
Hypertension Research (2019) 42:1808–1815
https://doi.org/10.1038/s41440-019-0295-6

ARTICLE

Serum furin as a biomarker of high blood pressure: findings from a
longitudinal study in Chinese adults

Yan He1 ● Liyun Ren1
● Qiu Zhang2

● Mingzhi Zhang1
● Jijun Shi3 ● Weidong Hu3

● Hao Peng1
● Yonghong Zhang1

Received: 18 March 2019 / Revised: 7 June 2019 / Accepted: 11 June 2019 / Published online: 28 June 2019
© The Japanese Society of Hypertension 2019

Abstract
The cardiovascular protective role of furin has been suggested by some animal-based studies but has not been well studied in
humans. Therefore, the objective of this study was to examine the prospective association between serum furin and high
blood pressure in a longitudinal cohort of Chinese adults. Leveraging a longitudinal prospective cohort with blood pressure
examined twice on average 4 years apart, we systemically examined the cross-sectional, longitudinal, and prospective
associations of baseline serum furin with blood pressure and incident hypertension. Conventional risk factors, including age,
sex, education level, cigarette smoking, alcohol consumption, BMI, fasting glucose, and lipids, were controlled. All
participants included were free of cardiovascular and kidney disease at baseline. The cross-sectional analysis of 2312
participants (mean age 53 years) revealed that individuals with the lowest quartile of serum furin had average systolic,
diastolic, and mean arterial blood pressures that were 2.58, 1.38, and 1.61 mmHg higher, respectively, than the
corresponding pressures in individuals with the highest quartile (all P < 0.001). These negative associations remained
significant after controlling for the dynamic risk profiles during follow-up in the longitudinal analysis. The prospective
analysis of 1088 participants free of prevalent hypertension at baseline revealed that compared with participants with the
highest quartile of serum furin, those with the lowest quartile had a 46% increased risk of incident hypertension (HR= 1.46,
P= 0.003). These results indicate that lower serum furin is significantly associated with higher blood pressure and predicts
an increased future risk of developing hypertension in Chinese adults. Furin may be a protective factor or marker of
hypertension.
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Introduction

Hypertension is a polygenetic, complicated disease affecting
two-thirds of the population worldwide [1]. As a leading
modifiable risk factor for cardiovascular disease (CVD) [2], a
better understanding of the mechanisms and risk factors of
hypertension is of critical importance for the prevention and
management of this debilitating disorder and CVD. Furin, a
member of the subtilisin-like proprotein convertase enzyme
family, plays a pivotal role in diverse physiological processes,
such as proliferation and migration of vascular smooth muscle
cells [3], vascular remodeling [4], maintenance of sodium-
electrolyte balance [5] and activation of the prorenin receptor
[6], all of which are involved in blood pressure maintenance.
These findings may indicate a potential role for human furin
in hypertension. Some recent findings also support this
hypothesis. For example, animal studies found that haptic
overexpression of profurin, a precursor of furin, can reverse
atherosclerosis in mice [4]. Genetic variants of the FURIN
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gene have been associated with blood pressure [7–9],
hypertension [10], coronary artery disease [11–13], and stroke
[14] in humans. Furin is expressed in a broad range of organs
and tissues related to hypertension, such as the heart, arteries,
nervous system, kidney, and blood [15]. It also enters the
circulation and can be measured as a potential biomarker for
diseases. A recent study found that the extracellular furin
concentration remains consistent with its intracellular level
[16]. To date, circulating furin has been limitedly studied in
humans and was previously associated with diabetes [17] and
diabetic CVD [18]. Further, the existing studies were mainly
conducted in populations with European ancestry that have
different cardiovascular risk profiles from that of the Chinese
population. To date, no study has examined the association
between circulating furin and hypertension in the Chinese
population or other ethnic groups. Therefore, we aimed to
examine the prospective association between serum furin and
hypertension in a systemic manner, leveraging a longitudinal
cohort of Chinese adults in the Gusu cohort.

Methods

Study participants

The Gusu cohort is a community-based longitudinal pro-
spective cohort study of CVD and its risk factors in middle-
aged and elderly Chinese adults in eight communities
residing in a traditional but economically developed district
of Suzhou, China. The study design, survey methods, and
laboratory techniques have been described previously [19].
In brief, the first clinical examination was conducted in
2010 (Phase I) by enrolling 2706 community members aged
over 30 years. All surviving participants were re-examined
in 2014 (Phase II) and are currently being followed through
2020. The protocols of the current study were approved by
the Soochow University Ethics Committee. Written
informed consent was obtained from all study participants.

Figure 1 describes the selection of study participants
included in the current analysis. Of 2706 individuals par-
ticipating in the Phase I examination, 394 participants were
excluded due to missing data on serum furin at baseline. A
subsequent total of 2312 participants with complete data on
serum furin and blood pressure measurements were inclu-
ded in the analysis of the cross-sectional association
between serum furin and blood pressure. After further
excluding 300 participants who refused to participate in the
Phase II examination, 2012 participants were included in
the analysis of the longitudinal association between serum
furin and dynamic blood pressure during follow-up. Of
these, 1088 participants free of hypertension at the Phase I
examination were included in the analysis of the prospective
association between baseline serum furin and incident

hypertension. All participants in the Gusu cohort had not
been diagnosed with CVD or chronic kidney disease in the
Phase I examination.

Measurement of serum furin

Furin was measured in the stored serum samples drawn at
the Phase I examination only. Serum furin measurements
were performed in the Jiangsu Key Laboratory of Pre-
ventive and Translational Medicine for Geriatric Diseases at
Soochow University. The staff who performed the mea-
surements were blinded to the clinical characteristics of the
study participants. We used a sandwich enzyme immu-
noassay (Catalog: DL-FUR-Hu; DLDEVELOP, Wuxi,
China) to quantify concentrations of human furin in serums
frozen at −80 °C until laboratory testing. All samples were
processed in a duplicate assay. A standard curve was con-
structed, from which furin concentrations of unknown
samples were determined. Intra- and inter-assay coefficients
of variation were less than 10 and 12%, respectively.

Measurement of blood pressure and the definition
of incident hypertension

In both examinations, blood pressure was measured three
times by trained staff using a standard mercury sphygmo-
manometer and a cuff of appropriate size according to a
standard protocol [20], after the participants had been
resting for at least 5 min in a relaxed, sitting position. The
first and fifth Korotkoff sounds were recorded as the sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP), respectively. The mean of the three measurements
was used in statistical analyses. Mean arterial pressure

Fig. 1 A flowchart illustrating the selection of study participants and
the statistical plan
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(MAP) was approximately estimated using a formula in
which the DBP is doubled and added to the SBP and that
composite sum then is divided by 3. According to the
Chinese guidelines for the management of hypertension,
hypertension was defined as SBP ≥ 140 mmHg and/or
DBP ≥ 90 mmHg or use of antihypertensive medications in
the last 2 weeks [21]. Incident hypertension was defined as
participants who were free of hypertension in the Phase I
examination but initiated antihypertensive medications
during follow-up or had an SBP of at least 140 mmHg or a
DBP of at least 90 mmHg at the Phase II examination.

Assessment of conventional risk factors

Demographic data, including age, sex, and education level
estimated as years of under education, were obtained by
questionnaires administered by trained staff in the Phase 1
examination. Lifestyles and metabolic factors were mea-
sured at both baseline and follow-up examinations. In both
examinations, cigarette smoking was classified as current
smoking or not. Current smoking was defined as having
smoked at least 100 cigarettes in the entire lifetime, having
smoked cigarettes regularly, and smoking currently. Alco-
hol consumption was classified as current drinkers or not.
Current drinkers were those who had consumed any alcohol
during the past year. Body weight (kg) and height (cm)
were measured by trained staff with the participants wearing
light clothes and no shoes. BMI was calculated by dividing
weight in kilograms by the square of height in meters (kg/
m2). Fasting glucose, blood lipids including total choles-
terol, triglycerides, high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-C)
were measured by standard laboratory methods [19].

Statistical analysis

To carefully examine the association between serum furin
and hypertension in a systemic manner, we tested the cross-
sectional, longitudinal, and prospective associations of
serum furin with blood pressure and incident hypertension,
respectively. Log-transformation (base 10) was applied to
maximize the normality of serum furin (log10-furin). A two-
tailed P value of less than 0.05 was considered statistically
significant. All statistical analyses were conducted using
SAS statistical software (version 9.4; Cary, North
Carolina, USA).

Cross-sectional association analysis

To examine whether serum furin was associated with
SBP, we constructed a robust linear regression model
in which SBP was the dependent variable and serum furin
(log10-furin as a continuous variable or categorical furin

levels in quartiles) was the independent variable, adjust-
ing for potential confounders including age, sex, educa-
tion level, current smoking, current drinking, BMI, LDL-
C, HDL-C, fasting glucose, and under antihypertensive
treatments (y/n). The robust regression model was used
here to account for the influence of extreme values of
serum furin and other covariables on model fitting. The
associations of serum furin with other blood pressure
components, such as DBP and MAP, were similarly
examined.

Longitudinal association analysis

To further examine whether dynamic risk profiles during
follow-up influence the association between serum furin and
dynamic blood pressure, we constructed a linear mixed
effects model in which repeated measurements of SBP were
the dependent variable, serum furin (log10-furin as a con-
tinuous variable or categorical furin levels in quartiles) at
baseline was the independent variable, adjusting for sex,
education level, and repeated measurements of age, current
smoking, current drinking, BMI, LDL-C, HDL-C, fasting
glucose, and under antihypertensive treatments (y/n) at
baseline and follow-up examinations, with two time-points
of examinations as the random effect. The linear mixed
regression model was used here to account for repeated
measurements and reduce the effects of dynamic risk pro-
files on follow-up blood pressure. The longitudinal asso-
ciations of serum furin with dynamic DBP and MAP were
similarly examined.

Prospective association analysis

To examine whether baseline serum furin could predict
future risk of incident hypertension, we constructed a Cox
proportional hazards model in which time (in days) to
incident hypertension was the dependent variable and
serum furin at baseline (log_furin as a continuous variable
or categorical furin levels in quartiles) was the indepen-
dent variable, adjusting for baseline conventional risk
factors, including age, sex, education level, current
smoking, current drinking, BMI, LDL-C, HDL-C, and
fasting glucose. Participants who had already been diag-
nosed with hypertension at baseline were excluded from
this model. For incident hypertensive cases who initiated
antihypertensive medications during follow-up, the initi-
ating date was used in the Cox model. For those who were
not under antihypertensive medications, we used the
clinical examination date on which a new case of incident
hypertension was identified as the date of diagnosis. For
participants who remained free of hypertension by the end
of follow-up, the time to events was censored at the end of
follow-up.
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Secondary analysis

To further examine whether serum furin could improve the
prediction performance over conventional risk factors, such as
age, sex, current smoking, current drinking, BMI, LDL-C,
HDL-C, and fasting glucose, we calculated and compared the
area under the receiver operating characteristic (ROC) curves
for two prediction models (conventional risk factors only vs.
conventional risk factors plus serum furin) using logistic
regression.

Results

Baseline characteristics of study participants

The current study included 2312 middle-aged and elderly
Chinese adults (mean age 53 ± 10 years, 62% women). Of
them, 1060 (45.85%) participants were diagnosed with
having prevalent hypertension, including 642 individuals
receiving antihypertensive medications. The baseline char-
acteristics of the study participants according to quartiles of
serum furin are shown in Table 1. Each blood pressure
component, including SBP, DBP, and MAP, was sig-
nificantly decreased as serum furin increased (all P < 0.001).
Participants with a lower level of serum furin were more
likely to be older, male, current smokers, current drinkers,
under antihypertensive medications, and having a higher
level of fasting glucose than those with a higher level of
serum furin (all P < 0.05). No significant difference in other
listed variables across quartiles of serum furin.

Cross-sectional association between serum furin and
blood pressure

Table 2 shows the cross-sectional associations of serum furin
with SBP, DBP, and MAP in the Phase I examination, after
adjusting for age, sex, education level, current smoking,
current drinking, BMI, LDL-C, HDL-C, fasting glucose, and
antihypertensive treatment. Regression using log10-furin as a
continuous variable showed that each 10-fold lower serum
furin level was significantly associated with a 3.17mmHg
higher SBP, a 1.68mmHg higher DBP, and a 2.03mmHg
higher MAP, respectively (all P < 0.001). The results of
regression based on quartiles of serum furin also detected
significant associations in the same direction. Compared with
participants at the highest quartile of serum furin, those at
the lowest quartile had an average of 2.58mmHg higher SBP
(P= 0.001), 1.38mmHg higher DBP (P= 0.004), and
1.61mmHg higher MAP (P= 0.002), respectively.

Longitudinal association between baseline serum
furin and dynamic blood pressure during follow-up

Of the 2312 participants included in the cross-sectional
analysis in the Phase I examination, 2012 individuals par-
ticipated in the Phase II examination conducted an average
of 4 years later. During follow-up, some conventional risk
factors of hypertension, such as blood glucose and lipids, as
expected, were dynamically changed (Supplementary
Table 1). Table 3 presents the longitudinal associations of
baseline serum furin with dynamic SBP, DBP, and MAP
during follow-up after controlling for the dynamic risk

Table 1 Baseline characteristics of study participants according to serum furin levels (N= 2312)

Characteristics Quartile1 Quartile2 Quartile3 Quartile4 P-value
for trend(~0.58 ng/mL) (0.59~0.98 ng/mL) (0.99~1.72 ng/mL) (1.73 ng/mL~)

No. of participants 579 567 587 579 −

Age, years, mean ± SD 55 ± 10 54 ± 10 52 ± 10 52 ± 10 <0.001

Sex, men (%) 273 (47.15) 220 (38.80) 196 (33.39) 193 (33.33) <0.001

Current smoking, n (%) 151 (26.08) 127 (22.40) 102 (17.38) 127 (21.93) 0.023

Current drinking, n (%) 131 (22.63) 113 (19.93) 90 (15.33) 79 (13.64) <0.001

Under antihypertensive
treatments, n (%)

202 (34.89) 178 (31.39) 137 (23.34) 125 (21.59) <0.001

Education level, years,
mean ± SD

7.5 ± 2.7 7.4 ± 2.7 7.7 ± 2.9 7.7 ± 2.8 0.108

BMI, kg/m2, mean ± SD 24.84 ± 3.62 25.16 ± 3.56 24.86 ± 4.09 24.53 ± 3.80 0.082

SBP, mmHg, mean ± SD 133.3 ± 15.5 131.6 ± 14.8 129.3 ± 15.9 128.5 ± 20.4 <0.001

DBP, mmHg, mean ± SD 86.2 ± 7.6 85.6 ± 8.4 84.6 ± 8.9 84.0 ± 11.3 <0.001

MAP, mmHg, mean ± SD 101.9 ± 8.9 100.9 ± 9.2 99.5 ± 10.3 98.8 ± 13.5 <0.001

Fasting glucose, mmol/L 5.3 (4.8–5.9) 5.2 (4.7–5.7) 5.1 (4.7–5.6) 5.0 (4.6–5.6) <0.001

Total cholesterol, mmol/L 5.05 (4.50–5.63) 5.08 (4.55–5.74) 5.08 (4.52–5.77) 5.10 (4.55–5.69) 0.596

Triglycerides, mmol/L 1.09 (0.78–1.51) 1.21 (0.83–1.77) 1.09 (0.77–1.68) 1.14 (0.76–1.67) 0.863

LDL cholesterol, mmol/L 2.96 (2.56–3.49) 2.97 (2.50–3.45) 2.94 (2.49–3.40) 2.90 (2.47–3.39) 0.082

HDL cholesterol, mmol/L 1.43 (1.22–1.70) 1.42 (1.19–1.68) 1.49 (1.26–1.75) 1.44 (1.21–1.71) 0.176

Results are expressed as median (interquartile range) unless otherwise noted

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, LDL low-density lipoprotein, HDL high-density lipoprotein
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profiles. Regression using log_furin as a continuous vari-
able showed that the negative associations of serum furin
with SBP (β=−2.12, P= 0.004), DBP (β=−0.62, P=
0.034), and MAP (β=−1.12, P= 0.020) persisted after
adjusting for dynamic risk profiles including age, cigarette
smoking, alcohol consumption, antihypertensive treatment,
BMI, glucose, and lipids during follow-up. Regression
based on quartiles of serum furin found similar results.
Compared with participants with the highest level of serum
furin at baseline, those with the lowest level of serum furin
had an average 1.75 mmHg higher SBP (P= 0.012),
0.84 mmHg higher DBP (P= 0.037) and 0.93 mmHg
higher MAP (P= 0.042).

Prospective association between baseline serum
furin and incident hypertension

Of the 1088 participants free of hypertension at baseline and
repeatedly participating in both examinations, 160 partici-
pants developed new hypertension during an average
4 years of follow-up. The prospective association of base-
line serum furin with the risk of incident hypertension is
illustrated in Fig. 2. Each 10-fold lower serum furin level at
baseline was significantly associated with a 36% higher risk

of developing hypertension approximately 4 years later,
independent of conventional risk factors of hypertension
(HR= 1.36, P < 0.001). Compared with participants with
the highest level of serum furin, those with the lowest level
of serum furin had a 46% increased risk of incident
hypertension (HR= 1.46, P= 0.003).

Table 3 The longitudinal association* between baseline serum furin and dynamic blood pressure during follow-up (N= 2012)

Baseline serum furin (ng/mL) Dynamic SBP Dynamic DBP Dynamic MAP

β (SE) P-value β (SE) P-value β (SE) P-value

log_furin −2.12 (0.74) 0.004 −0.62 (0.43) 0.034 −1.12 (0.48) 0.020

Categorical

Quartile4 (1.73~) 1.00 (ref) – 1.00 (ref) – 1.00 (ref) –

Quartile3 (0.99~1.72) −0.16 (0.68) 0.811 0.14 (0.40) 0.726 0.04 (0.45) 0.932

Quartile2 (0.59~0.98) 0.88 (0.69) 0.205 0.52 (0.40) 0.201 0.85 (0.45) 0.061

Quartile1 (~0.58) 1.75 (0.69) 0.012 0.84 (0.40) 0.037 0.93 (0.45) 0.042

*Adjusting for sex, education level at baseline, and repeated measurements of age, current smoking, current drinking, body mass index, low- and
high-density lipoprotein cholesterol, fasting glucose, and under antihypertensive treatments at baseline and follow-up examinations

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, log10-furin log-transformation (base 10) of furin

Table 2 The cross-sectional association* between serum furin and blood pressure in Phase I examination (N= 2312)

Baseline serum furin (ng/mL) Baseline SBP Baseline DBP Baseline MAP

β (SE) P-value β (SE) P-value β (SE) P-value

log10-furin −3.17 (0.85) <0.001 −1.68 (0.51) <0.001 −2.03 (0.56) <0.001

Categorical

Quartile4 (1.73~) 1.00 (ref) – 1.00 (ref) – 1.00 (ref) –

Quartile3 (0.99~1.72) 1.16 (0.78) 0.137 0.64 (0.47) 0.175 0.76 (0.52) 0.141

Quartile2 (0.59~0.98) 1.62 (0.79) 0.041 1.22 (0.48) 0.010 1.29 (0.53) 0.014

Quartile1 (~0.58) 2.58 (0.80) 0.001 1.38 (0.48) 0.004 1.61 (0.53) 0.002

*Adjusting for age, sex, education level, current smoking, current drinking, body mass index, low- and high-density lipoprotein cholesterol, fasting
glucose, and under antihypertensive treatments

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, log10-furin log-transformation (base 10) of furin

Fig. 2 The HR and 95% CI of incident hypertension associated with
quartiles of serum furin with the highest quartile as a reference, in
1088 participants free of hypertension at the Phase I examination
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Results of secondary analysis

Figure 3 presents the comparisons in the ROC curves for two
prediction models: conventional risk factors only and con-
ventional risk factors plus serum furin. Adding serum furin to
the prediction model slightly increased the prediction perfor-
mance for hypertension compared with that of the model
including conventional risk factors only, but the improvement
did not reach statistical significance (area under ROC curve:
0.723 vs. 0.711, P= 0.167 for comparison).

Discussion

In a longitudinal prospective cohort of middle-aged and
elderly Chinese adults in the Gusu cohort, our study for the
first time systemically examined the cross-sectional, long-
itudinal, and prospective associations between serum furin
and high blood pressure. The results showed that a lower
level of serum furin at baseline was not only significantly
associated with higher blood pressure (SBP, DBP, MAP)
but also significantly predicted a higher risk of incident
hypertension during an average 4 years of follow-up. These
identified associations were independent of conventional
risk factors of hypertension, including smoking, drinking,
obesity, blood glucose, and lipids. These results may sug-
gest that a lower level of furin in the circulation could serve

as a predictor and risk factor for the development and
progression of hypertension.

In line with our study, the identified association between
serum furin and high blood pressure has also been sug-
gested by some previous studies. For example, an animal
study found that mice with haptic overexpression of pro-
furin, a precursor of furin, exhibited reduced atherosclerosis
and vascular remodeling, which is the fundamental patho-
genesis of hypertension [4]. In humans, the Young Finns
Study, a genome-wide association study (GWAS), found
that the genotype AA of rs4702 in the FURIN gene, which
marked decreased furin expression, was associated with
both elevated SBP and DBP [7]. The associations between
FURIN gene polymorphisms and blood pressure have also
been demonstrated in other GWASs, mainly in European
ancestry populations [9]. In addition to hypertension per se,
the FURIN gene has also been suggested as a candidate
gene involved in vascular complications of hypertension,
e.g., coronary artery disease [11–13] and stroke [14] in
humans. Although no evidence to date demonstrates the
association between the FURIN gene genotype and blood
pressure or hypertension in the Chinese Han population, our
study demonstrated a similar association between lower
circulating furin and a higher risk of hypertension in this
population to the genetic findings in other ethnic groups in
the same direction. To the best of our knowledge, only two
studies have examined furin levels in the circulation linking
to disease states. One study including 4678 European adults
found that baseline plasma furin predicted future risk of
diabetes [17]. The other study found a significantly
increased level of plasma furin in 25 diabetic patients
complicated with CVD compared with that in 25 patients
with diabetes alone [22]. Although the underlying reasons
are unclear, these findings that conflict with ours and prior
genetic studies [7, 9] suggest a complicated role of furin in
the development and progression of hypertension and
related conditions. Our study provided the first population
evidence for the potential role of furin in the pathogenesis
of hypertension and increased the possibility that furin
deficiency might be a risk factor for hypertension and
related cardiovascular disorders.

Although we found that serum furin could predict future
risk of hypertension independently of conventional risk
factors, including age, sex, education level, cigarette
smoking, alcohol consumption, obesity, lipids, and glucose,
serum furin just slightly (but not significantly) improved the
prediction performance for hypertension over these con-
ventional risk factors. Whether furin deserves to be an
interventional target for the prevention and management of
hypertension remains to be studied.

To deepen our understanding of the role of furin in the
cardiovascular system, the mechanisms underlying the
identified association between serum furin and hypertension

Fig. 3 The comparison of the ROC curves for two prediction models:
conventional risk factors only vs. conventional risk factors plus serum
furin. The area under the ROC curve for the prediction model of
conventional risk factors only was 0.711 (95% CI: 0.669–0.752, red
line). After adding serum furin, the area under the ROC curve for the
prediction model became 0.723 (95% CI: 0.683–0.762, green line).
The P-value for the comparison of the ROC curves for the two pre-
diction models was 0.167
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needs discussion. Furin, a member of the subtilisin-like
proprotein convertase enzyme, can convert many inactive
protein precursors into their active forms. Of these proteins,
some play vasoconstrictive roles, and others play vasodila-
tive roles in the maintenance of blood pressure. For example,
renin receptor (RR), activated by furin from its precursor
[6, 23], binds renin or prorenin and consequently enhances
renin activity and fully activates the biologically inactive
prorenin peptide involved in the pathogenesis and progres-
sion of hypertension [24]. Overexpression of another protein
activated by furin, epithelial Na+ channel (ENaC) [5], has
also been associated with high blood pressure. In stark
contrast, transforming growth factor (TGF-β) [25, 26] is also
activated by furin but contributes to lower blood pressure
[27]. Another protein B-type natriuretic peptide (BNP)
activated by furin [28, 29] has been associated with low
blood pressure through its natriuretic/diuretic and vasodila-
tory actions. These inconsistent results indicate a compli-
cated role of furin in the complex phenotype of
hypertension. Despite the conflicting findings, these studies
together with ours suggest an association between furin and
hypertension. In addition, there may be some unknown
biological activities beyond the vessel constrictive mechan-
isms of furin that are involved in the cardiovascular system.

To the best of our knowledge, our study is the first to
examine the prospective association of serum furin with
incident hypertension in Chinese adults. The strengths of
this study include a longitudinal prospective study design,
careful and systemic analyses of the association between
serum furin and high blood pressure, and comprehensive
adjustments of many conventional risk factors. However,
our study also has several limitations. First, the restricted
sample size may not allow us to identify a statistically
significant association with a small effect size. However, we
successfully found a significant prospective association
between serum furin and hypertension in a small sample of
1088 adults free of prevalent hypertension at baseline.
Furthermore, in a larger sample, the cross-sectional and
longitudinal associations between serum furin and blood
pressure persisted in the same direction as the prospective
association. Such robust results indicate a biologically true
association between furin and hypertension. Second, as an
observational study, we cannot entirely exclude residual
confounding. Although we identified a significant pro-
spective association between baseline serum furin and
future risk of hypertension, the causality between furin
deficiency and hypertension is not established and requires
further evidence from clinical trials. Third, we only inclu-
ded Chinese middle-aged and elderly adults in our study.
Thus, the generalizability of our findings to other popula-
tions with different genetic backgrounds and health profiles
or younger populations is questioned. Fourth, the most
important use of a biomarker is its indication of the timing

from the physiological to pathologic state. We only
obtained blood pressure at the 4-year follow-up examination
and consequently could only foresee an individual’s risk of
hypertension 4 years later based on our current results. To
what extent serum furin at baseline could predict a patho-
logic high blood pressure is unknown. Fifth, some con-
siderable confounding factors, such as salt intake and renal
function, were not obtained in our study. It is therefore
uncertain whether the association between serum furin and
hypertension is independent of these factors.

In summary, our study demonstrates that a lower level of
serum furin was not only significantly associated with a higher
SBP, DBP, and MAP but also predicted an increased risk of
future hypertension in Chinese adults. These findings indicate
that the circulating level of furin could serve as a predictor for
the identification of individuals at high risk for hypertension
during primary prevention. Furin may be a protective factor or
a drug target for the prevention and management of hyper-
tension, but more evidence is needed to establish the causality
between furin level and hypertension.
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