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Abstract

Background
Serum alkaline phosphatase (ALP) has been recognized as a biomarker of cardiovascular disease (CVD)
risk or mortality, recently. This study aimed to explore the association of ALP with arterial stiffness and
10-year CVD risk.

Methods
A total of 12539 participants without CVD who underwent health examinations including serum ALP level
were retrospectively analyzed. Arterial stiffness was measured by brachial ankle pulse wave velocity
(baPWV) and10-year CVD risk was evaluated by Framingham risk score (FRS).

Results
All participants were strati�ed into four groups according to the quartile of serum ALP. Participants with
high ALP quartiles had higher cardiovascular parameters and baPWV, as well as an increase 10-year CVD
risk. Logistic regression analysis showed that serum ALP was an independently risk factor for elevated
baPWV and 10-year CVD risk after adjustment for traditional CVD risk factors in both women and men. In
receiver operating characteristic (ROC) curve analysis, the area under the ROC curve (AUROC) of serum
ALP for predicting elevated baPWV was 0.740 (95%CI 0.726–0.754, P < 0.001) in women, larger than that
in men.

Conclusions
Serum ALP is independently associated with arterial stiffness and 10-year CVD risk in the general Chinese
population. Our results also imply the better performance of serum ALP in women than men for
predicting subclinical atherosclerosis.

Background
With rapid economic growth and the aging of the population, the prevalence of cardiovascular disease
(CVD) has rapidly and substantially increased in China. There were an estimated 93.8 million prevalent
cases of CVD overall during 2016 in China, more than twice that of 1990 (40.6million) [1]. CVD is a
leading cause of death in China, being the cause of 40% of deaths in the Chinese population [2],
representing a major public health concern and severe economic burden. Despite improved
understanding and treatment of its risk factors (e.g. diabetes and dyslipidemia), the prevalence of CVD
has rapidly increased. Hence, investigation of additional modi�able risk factors is urgently needed.
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Alkaline phosphatase (ALP) is an orthophosphate monoester phosphohydrolase and commonly
measured in clinical practice as a marker of hepatic or bony disease. Recently, a growing body of
evidences have demonstrated that high ALP level, even within the normal range, is signi�cantly correlated
with risk of CVD [3, 4]. Furthermore, population-based studies have suggested that elevated ALP level is a
risk factor for all-cause and cardiovascular mortality in people with or without kidney disease [5, 6]. The
China National Stroke Registry has indicated that ALP may be an independent predictor of all-
cause mortality, stroke recurrence, composite end point, and poor functional outcome after stroke [7].
Extensive evidence has indicated that brachial-ankle pulse wave velocity (baPWV) is a reliable marker of
subclinical atherosclerosis and may be a predictor of cardiovascular events [8, 9]. The Framingham risk
score (FRS) is the most applicable method to evaluate CVD risk and to predict the cumulative 10-year
CVD risk [10]. Although the association between ALP levels and CVD risk has been widely investigated,
there is limited data on the association of ALP levels with baPWV and FRS. Therefore, the aim of the
current study is to explore the association of ALP levels with baPWV and FRS in a general Chinese
population.

Methods
Study Participants

This study represented a retrospective analysis of 12539 participants who underwent a health
examination at the Health Promotion Center of the First A�liated Hospital of Nanjing Medical University,
between September 2017 and December 2019. We excluded participants with known hepatic, biliary or
bone disease, the previous history of cardiovascular events, cerebrovascular accident, malignancy,
systemic acute or chronic in�ammatory diseases, and reduced renal function with a serum creatinine >
133umol/l. The study was approved by the Human Research Ethics Committee of the First A�liated
Hospital of Nanjing Medical University and was conducted in accordance with the Declaration of
Helsinki.

Data collection

Each participant completed a standard questionnaire to self-report their smoking habit, history of acute
and chronic illnessesand drug use. Weight, height, and blood pressure were measured in accordance with
international standards. The body mass index (BMI)=weight (kg)/height (m)2. All blood samples were
obtained from the antecubital vein after 10-hour overnight fast. Routine biochemical analyses including
lipid pro�le, fating blood glucose, renal function and serum ALP level were measured by enzymatic
methods (Chemistry Analyzer Hitachi 7020, Japan). Glycated hemoglobin A1c (HbA1c) values were
measured by high‐performance liquid chromatography.

BaPWV Measurement

VP-1000 automated PWV/ABI analyzer was used to measure baPWV. Brie�y, the participants were
examined in the supine position after resting for 10-15 minutes. BaPWV was measured as previously
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described [11]. We collected date including ΔTba and La-Lb, and calculated baPWV. ΔTba was expressed
in the time interval between the brachial and ankle waveforms. La-Lb was expressed in the distance
between the brachium and the ankle estimated automatically according to the subject’s height. baPWV
was calculated as (La-Lb)/ΔTba. The average value of left and right baPWV was used for analysis.

Framingham 10‐year risk estimation

Framingham risk score (FRS) is a simpli�ed and common tool for the assessment of risk level of CVD
over 10 years. FRS were calculated based on the six coronary risk factors including age, sex, total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), systolic blood pressure (SBP) (treated or
untreated), smoking habits in men and women, separately [12]. Absolute CVD risk percentage over
10 years was classi�ed as low risk (< 10%), intermediate risk (10–20%), and high risk (> 20%).

Statistical analysis

Continuous variables were expressed as mean ± SD and categorical variables were expressed as
percentages (numbers). One-way ANOVA was used to compare means and the Pearson chi-square test
was used to compare proportions. Age-adjusted baPWV means and standard errors were calculated
using analysis of covariance (ANCOVA) according to serum ALP quartiles. Pearson’s correlation was used
to analysis the bivariate correlation between baPWV, Framingham risk score and clinical variables. The
binary logistic regression analysis was performed to investigate the independent association of serum
ALP level with high baPWV (0=normal baPWV, 1=high baPWV) and the 10-year CVD risk (0=low risk,
1=intermediate or high risk). Receiver operator characteristic (ROC) analyses were performed to calculate
area under the ROC curve (AUROC) of serum ALP level for incident high baPWV. Dose-response
association of serum ALP level with baPWV and elevated baPWV were conducted using generalized
additive model (GAM) and a �tted smoothing curve (penalized spline method). All data analyzed were
using SPSS18.0 statistical software and Empower (R). The tests were considered signi�cant when the P-
value was <0.05.

Results
Baseline characteristics of the study population

The study included 12539 participants (6915men and 5624 women) with a mean age of 49.31±9.91
years. Demographic and clinical characteristics of the study population are listed in Table 1. Participants
were strati�ed into four groups based on their ALP levels. Participants in the upper quartiles of ALP levels
were more likely to older and male than those in the lower quartiles of ALP levels. The proportion of
smoking, BMI, SPB, DBP, WBCC, neutrophil count, FBG, HbA1c, TC, TG, LDL-C, ALT, AST and GGT were
higher, while HDL-C was lower in the upper quartiles of ALP levels than those in the lower quartiles of ALP
levels.

BaPWV and the 10-year CVD risk compared across the quartiles of ALP levels
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Age-adjusted mean baPWV signi�cantly increased with increasing quartiles of ALP levels in the overall
population (1233.99±207.23 vs 1311.92±216.44 vs 1344.09 ±227.62 vs1420.91±258.95cm/s, P<0.001).
This phenomenon was also observed in men (1333.39±194.39 vs 1352.06±200.78 vs 1362.04±221.86 vs
1413.57±256.29cm/s, P<0.001) and women (1140.60±171.11vs 1236.83±220.92 vs 1316.32±238.51 vs
1434.23±264.27cm/s, P<0.001) (Figure1). Figure 2 showed the association between serum ALP level and
FRS categories among participants. As shown in this �gure, the prevalence of the high CVD risk was
signi�cantly higher in the high serum ALP level group than in the low level group, while the prevalence of
the low CVD risk was signi�cantly higher in the low serum ALP level group than in the high level group.

Association between baPWV, Framingham risk score and clinical variables

Pearson’s correlation analysis showed that baPWV was positively correlated with age, BMI, SPB, DBP,
WBCC, neutrophil count, FBG, HbA1c, TC, TG, LDL-C, uric acid, creatinine, ALT, AST, GGT and ALP, while
negatively correlated with HDL-C. The relationships between Framingham risk score and clinical
variables, including ALP were similar as the associations between baPWV and clinical variables (Table 2)

Serum ALP level and the risk of elevated baPWV

Elevated baPWV was de�ned as a value greater than the cut-off level between the third and fourth
quartiles (> 75th percentile) of baPWV, which was 1457 cm/s for all participants, 1481cm/s for men and
1420 cm/s for women. After adjusting for age, smoking status, BMI, SPB, DBP, WBCC, neutrophil count,
FBG, HbA1c, TC, TG, LDL-C, HDL-C and uric acid, serum ALP level was independently associated with
elevated baPWV in all participants (OR=1.012, 95%CI 1.009-1.015, P<0.001), in men (OR=1.011, 95%CI
1.008-1.015, P<0.001) and in women (OR=1.013, 95%CI 1.008- 1.017, P<0.001), respectively.

Overall, there were signi�cant positive associations of serum ALP level with baPWV and elevated baPWV
(Fig. 3 a, b). Per 1 unit increment in serum ALP level, baPWV is changed in 0.998 m/s (95% CI 0.821-
1.138, P<0.001) according to the estimation from regression coe�cients indication, and the odds ratios
(OR) of the risk of elevated baPWV was 1.134 (95% CI 1.103-1.165, P<0.001).

Binary logistic regression analysis showing the independent contribution of serum ALP level to the 10-
year CVD risk

As Framingham risk score was calculated by age, sex, smoking status, SBP, TC and HDL-C, we only
adjusted for BMI, DBP, WBCC, neutrophil count, HbA1c, FBG, TG, LDL-C and uric acid in the binary logistic
regression. Serum ALP level was independently associated with the 10-year CVD risk in all participants
(OR=1.004, 95%CI 1.002-1.006, P<0.001), in men (OR=1.007, 95%CI 1.004-1.009, P<0.001) and in women
(OR=1.021, 95%CI 1.013-1.029), P<0.001), respectively, after adjusted for confounding variables.

Performance of serum ALP level for diagnosing subjects with elevated baPWV

We further conducted a ROC curve analysis to assess the diagnostic value of serum ALP level (Figure4
and Figure5). The area under the ROC (AUROC) curve to analyze the ability of serum ALP level to predict



Page 7/18

elevated baPWV was 0.740 (95%CI 0.726-0.754, P<0.001) in women and the optimal cut-off point for
serum ALP level was 84U/L (sensitivity: 71.2 %, speci�city: 63.4%). The AUROC value of serum ALP level
[0.575 (95%CI 0.559-0.590), P<0.001] for predicting elevated baPWV in men was relatively smaller than
that in women, which indicated that serum ALP level was an acceptable predictor of elevated baPWV only
in women.

Discussion
Here for the �rst time, we demonstrated the association of serum ALP level with arterial stiffness and 10‐
year CVD risk in a lager Chinese population. A major �nding of our study was that serum ALP level was
positively associated with baPWV as a marker of arterial stiffness and 10‐year CVD risk evaluated by
FRS, independent of classical cardiovascular risk factors in both women and men. Furthermore, gender
differences in the effect of serum ALP level on predicting elevated baPWV was reported in the current
study.

Alkaline phosphatase (ALP) is mainly expressed in bone, liver, and kidney. Besides the role in increasing
ALP level for hepatic or bony disease, elevated ALP is also signi�cantly associated with other diseases
including metabolic syndrome, diabetes and non-alcoholic fatty liver disease [13-15], all of which are risk
factors for CVD [16, 17]. In this regard, there is a growing interest in the relationship of ALP level with CVD.
A meta-analysis of prospective cohort studies showed that each standard deviation increment in the
baseline ALP was associated with 8% greater risk of CVD [18]. A prospective population-based study
found that ALP level >179IU/L was associated with over 30% higher risk of CVD, independent of several
established traditional CVD risk factors [19]. Two prospective cohort study conducted in a German and
Iranianpopulation, respectively, have demonstrated that elevated ALP is independently associated with
the risk of all-cause mortality in patients with coronary heart disease [19, 20]. Moreover, medicine such as
extra-terminal (BET) protein inhibitor apabetalone lowing serum ALP level is paralleled by a reduction of
risk of cardiovascular events [21]. In view of the robust evidence presented in the review, Haarhaus M et
al, proposed that ALP was an evolving treatment target for CVD and metabolic syndrome [22]. Thus, ALP
is not only a marker of cardiovascular risk but also a novel treatment target for CVD. BaPWV is a simple,
noninvasive method which correlates well with arterial stiffness, and it is also a useful tool for identifying
a subgroup in the population that are at increased risk for cardiovascular events [23]. However, there are
limit date about the association between serum ALP and baPWV, especially in a large Chinese population.
To the best of our knowledge, there is only one study about the correlation between serum ALP and
baPWV in Korean adults [24], but the sample of this study was relatively small and did not calculate the
cut-off value of serum ALP for high baPWV. In the present study, which was conducted in a relatively
large number of Chinese adults, we found that serum ALP level was positively correlated with baPWV,
which was consistent with the study conducted in Korean adults [24]. In addition, we also found that
elevated ALP level was an independent risk factor for high baPWV for both men and women even
adjustment for traditional CVD risk factors, demonstrating that serum ALP level can be an important
biomarker of subclinical atherosclerosis. Furthermore, we observed signi�cant gender differences in the
predict value of serum ALP level for high baPWV. By ROC curve analysis, the AUROC of serum ALP level
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to predict high baPWV was 0.740 (95%CI 0.726-0.754) in women, larger than that in men (0.575,
95%CI0.559-0.590). This result implied that serum ALP level predictability of high baPWV could be better
in women than in men. Consistent with our �ndings, there have been several previous studies indicating
the gender difference of cardiovascular risk-predictive value of screening tools. Nakagomi A et al. found
that all insulin surrogate markers including triglyceride glucose (TyG) index were also associated with
increased baPWV and the associations were stronger in women than in men [25]. Rhee TM et al. showed
that baPWV was positively correlation with four cardiovascular different risk scores and the correlation
was stronger in women than in men [26]. A systematic review and meta-analysis also found that serum
uric acid was positively association with baPWV in women, but not in men [27]. Along with these �ndings,
our result highlights the evidence to support more powerful predicted value of serum ALP level for high
baPWV in women than in men. The pathophysiology of the gender difference in high baPWV prediction
by serum ALP has not yet been clearly understood and needs further study. Although underlying
mechanisms of the association of ALP with baPWV are not properly known, some causes were
suggested including endothelial dysfunction, vascular calci�cation, in�ammation, Vitamin D de�ciency
[22, 28, 29]. On the other hand, elevated ALP levels could be caused by non-alcoholic fatty liver disease
(NAFLD). It is well established that NAFLD is closely associated baPWV [30]. Further studies on precise
mechanism of ALP responsible for subclinical atherosclerosis are warranted.

The Framingham risk score (FRS) is a simpli�ed and has been widely used in different populations to
estimate the 10-year risk of CVD [31, 32]. A limited number of studies have assessed the association
between serum ALP level and FRS. In the present study, we found that the prevalence of the high CVD risk
was increased along with the increased level of serum ALP. Meanwhile, the prevalence of the low CVD risk
was decreased along with the increased level of serum ALP. Of note, we also found that serum ALP level
was an independent risk factor of intermediate or high 10-year CVD risk after adjusting for confound
factors.

This study has several limitations. Firstly, it is di�cult to determine whether serum ALP causative effect
on arterial stiffness because of the cross-sectional design. Thus, further prospective study is warranted to
explore whether participants with high ALP will develop arterial stiffness in future. Secondly, we did not
detect in�ammatory factors such as C-reactive protein (CRP) and TNF, so the potential role of ALP in
arterial stiffness via in�ammation could not be studied. Thirdly, the participants in the current study were
enrolled in a single hospital for health examination, thus the generalizability of the results may be
di�cult.

Conclusion
Serum ALP level was positively associated with arterial stiffness measured by baPWV and 10‐year CVD
risk evaluated by Framingham risk score in the general Chinese population. Serum ALP could perform
better in predicting subclinical atherosclerosis of healthy population, especially for women. Prospective
and multi-center studies are needed to con�rm our results.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakagomi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31668590
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rhee%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=29540053
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Q1 (lowest) Q2 Q3 Q4 (highest) P value
3294 3103 3014 3128  

(years) 46.00±9.02 48.88±9.70 50.11±9.73 52.45±10.07 <0.01
(male/Female) 1481/1813 1835/1268 1843/1171 1756/1372 <0.01
oking (n, %) 418(12.69) 559(18.01) 650(21.57) 689(22.02) <0.01
I (kg/m2) 23.86±3.25 24.71±3.14 24.82±3.13 24.95±3.16 <0.01
P (mmHg) 121.14±15.83 125.77±16.47 127.71±16.51 132.08±17.75 <0.01
P (mmHg) 74.74±11.39 77.39±11.06 78.32±11.06 80.02±11.12 <0.01

CC (109/L) 5.54±1.36 5.70±1.42 5.79±1.51 6.03±1.58 <0.01

utrophil
nt(109/L)

3.21±1.06 3.31±1.09 3.37±1.17 3.54±1.22 <0.01

G (mmol/L) 5.29±0.82 5.43±1.04 5.56±1.22 5.74±1.64 <0.01
A1c (%) 5.48±0.52 5.59±0.62 5.64±0.70 5.80±0.95 <0.01
(mmol/L) 5.26±1.01 5.33±1.02 5.41±1.05 5.46±1.10 <0.01
(mmol/L) 1.47±1.05 1.71±1.21 1.86±1.49 2.00±1.53 <0.01
L-C(mmol/L) 3.23±0.75 3.31±0.76 3.38±0.76 3.41±0.78 <0.01
L-C(mmol/L) 1.40±0.32 1.33±0.30 1.31±0.30 1.30±0.30 <0.01
c acid (umol/l) 315.81±88.31 338.68±87.13 341.80±85.21 336.19±82.47 <0.01
atinine

mol/l)
65.19±13.92 68.64±14.57 68.68±14.13 67.44±14.17 <0.01

T(U/L) 19.76±12.70 23.43±14.92 25.45±15.49 27.46±17.93 <0.01
T(U/L) 21.33±7.23 23.02±8.13 23.95±8.09 25.35±9.55 <0.01
T(U/L) 26.10±20.91 30.69±23.28 33.53±25.33 37.12±28.84 <0.01
P(U/L) 57.72±7.45 74.15±3.71 87.54±4.22 111.48±14.73 <0.01

Values are presented as mean ± standard deviation.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBCC,
white blood cell count ; FBG, fasting blood glucose ; TC, total cholesterol; TG,
triacylglyceride; LDL-C, high-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol ;  ALT, alanine aminotransferase; AST, aspartate transaminase;
GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase
 
Table 2 Correlation between baPWV, Framingham risk score and clinical variables
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baPWV Framingham risk score
r P r P

years) 0.544 <0.001 0.431 <0.001
(kg/m2) 0.184 <0.001 0.287 <0.001
(mmHg) 0.620 <0.001 0.346 <0.001
(mmHg) 0.492 <0.001 0.332 <0.001
C (109/L) 0.098 <0.001 0.191 <0.001

rophil count(109/L) 0.100 <0.001 0.145 <0.001
(mmol/L) 0.258 <0.001 0.235 <0.001
1c (%) 0.271 <0.001 0.243 <0.001
mmol/L) 0.111 <0.001 0.178 <0.001
mmol/L) 0.170 <0.001 0.291 <0.001
C(mmol/L) 0.199 <0.001 0.212 <0.001
-C(mmol/L) -0.120 <0.001 -0.305 <0.001
acid (umol/l) 0.167 <0.001 0.333 <0.001
tinine (umol/l) 0.132 <0.001 0.378 <0.001
U/L) 0.111 <0.001 0.156 <0.001
U/L) 0.135 <0.001 0.106 <0.001
(U/L) 0.178 <0.001 0.284 <0.001
U/L) 0.315 <0.001 0.170 <0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBCC,
white blood cell count ; FBG, fasting blood glucose ; TC, total cholesterol; TG,
triacylglyceride; LDL-C, high-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol ;  ALT, alanine aminotransferase; AST, aspartate transaminase;
GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; baPWV, brachial ankle
pulse wave 
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Figure 1

Age adjusted BaPWV compared across the ALP levels quartiles for all participants, men, and women
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Figure 2

Percentages of 10-CVD risk categorise compared across the quartiles of the ALP levels
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Figure 3

Dose–response relationship between serum ALP level and baPWV. (a) Serum ALP level and baPWV; (b)
Serum ALP level and elevated baPWV.

Figure 4

The area under the ROC (AUROC) of the ALP level for predicting high baPWV in women
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Figure 5

The area under the ROC (AUROC) of the ALP level for predicting high baPWV in men


