure; SBP: systolic blood pressure; SOD: serum superoxide dismutase.
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Figure 3 SStratified analysis on association between SOD levels and diastolic blood pressure (A) and diastolic blood pressure >
90 mmHg (B). DBP: diastolic blood pressure; SOD: serum superoxide dismutase.

Stratified Analysis for Association between Ser-  serum SOD and BP stratified by sex, overweight,
um SOD and BP by Multiple Linear Regression  category of residence and disease history. As shown
Analysis in Table 4, we observed no significant effect modifi-

Multiple linear regression analysis was per-  ers between serum SOD and DBP after stratifying
formed to further prove the association between  the analysis by sex (interaction P = 0.5394), BMI (in-
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Table 2 Multiple linear regression analysis for relationship between SOD and BP.

DBP, mmHg SBP, mmHg
Variables
B SB 95% CI P-value B Sp 95% CI P-value

Crude -0.109 -0.088 -0.170, -0.049 <0.001 0.030 0.013 -0.086, 0.147 0.607
Model 1 -0.102 -0.082 -0.163, —0.041 0.001 —0.041 -0.017 —0.156, 0.075 0.493
Model 2 -0.101 -0.081 -0.162, —0.040 0.001 —0.040 -0.017 —0.155, 0.076 0.502
Model 3 -0.101 -0.081 -0.162, —0.040 0.001 —0.036 —0.015 —0.152, 0.080 0.539
Model 4 -0.089 -0.069 -0.151, -0.026 0.005 -0.034 —0.014 -0.153, 0.084 0.564

Crude: not adjusted; model 1: adjusted for a§e and gender; model 2: adjusted for age, gender, current status of smoke, alcohol drinking
er,

and exercise; model 3: adjusted for age, gen:

current status of smoke, alcohol drinking, exercise and disease history (diabetes, stroke

and heart disease); model 4: Adjusted for age, gender, current status of smoke, alcohol drinking, exercise, disease history (diabetes,
stroke and heart disease), BMI and blood biomarkers (total cholesterol, LDLC, HDLC, hs-CRP, creatine and Elasma glucose). BMI:

body mass index; BP: blood pressure; CRP: C-reactive protein; HDLC: high-density lipoprotein cholesterol; HR:

density lipoprotein cholesterol; SOD: superoxide dismutase.

eart rate; LDLC: low-

Table 3 Multiple Logistic Regression Analysis for Relationship between SOD and High BP (DBP = 90 mmHg or SBP = 140 mm-

Hg).
DBP 2 90 mmHg SBP 2140 mmHg
Variables
OR (95% CI) P-value OR (95% CI) P-value
Crude 0.981 (0.970, 0.993) 0.001 0.976 (0.943, 1.010) 0.354
Model 1 0.983 (0.971, 0.994) 0.003 0.999 (0.989, 1.010) 0.872
Model 2 0.983 (0.971, 0.994) 0.003 0.978 (0.944, 1,012) 0.884
Model 3 0.983 (0.971, 0.994) 0.004 1.000 (0.989, 1.010) 0.936
Model 4 0.984 (0.973, 0.996) 0.010 1.001 (0.990, 1.012) 0.836

Crude: not adjusted; model 1: adjusted for afe and gender; model 2: adjusted for age, gender, current status of smoke, alcohol drinking

and exercise; model 3: adjusted for age, gen

er, current status of smoke, alcohol drinking, exercise and disease history (diabetes, stroke,

and heart disease); model 4: Adjusted for age, gender, current status of smoke, alcohol drinking, exercise, disease history (diabetes,
stroke and heart disease), BMI and blood biomarkers (total cholesterol, LDLC, HDLC, hs-CRP, creatine and ﬁlasma glucose). BMI:

body mass index; BP: blood pressure; CRP: C-reactive protein; HDLC: high-density lipoprotein cholesterol; HR:

density lipoprotein cholesterol; SOD: superoxide dismutase.

teraction P = 0.5192), waist circumference (interac-
tion P= 0. 0.7233), category of residence (interac-
tion P=0.9213), heart disease (interaction P = 0.4536),
stroke (interaction P = 0.0741) and diabetes (interac-
tion P=0.6627). We also observed no significant ef-
fect modifiers between serum SOD and SBP after
stratification of the analysis. Importantly, serum
SOD levels (<58 IU/mL, > 58 IU/mL) were an ef-
fect modifier of the association between serum SOD
and DBP (interaction P = 0.006 0) but not a modifier
of the association between serum SOD and SBP (in-
teraction P = 0.6008).

Stratified Analysis for Association between Ser-
um SOD and Risk of Hypertension by Multiple
Logistic Regression Analysis

Multiple logistic regression analysis was per-
formed to further prove the association between
serum SOD and hypertension stratified by sex, over-
weight, category of residence and disease history.
As shown in Table 5, we observed no significant ef-

http:/ /www .jgc301.com; jgc@jgc301.com

eart rate; LDLC: low-

fect modifiers between serum SOD and the risk of
diastolic hypertension after the stratified analysis
by sex (interaction P = 0.1327), BMI (interaction P =
0.1422), waist circumference (interaction P = 0.3095),
category of residence (interaction P = 0.1282), heart
disease (interaction P = 0.964 2), stroke (interaction
P=0.7128) and diabetes (interaction P=0.1621).
We also observed no significant effect modifiers
between serum SOD and SBP after the stratified
analysis. Similarly, serum SOD levels (< 58 IU/mL,
> 58 IU/mL) were an effect modifier of the associ-
ation between serum SOD and the risk of diastolic
hypertension (interaction P = 0.0050) but not a mod-
ifier of the association between serum SOD and the
risk of systolic hypertension (interaction P = 0.7625).

DISCUSSION

In this prospective cohort including 1630 Chinese
adults 65 years or older, our results indicated L-
shaped relationships between serum SOD levels
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Table 4 Multiple linear regression analysis for relationship between SOD and blood pressure stratified by gender, overweight,

category of residence and CVD diseases.

DBP, mmHg SBP, mmHg
Subgroup
B (95% CI) P Interaction P B (95%CI) P Interaction P
Gende
Male —0.098 (—0.184, —0.012) 0.026 —0.004 (-0.172, 0.163) 0.958
0.5394 0.3324
Female -0.105 (—0.198, -0.012) 0.027 —0.080 (—0.252, 0.092) 0.360
BMI, kg/ cm?
BMI < 25 (normal) -0.101 (—0.169, —0.033) 0.004 —0.044 (-0.175, 0.087) 0.507
) 0.5192 0.8524
BMI 2 25 (overweight) —0.034 (—0.193, 0.124) 0.670 -0.018 (-0.297, 0.262) 0.901
Waist circumference, cm
Normal male < 90 yrs; female < 85 yrs —0.089 (-0.161, —0.017) 0.015 ARe 0.015 (-0.120, 0.150) 0.823 QBT
Overweight male 2 90 yrs; female 2 85 yrs  —0.070 (-0.198, 0.058) 0.285 ' —0.166 (—0.416, 0.083) 0.191 '
Category of residence
City and town —0.088 (—0.235, 0.058) 0.237 —0.246 (-0.506, 0.015) 0.064
0.9213 0.0867
Rural -0.083 (—0.153, -0.013) 0.019 0.016 (-0.118, 0.149) 0.815
Suffering from disease (CVDs)
Heart disease -0.067 (—0.304, 0.171) 0.579 —0.034 (-0.446, 0.378) 0.871
0.4536 0.7638
No heart disease —0.090 (—0.156, 0.025) 0.007 —0.022 (—0.146, 0.102) 0.727
Stroke -0.295 (—0.534, -0.057) 0.016 0.015 (—0.396, 0.426) 0.942
0.7401 0.5760
No stroke -0.078 (—0.143, -0.014) 0.017 0.032 (-0.093, 0.157) 0.611
Diabetes 0.077 (-0.399, 0.533)  0.742 —0.035 (-1.023, 0.954) 0.943
0.6627 0.4444
No diabetes -0.097 (—0.159, —0.034) 0.003 0.022 (—0.099, 0.142) 0.726
SOD
SOD < 58 IU/mL —0.205 (-0.327,-0.082) 0.001 0.005 (-0.222, 0.232) 0.859
0.0038 0.8060
SOD > 58 IU/mL 0.039 (-0.086, 0.164) 0.542 —0.053 (—0.295, 0.190) 0.750

Adjusted for age, gender, current status of smoke, alcohol drinking, exercise, disease history (diabetes, stroke, and heart disease), BMI
and blood biomarkers (total cholesterol, LDLC, HDLC, hs-CRP, creatine and plasma glucose). BMI: body mass index; BP: blood
ressure; CRP: C-reactive protein; CVDs: cardiovascular diseases; HDLC: high-density lipoprotein cholesterol; HR: heart rate; LDLC:

ow-density lipoprotein cholesterol; SOD: superoxide dismutase.

and DBP and diastolic hypertension after import-
ant identified confounders were adjusted. The in-
flection point for the curve was found to be a serum
SOD level of 58 IU/mL. To the best of our knowledge,
this is the first study in a Chinese elderly popula-
tion to provide clear evidence of the association
between serum SOD levels and diastolic hyperten-
sion.

In recent years, it has been found that oxidative
stress plays an important role in the pathogenesis of
hypertension by activating the renin-angiotensin-al-
dosterone system (RAAS)."”**) SOD is an antioxid-
ant enzyme that protects against oxidative stress by
catalyzing the dismutation of superoxide anion
(O,") into hydrogen peroxide and oxygen.""” Some
studies have shown that level and/or activity of
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SOD were decreased in animal models and/or hu-
mans with hypertension.">"*"**"l One study demon-
strated that in newly diagnosed hypertensive pa-
tients without antihypertensive treatment, SOD
levels were lower than those in the normal popula-
tion, and SOD activity was negatively correlated
with both systolic and diastolic blood pressure.*”
SOD3 is closely linked to hypertension among the
three SOD isoenzymes because SOD3 plays a key
role in regulating O," levels in the vasculature.
Gongora, et al”™” found that hypertension caused
by angiotensin IT was greater in Sod3”/~ mice com-
pared with wild-type mice. However, none of these
studies clarified the relationship between different
serum SOD levels and hypertension.

In the present study, our results indicated that
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Table 5 Multiple logistics regression analysis for relationship between SOD and blood pressure stratified by gender, overweight,

category of residence and CVD diseases.

DBP 2 90 mmHg SBP 2140 mmHg
Subgroup
OR (95%CI) P  Interaction P OR (95%CI) P  Interaction P
Gender
Male 0.977 (0.960, 0.944) 0.007 1.008 (0.994,1.024) 0.264
0.1327 0.1081
Female 0.991 (0.973,1.009) 0.310 0.994 (0.978,1.010) 0.450
BMI, kg/cm’
BMI < 25 (normal) 0.980 (0.967, 0.993) 0.003 1.002 (0.991,1.014) 0.695
) 0.1422 0.4460
BMI 2 25 (overweight) 1.004 (0.975,1.034) 0.798 0.989 (0.961,1.017) 0.436
Waist circumference, cm
Normal male < 90 yrs; female < 85 yrs 0.982 (0.968, 0.996) 0.012 . 1.008 (0.995,1.020) 0.217 AR
Overweight male 2 90 yrs; female 285 yrs  0.996 (0.972, 1.020) 0.720 ' 0.981 (0.958,1.004) 0.109 .
Category of residence
City and town 1.006 (0.978,1.035) 0.660 0.987 (0.961,1.014) 0.342
0.1282 0.1940
Rural 0.980 (0.967, 0.994) 0.005 1.005 (0.993,1.017) 0.448
Suffering from disease (CVDs)
Heart disease 0.979 (0.941,1.018) 0.284 0.981 (0.941,1.022) 0.351
0.9642 0.1589
No heart disease 0.984 (0.972,0.997) 0.016 1.004 (0.992,1.015) 0.517
Stroke 0.963 (0.922,1.005) 0.084 1.007 (0.970, 1.046)  0.703
0.7128 0.9855
No stroke 0.985 (0.972,0.997) 0.016 1.006 (0.995,1.017) 0.311
Diabetes 0.946 (0.832,1.075) 0.396 0.965 (0.851,1.093)  0.572
0.1621 0.9429
No diabetes 0.984 (0.972,0.996) 0.007 1.006 (0.995,1.017) 0.277
SOD
SOD <58, IU/mL 0.965 (0.943, 0.988) 0.020 1.000 (0.978,1.023) 0.988
0.0050 0.7625
SOD > 58 IU/mL 1.012 (0.989,1.035) 0.322 1.006 (0.986,1.027) 0.628

Adjusted for age, 1%ender, current status of smoke, alcohol drinking, exercise, disease history (diabetes, stroke, and heart disease), BMI

and blood biomar

ers (total cholesterol, LDLC, HDLC, hs-CRP, creatine and plasma glucose). BMI: body mass index; CRP: C-reactive

protein; DBP: diastolic blood pressure; HDLC: high-density lipoprotein cholesterol; LDLC: low-density lipoprotein cholesterol; SBP:

systolic blood pressure; SOD: superoxide dismutase.

serum SOD levels are associated with the risk of
diastolic hypertension, and a linear regression model
with a smooth curve further showed an L-shaped
relationship between serum SOD levels and the risk
of diastolic hypertension, while there was no correl-
ation between serum SOD levels and the risk of
systolic hypertension. A previous study did not in-
dicate any shaped associations between serum SOD
levels and hypertension. Importantly, we found the
inflection point for the curve at a serum SOD level
of 58 IU/mL, the risk of diastolic hypertension de-
creased with the increase of serum SOD levels up to
the turning point, and the diastolic hypertension
was not correlated with SOD levels at SOD > 58
IU/mL. On further analysis, we found that serum
SOD levels (<58 IU/mL, > 58 IU/mL) were an ef-

B Dttp://www jgc301.com; jge@ige301.com

fect modifier of the association between serum SOD
and DBP or the risk of diastolic hypertension but
not a modifier of the association between serum
SOD and SBP or the risk of systolic hypertension. In
addition, no significant effect modifiers were found
between serum SOD and DBP, SBP, or the risk of
diastolic hypertension or systolic hypertension after
the stratified analysis by sex, BMI, waist circumfer-
ence, category of residence, heart disease, stroke
and diabetes. According to the results, we can eas-
ily judge the risk of diastolic hypertension accord-
ing to different SOD levels in patients. These find-
ings may provide clinical guidelines on the primary
prevention of diastolic hypertension for the Chinese
elderly population.

The mechanism driving the link between serum
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SOD levels and hypertension has not been fully elu-
cidated. The occurrence of diastolic hypertension is
related to high sympathetic tension, increased excit-
ability of the RAAS and increased peripheral vascu-
lar resistance.® In this study, we found that the
risk of diastolic hypertension decreased with in-
creasing serum SOD levels up to 58 IU/mL. This
may be because SOD protects against oxidative
stress, which may reduce diastolic blood pressure
by antagonizing RAAS. When the concentration of
serum SOD is greater than 58 IU/mL, the effect of
SOD antioxidant stress may reach saturation, and
the increase in SOD is not related to DBP. A previ-
ous study found that the occurrence of isolated dia-
stolic hypertension is closely related to BML " but
in our study, we observed no significant effect mod-
ifiers between serum SOD and diastolic hyperten-
sion after the stratified analysis by BMI. This differ-
ence may be caused by the following reasons: first,
the inclusion of different groups of people, as our
study included Chinese elderly people over 65
years old and the Framingham Heart Study"** in-
cluded people aged 28 to 62. Second, 84.7% of the
participants included in our study were people with
BMI < 25 kg/m?, and the number of people who
were overweight was relatively small. Systolic hy-
pertension is usually caused by decreased arterial
system elasticity due to increased calcium and colla-
gen deposition on the arterial wall.”” The effect of
SOD is not directly related to the above systolic hy-
pertension mechanisms, which may explain our res-
ults that there was no relationship between serum
SOD levels and the risk of systolic hypertension.
Our findings suggest that increasing the concentra-
tion of serum SOD to a certain extent can reduce the
risk of diastolic hypertension. A meta-analysis™ in-
dicated that tempol, a SOD mimetic, reduced BP
and showed that antioxidant capacity played an im-
portant role in prevention after inducing hyperten-
sion in various animal models of hypertension. Fur-
ther research is needed to identify drugs that can
safely and effectively increase the level of human
serum SOD for the treatment of hypertension.

Our study has some obvious strengths. First, our
study results were from an elderly population of
CLHLS, which is a prospective, longitudinal, com-
munity-based study. This is the first national co-
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hort with an elderly Chinese population and has
high-quality data, including demographic and so-
cioeconomic characteristics, social and behavioral
risk factors and enough biochemical indexes, with a
multistage cluster sampling approach. Second, in
this community-based cross-sectional study, for the
first time, we found a nonlinear and L-shaped rela-
tionship between serum SOD levels and the risk of
diastolic hypertension after adjusting for important
identified confounders, and the inflection point for
the curve was found to be a serum SOD level of 58
IU/mL. Third, enough confounding factors, includ-
ing demographic characteristics, social and behavi-
oral risk factors and biochemical indexes, were ad-
justed by correction analysis, which ensures the ac-
curacy and reliability of our results.

This study also has some notable limitations.
First, our data only contained the concentration of
SOD in serum without SOD activity, which cannot
reflect the role of SOD in a more comprehensive
way. Second, the data did not distinguish between
essential hypertension and secondary hypertension,
and it was not possible to determine the relation-
ship between serum SOD levels and these two types
of hypertension. Third, the results of our study are
only applicable to elderly individuals in China, and
the effect of serum SOD levels on BP may be differ-
ent between young individuals and elderly indi-
viduals. Fourth, all the blood tests in this study were
only measured once at the same time (2011-2012).
The time courses of SOD levels were not measured.
Since there was no information about the long-term
change in SOD levels, it may lead to inaccurate SOD
levels, which may further bias our analysis results.
Last, although more than 9,000 people were in-
cluded in the CLHLS study and more than 2,000
people participated in blood biochemical testing,
1,630 people were eventually included in our study
because approximately 800 people were excluded
due to lack of important variables. In addition, our
study did not address some potential confounding
issues that may be related to racial group differ-
ences, leading to some bias in the results.

In summary, our results indicated a L-shaped re-
lationship between serum SOD levels and DBP or
the risk of diastolic hypertension and found that the
inflection point for the curve was a serum SOD level
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of 58 IU/mL. When the serum SOD level is lower
than 58 IU/ml, the risk of diastolic hypertension de-
creases with increasing serum SOD levels and the
risk does not decrease when SOD level is higher
than 58 IU/mL. Our study suggests that increasing
the level of serum SOD to a certain range to increase
antioxidant stress is beneficial for the treatment of
diastolic hypertension.
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