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Objective: Secreted frizzled related protein 5 (SFRP5) is a novel anti-inflammatory adipokine 

that is implicated in metabolic and cardiovascular disease (CVD). However, little is known 

about the relevance of SFRP5 with asymptomatic hypertensive target organ damages (TODs). 

We aimed to investigate the association between SFRP5 and TOD in a large population.

Clinical trial registration: NCT02368938.

Methods: A total of 1,745 community-dwelling elderly subjects aged over 65 years from 

northern Shanghai were recruited in the study. Plasma SFRP5 level was measured by an 

enzyme-linked immunosorbent assay. Asymptomatic TODs, including left ventricular mass 

index, peak transmitral pulsed Doppler velocity/early diastolic tissue Doppler velocity, carotid 

intima–media thickness (CIMT), pulse wave velocity (PWV), estimated glomerular filtration 

rate, and urinary albumin–creatinine ratio were evaluated.

Results: Plasma SFRP5 level was negatively associated with body mass index, waist/hip 

ratio, and fasting blood glucose (all P0.001). Men, compared with women, had lower plasma 

SFRP5 level (4.19 vs 5.13 ng/mL, P0.001). Additionally, plasma SFRP5 level was lower in 

diabetics than in those without diabetes (4.30 vs 4.81 ng/mL, P0.05). Furthermore, an inverse 

association was observed between SFRP5 and PWV and CIMT (both P0.05). Lastly, the 

multivariate logistic regression analysis showed lower SFRP5 level was significantly associated 

with increased arterial stiffness in the elderly (odds ratio 0.83, 95% confidence interval 0.71 to 

0.99 per 1 standard deviation increase, P0.05).

Conclusion: Plasma SFRP5 level was inversely correlated with conventional cardiovascular 

risk factors, and low plasma SFRP5 was also significantly associated with arterial stiffening in 

the elderly Chinese population.

Keywords: secreted frizzled related protein 5, cardiovascular disease, asymptomatic target 

organ damage, arterial stiffness

Introduction
Cardiovascular disease (CVD) is highly associated with metabolic diseases such as 

diabetes, obesity, hyperlipidemia, and so on.1 As an endocrine organ, the adipose tissue 

affects metabolic homeostasis and plays an important role in metabolic disorders.2,3 

Moreover, growing evidence indicates that adipokines secreted from the adipose tissue 

are significantly associated not only with metabolic disorders but also with CVD.3–5 

Additionally, several studies investigated the cross-talk between perivascular adipose 

tissue and vessels.6–8 Perivascular adipose tissue–derived adipokines regulate vascular 

function through paracrine and endocrine effects, suggesting adipokines are a new 

link between metabolic disorders and CVD.9
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Secreted frizzled related protein 5 (SFRP5) is an emerg-

ing anti-inflammatory adipokine that belongs to the SFRP 

family,10 and was reported to be implicated in obesity, insulin 

resistance, and other metabolic syndromes.11–14 Several cross-

sectional studies showed an inverse association between 

SFRP5 and diabetes mellitus (DM),11–13 whereas another 

study reported the SFRP5 level was increased in DM14 and 

one study found no association between SFRP5 and DM.15 

Similarly, data on SFRP5 and obesity are also controver-

sial in both animal and human studies.10–14,16–18 In addition, 

SFRP5 was suggested to impair insulin sensitivity19,20 and 

was diversely associated with insulin resistance.11–14 Some 

studies found a positive association between SFRP5 and 

insulin resistance,14 whereas some other studies indicated a 

negative association.11–13

Notably, SFRP5 was also suggested to be implicated in 

CVD, including coronary artery disease, vascular calcifica-

tion, myocardial infraction, myocardial hypertrophy, and so 

on.21–24 A recent population-based study, which is based on 

data from the Cooperative Health Research in the Region of 

Augsburg F4 study, investigated the associations between 

serum SFRP5 and cardiometabolic risk factors as well as 

prediabetes/type 2 diabetes in the elderly.25 In the study, 

SFRP5 was suggested to be associated with CVD risk factors 

and functions as a novel biomarker for the prevention of 

cardiometabolic diseases.25

Asymptomatic target organ damages (TODs) are con-

sidered to be an intermediate condition in the development 

of CVD. As a predictor of cardiovascular events, TODs are 

significantly associated with CVD morbidity and mortality. 

However, it remained unclear if SFRP5 was significantly 

associated with TOD. In this study, we focused on the cor-

relation of SFRP5 with TOD in order to better understand 

the role of SFRP5 in the development of CVD.

Methods
study design and population
The Northern Shanghai Study (NSS) was an ongoing 

community-based prospective study. It was authorized and 

supported by the Shanghai local government (Grant ID 

2013ZYJB0902; 15GWZK1002), and the protocol of the 

study was published previously.26 From June 2014 to May 

2016, adults aged over 65 years from urban communities in 

the north of Shanghai were enrolled if they were available 

for long-term follow-up. Subjects were excluded if they had 

1) severe cardiac diseases (New York Heart Association IV) 

or end-stage renal disease (chronic kidney disease 4); 2) 

known disease (such as lung cancer) with life expectancy 

5 years; and 3) stroke history within 3 months. Finally, 

1,910 subjects were invited, of whom 1,789 participants were 

enrolled in the NSS, and 1,745 elderly participated in our 

analysis after excluding the individuals with missing blood 

sample(s). The study protocol was approved by the Ethics 

Committee of Shanghai Tenth People’s Hospital, and written 

informed consent was obtained from all participants. Clinical 

trial registration: NCT02368938 (ClinicalTrials.gov).

social, clinical, and biologic parameters
Medical and family history including gender, age, weight and 

height, smoking habits, family history of premature CVD, 

history of DM, hypertension and renal diseases, usage of 

medications, and so on were obtained using standardized 

questionnaires. Body weight and body height were measured 

and body mass index (BMI) was calculated as weight in 

kilograms divided by height in meters squared. The waist–

hip ratio (WHR) was calculated using the following formula: 

waist circumference (cm)/hip circumference (cm). Sitting 

blood pressure (BP) was measured three times after 10 min 

of rest in sitting position using a semi-automatic oscillometric 

device (Omron Healthcare, Kyoto, Japan), according to the 

recommendations of the European Society of Hypertension,27 

and an average of the three readings was taken as participants’ 

BP. Venous blood sample and urine sample were obtained 

from the subjects after an overnight fast. All examina-

tions including total cholesterol, high-density lipoprotein 

cholesterol, low-density lipoprotein cholesterol (LDL-C), 

triglycerides, fasting plasma glucose, plasma creatinine 

(PCr), urinary creatinine, and microalbumin were assessed 

by standard methods at the laboratory of Shanghai Tenth 

People’s Hospital. Level of plasma SFRP5 (Human SFRP-5 

DuoSet ELISA, R&D Systems, Inc., Minneapolis, MN, USA) 

was measured by enzyme-linked immunosorbent assays. 

Estimated glomerular filtration rate (eGFR) was calculated 

by the modified Modification of Diet in Renal Disease for-

mula for Chinese: eGFR (mL/min/1.73 m2)=175×PCr−1.234×
age−0.179(women×0.79).28 The urine albumin–creatinine ratio 

(UACR) was defined as the ratio of urinary microalbumin 

divided by urinary creatinine.

Definition of hypertension, DM, 
and obesity
Hypertension was defined as a systolic BP (SBP) 140 mmHg 

or a diastolic BP 90 mmHg or a previous history of hyper-

tension. DM was defined as a previous self-reported diagno-

sis of DM by a physician. Individuals with BMI 28 were 

defined as obese.29
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Ankle–brachial index
Four-limb BPs were measured automatically with VP-1000 

(Omron Healthcare, Kyoto, Japan) by trained staff. The 

measurement was taken once by one trained physician for 

each participant. Bilateral ankle–brachial index (ABI) was 

defined as the ratio of the ankle SBP divided by the higher 

brachial SBP and could be read from the device. The lower 

ABI was applied for further analysis.

Ultrasonography
All the ultrasonography measurements were performed 

by an experienced cardiologist, who was blind to previous 

results. All measurements were performed with a MyLab 

30 CV machine (ESAOTE SpA, Genoa, Italy), accord-

ing to the American Society of Echocardiography 

recommendations.30

Carotid ultrasonography was evaluated at the common 

carotid arteries of both sides using a 7.5 MHz transducer. The 

common carotid artery intima–media thickness (CIMT) was 

measured on the left common carotid artery, within 2 cm from 

the bifurcation, and always performed on plaque-free arterial 

segments. CIMT was measured as the distance between the 

lumen–intima interface and the media–adventitia interface. 

Three measurements of CIMT were taken and the average 

value was used for further analysis. Simultaneously, the 

presence or absence of plaques in both the carotid arteries 

was recorded.

M-mode and two-dimensional echocardiography were 

performed using the same device with a 3.5 MHz probe. 

Left ventricular end-diastolic internal diameter (LVIDd), 

interventricular septal, and posterior wall thickness 

were measured by M-mode or two-dimensional echocar-

diography from the parasternal view and they were used to 

calculate left ventricular mass (LVM) with the American 

Society of Echocardiography–recommended formula:31 

LVM (g)=0.8×{1.04×[(LVIDd+posterior wall thick-

ness + interventricular septal)3−(LVIDd)3]}+0.6. 

Left ventricular mass index (LVMI) was defined as 

LVM divided by body surface area. Left atrial volume 

(LAV) was calculated using the ellipse model formula: 

LAV=[π×(SA1×SA2×LA)/6]. In this equation, SA1 is the 

M-mode left atrial dimension in the parasternal short-axis 

view and SA2 and LA are measurements of short and long 

axes in the apical four-chamber view at the ventricular end 

systole.32

The transmitral early diastolic peak flow (E) was mea-

sured by pulse-wave Doppler imaging, and the early diastolic 

velocity (Ea) was measured by tissue Doppler signals in 

lateral septum. The ratio of E/Ea in the lateral side was 

calculated for the evaluation of left ventricular diastolic 

function.

Pulse wave velocity
Aortic pulse wave velocity (PWV) was measured to 

assess the arterial stiffness, using applanation tonometry 

(SphygmoCor; AtCor Medical, Sydney, Australia) with the 

methods provided by European Expert Consensus on Arterial 

Stiffness.33 The distances from the sternal notch to the right 

femoral artery and from the sternal notch to the right carotid 

artery were measured with an inelastic tape, and the traveling 

distance was calculated by subtracting them. Carotid–femoral 

PWV was calculated by dividing the traveled distance by the 

transit time (PWV=distance/time).

Definition of hypertensive TODs
Asymptomatic TODs include cardiac, arterial, and renal 

TODs. Left ventricular hypertrophy was defined as 

LVMI 115 g/m2 (male) or LVMI 95 g/m2 (female).34 

Left ventricular diastolic dysfunction was assessed by 

E/Ea and other evidence of abnormal left ventricular relax-

ing and filling, such as enlarged left atrial volume and 

increased LVM. Specifically, diastolic dysfunction was 

defined as E/Ea 15, or 15E/Ea8 with any of the fol-

lowing: LAVI 40 mL/m2 or LVMI 149 g/m2 (men) or 

LVMI 122 g/m2 (women). As for the arterial TODs, they 

are defined as increased CIMT (CIMT 900 μm) or periph-

eral artery disease (ABI 0.9). In addition, arteriosclerosis 

is defined as PWV 12 m/s and atherosclerosis is defined 

as ABI 0.9 or the presence of plaque. Chronic kidney dis-

eases (eGFR 60 mL/min/1.73 m2) and microalbuminuria 

(UACR 30) represented renal TODs.

statistical analysis
Quantitative and qualitative parameters are presented as 

means ± standard deviation (SD) and numbers with the 

percentage in parentheses. Normal distribution of the data 

was tested using Kolmogorov–Smirnov test. Comparisons 

between groups were performed with Wilcoxon test. Correla-

tions between SFRP5 and relative variables were assessed 

using Spearman correlation analyses. Further, multivari-

ate logistic regressions were conducted to investigate the 

association of hypertensive TODs with SFRP5 in the entire 

population, in hypertensives, and in diabetics. Statistical 

analysis was performed using SAS software, V.9.3 (SAS 

Institute, Cary, NC, USA). P0.05 was considered statisti-

cally significant.
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Results
Table 1 shows the characteristics of participants, including 

conventional cardiovascular risk factors, asymptomatic 

TOD, as well as diseases and treatment. The mean age of 

the 1,745 participants was 71.4±6.0 years, and included 779 

(44.6%) men, 1,114 (63.9%) hypertensives, and 337 (19.3%) 

with diabetes. In addition, we investigated the distribution of 

plasma SFRP5 in the 1,745 participants. The plasma SFRP5 

level ranged from 0.40 to 20.3 ng/mL, and the average value 

was 4.71 ng/mL in this elderly population.

Figure 1 demonstrates the distribution of plasma SFRP5 

in the 1,745 participants. The plasma SFRP5 level ranged 

from 0.40 to 20.3 ng/mL, and the average value was 

4.71 ng/mL in this elderly population.

The relationship of SFRP5 with conventional cardiovas-

cular risk factors, including BMI, WHR, SBP, LDL-C, and 

fasting plasma glucose, are shown in Table 2 after adjustment 

for age. Plasma SFRP5 level was negatively and significantly 

correlated with BMI, WHR, and fasting plasma glucose 

(all P0.0001). Additionally, the relationship of SFRP5 

with male gender, smoking habits, hypertension, DM, CVD, 

and obesity was investigated as shown in Figure 2. Plasma 

SFRP5 level was significantly lower in men than in women 

(4.19 vs 5.13 ng/mL, P0.001) and lower in smokers than 

in nonsmokers (4.34 vs 4.78 ng/mL, P0.05). Individuals 

with diabetes had significantly lower plasma SFRP5 level 

than those without diabetes (4.30 vs 4.81 ng/mL, P0.05).

In the correlation analysis of SFRP5 with TOD markers, 

including LVMI, E/Ea, PWV, CIMT, UACR, and eGFR, 

it was observed that plasma SFRP5 level was significantly 

and negatively correlated with CIMT and PWV in an age-

adjusted model (both P0.05; Table 3). Furthermore, the 

association between SFRP5 and TOD was investigated by 

multivariate logistic regression analysis after adjustment 

for potential confounders including age, gender, smoking 

status, CVD history, sport time per week, LDL-C, and SBP 

(Figure 3). Low plasma SFRP5 level was associated with 

increased arterial stiffness in the total population (odds ratio 

[OR] 0.83, 95% CI 0.71–0.99 per 1 SD increase, P0.05), in 

hypertensives (OR 0.79, 95% CI 0.65–0.96 per 1 SD increase, 

Table 1 Characteristics of participants

Characteristics N=1,745

Cardiovascular risk factors
Age, years 71.4±6.0
Men, n (%) 779 (44.6)
smoker, n (%) 238 (13.7)
Family history of premature CVD, n (%) 374 (21.5)
Waist circumference, cm 86.0±9.7
hip circumference, cm 97.3±7.2
Body mass index, kg/m2 23.9±3.5
Fasting plasma glucose, mmol/l 5.7±1.7
Total cholesterol, mmol/l 5.2±1.0
Triglycerides, mmol/l 1.6±0.9
high-density lipoprotein cholesterol, mmol/l 1.4±0.4
low-density lipoprotein cholesterol, mmol/l 3.2±0.9
systolic blood pressure, mmhg 134.3±17.7

Asymptomatic target organ damage
left ventricular mass index, g/m2 90.4±29.0

Carotid intima–media thickness, μm 612.8±148.0
Plaque in carotid artery, n (%) 1,171 (67.1)
Pulse wave velocity, m/s 9.4±2.3
left ankle–brachial index 1.04±0.13
Estimated glomerular filtration rate, % 93.3±24.7
Urinary albumin–creatinine ratio, mg/g 56.0±101.9

Diseases and treatment
hypertension, n (%) 1,114 (63.9)
Diabetes, n (%) 337 (19.3)
Cardiovascular disease, n (%) 595 (34.1)
Treated hypertension, n (%) 862 (94.0)
Antidiabetic treatment, n (%) 279 (39.1)

Note: Data are mean ± standard deviation or number (%).
Abbreviation: CVD, cardiovascular disease.

Figure 1 Distribution of plasma sFrP5 level in 1,745 participants.
Abbreviation: sFrP5, secreted frizzled related protein 5.

Table 2 Correlation of sFrP5 with cardiovascular risk factors

Cardiovascular risk factors SFRP5

r P-value

Body mass index −0.13 0.0001
Waist/hip circumference −0.20 0.0001
systolic blood pressure −0.03 0.15
low-density lipoprotein cholesterol 0.03 0.22
Fasting plasma glucose −0.15 0.0001

Note: The model is age adjusted.
Abbreviation: sFrP5, secreted frizzled related protein 5.
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P0.05), and in diabetics (OR 0.69, 95% CI 0.50–0.97 per 1 

SD increase, P0.05). In addition, low plasma SFRP5 level 

was also associated with increased CIMT in hypertensives 

(OR 0.65, 95% CI 0.45–0.96 per 1 SD increase, P0.05). 

Of note, there was no significant association with cardiac 

and renal TOD.

Discussion
In this study, we demonstrated the following: 1) plasma 

SFRP5 level was inversely associated with multiple CVD 

risk factors, and 2) low plasma SFRP5 level was consistently 

and significantly associated with increased arterial stiffness, 

among asymptomatic TODs.

SFRP5 has been previously linked to metabolic dysfunc-

tions including obesity and diabetes, which were recognized to 

contribute to the CVD. Studies in humans showed an inverse 

association between SFRP5 and DM,11–13,25 and Ouchi et al10 

also reported a protective role of SFRP5 in type 2 diabetes 

in mice. Conversely, other studies reported a positive14 or 

no association15 between SFRP5 and DM. The discrepancies 

occurred possibly due to the different study designs. Most 

of the previous studies enrolled hospital-based patients in 

small sample sizes and the studies varied in their adjustment 

for potential confounders.11–15 Whereas, our observation 

was consistent with another large population-based study,25 

suggesting a negative correlation between plasma SFRP5 

and diabetes. In addition, previous studies found that higher 

SFRP5 level was associated with lower BMI and lower 

WHR,11–13 which was in line with our findings. Considering 

that gender is not only a risk factor for CVD but also may 

affect adipokine expression, we compared plasma SFRP5 

level between genders and found SFRP5 level was lower 

in men. In contrast, other studies showed no difference in 

SFRP5 level between different genders.11,15,21 Unlike our large 

population-based study, these studies were mostly based 

on relatively small sample sizes. Therefore, we speculated 

SFRP5 may possess gender–specific activity.

Further, we assessed the association between plasma 

SFRP5 and asymptomatic TOD. To our knowledge, this 

is the first study to investigate the relationship between 

SFRP5 and all asymptomatic TODs in a large population. 

Asymptomatic TODs are of great importance as a prevalent 

prodrome in the development of CVD, and the presence of 

asymptomatic TOD is associated with CVD mortality. In this 

study, plasma SFRP5 was found to be inversely associated 

with PWV and CIMT, which represent arterial TOD, and 

lower plasma SFRP5 level was associated with increased 

arterial stiffness, especially in hypertensives.

PWV has been widely accepted in clinical practice as a 

gold standard of arterial stiffness, which was recognized as 

an important predictor of CVD and mortality.35–37 Addition-

ally, CIMT, another arterial TOD marker, has also been 

shown to predict cardiovascular risks and influence arterial 

stiffening.38 In hypertensive individuals, increased BP can 

increase arterial stiffness.39,40 It was indicated that increased 

arterial stiffness is related to elastin depletion and collagen 

deposition in elastic arteries, which can further increase the 

BP, leading to a vicious cycle.40,41 In literature, hypertension 

and arterial stiffness are closely associated with age, which 

is an independent risk factor for CVD.42,43 Therefore, the 

evaluation of arterial stiffness is of great clinical importance 

in the elderly.

Our findings about the relevance of SFRP5 with TOD in 

the elderly suggested that plasma SFRP5 level might have 

Figure 2 relationship of sFrP5 with male gender, smoking, hypertension, diabetes, 
CVD, and obesity.
Note: *P0.01.
Abbreviations: CVD, cardiovascular disease; sFrP5, secreted frizzled related 
protein 5.

Table 3 Correlation of sFrP5 with target organ damage

Target organ damages SFRP5

r P-value

left ventricular mass index −0.05 0.06
e/ea −0.02 0.47
Carotid intima–media thickness −0.06 0.01
Pulse wave velocity −0.06 0.01
Urinary albumin–creatinine ratio −0.01 0.81
Estimated glomerular filtration rate −0.01 0.62

Notes: e/ea: peak transmitral pulsed Doppler velocity/early diastolic tissue Doppler 
velocity. The model is age adjusted.
Abbreviation: sFrP5, secreted frizzled related protein 5.
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a potential role in predicting arterial stiffness in the elderly. 

However, there is no other available data on the association 

between SFRP5 and TOD. More studies are needed to iden-

tify the importance of SFRP5 in CVD, especially in arterial 

stiffness in the elderly.

limitations
Findings of our study need to be interpreted within the 

context of its limitations. One main concern is that SFRP5 

is an adipokine secreted by the adipose tissue and the pos-

sible ethnic difference of SFRP5 secretion should be noted. 

In addition, NSS is a cross-sectional study and we focused 

on the association between SFRP5 and TOD, but without any 

intervention or causality interpretation. Nonetheless, with 

ongoing follow-up studies, we may provide some prospective 

data in the near future.

Conclusion
Plasma SFRP5 level was inversely correlated with conven-

tional cardiovascular risk factors, and low plasma SFRP5 

was also significantly associated with arterial stiffening in 

the elderly.
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