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Association between Serum ALP Levels, and Carotid
Plaque and ECAS

We examined the correlation of serum ALP
levels with carotid plague and ECAS. As shown in
Table 2, the prevalence of carotid plaques increased
gradually from the lowest to the highest quintile
(from 6.19% to 16.19% on the left side and from
4.49% to 13.65% on the right side, all P < 0.0001).
The unadjusted risks of carotid plaques were
significantly elevated in the higher quintiles,
compared to the reference (the lowest quintile).
However, after adjusting for confounding covariates,
the association between carotid plaques and ALP

Therefore, our data indicate that there is no
significant link between ALP levels and carotid
plaques.

Using the first ALP quintile as the reference, we
found that the ORs for ECAS in the second, third,
fourth, and fifth quintile were 1.77 (95% CI:
1.34-2.33), 1.65 (95% CI: 1.25-2.18), 1.880 (95% CI:
1.43-2.48), and 2.47 (95% CI: 1.88-3.23),
respectively. In addition, the OR for ECAS in the fifth
quintile was 1.47 (95% CI: 1.09-1.97, P = 0.0106)
after adjusting for age, sex, BMI, hypertension,
diabetes mellitus, eGFR, myocardial infarction,
stroke, smoking, alcohol drinking, lipid profile,
education level, family income, and statin therapy

quintiles was no longer significant (Table 3). (Table 4).

Table 2. Comparison of Common Carotid IMT and Carotid Plaque Across different ALP Levels

ALP Quintiles Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P Value
Left
Mean common carotid IMT, mm 0.69+0.13 0.73+0.16 0.74+£0.20 0.76 £0.16 0.78£0.18 <0.0001
Carotid plaque, % 40 (6.19) 67 (10.67) 70 (10.14) 83(12.91) 102 (16.19)  <0.0001
Right
Mean common carotid IMT, mm 0.68+0.13 0.72+0.16 0.73+£0.18 0.76 £0.20 0.76 £0.16 <0.0001
Carotid plaque, % 29 (4.49) 60 (9.55) 69 (10.00) 78 (12.13) 86 (13.65) <0.0001
Note. IMT: Intima media thickness; ALP: alkaline phosphatase.
Table 3. Risk of Abnormal Common Carotid IMT or Carotid Plague Across ALP Quintiles
ALP Unadjusted Adjusted
OR 95% CI P value OR 95% CI P value
Mean common carotid IMT > 0.9 mm
Quintile 1 reference - - - - -
Quintile 2 2.14 1.38-3.32 0.0007 1.53 0.95-2.47 0.0812
Quintile 3 2.34 1.52-3.59 0.0001 1.47 0.92-2.34 0.1085
Quintile 4 3.24 2.14-4.93 < 0.0001 1.78 1.13-2.82 0.0135
Quintile 5 3.45 2.27-5.23 < 0.0001 1.82 1.15-2.87 0.0110
Carotid plaques
Quintile 1 reference - - - - -
Quintile 2 1.90 1.34-2.68 0.0003 1.28 0.87-1.88 0.2072
Quintile 3 1.92 1.37-2.70 0.0002 1.12 0.77-1.64 0.5438
Quintile 4 2.45 1.75-3.41 < 0.0001 1.23 0.84-1.78 0.2895
Quintile 5 2.77 1.99-3.85 < 0.0001 1.27 0.88-1.85 0.2071

Note. The lowest quintile (quintile 5) was used as the reference. IMT: Intima media thickness; ALP: alkaline
phosphatase; OR: odds ratio; CI: confidence interval.

Table 4. Risk of ECAS Across different ALP Quintiles

Unadjusted Adjusted
ALP OR 95% ClI Pvalue OR 95% CI Pvalue
Quintile 1 reference - - reference - -
Quintile 2 1.77 1.34-2.33 <0.0001 1.30 0.96-1.74 0.0864
Quintile 3 1.65 1.25-2.18 0.0004 1.11 0.83-1.49 0.4896
Quintile 4 1.88 1.43-2.48 <0.0001 1.20 0.90-1.62 0.2180
Quintile 5 2.47 1.88-3.23 <0.0001 1.47 1.09-1.97 0.0106

Note. ALP: alkaline phosphatase; OR: odds ratio; CI: confidence interval; ECAS: extracranial carotid artery
stenosis.
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DISCUSSION

In this largest cross-sectional study regarding
the relationship between serum ALP levels and
carotid atherosclerosis, we found that compared to
the lowest ALP quintile, elevated ALP levels are
associated with higher common carotid IMT values
and higher risk of ECAS.

Previously, a meta-analysis of 24 trials including
147,634 participants identified a linear correlation of
serum ALP levels with the risk of cardiovascular
events and mortalitylzs]. However, the relationship
between ALP and subclinical atherosclerosis,
particularly  carotid  atherosclerosis, remains
ambiguous. A case-control study comparing 56
obese adolescents and 58 controls found a positive
correlation between ALP and carotid IMT using
univariate analysis[w]. However, after adjusting for
confounding factors, ALP, as well as other liver
enzymes, were no longer associated with carotid
IMT™ In contrast, another cross-sectional study
comprising 79 African men with hypertension
demonstrated that carotid IMT positively correlated
with ALP after adjusting for covariates™’. Although
the exact reasons underpinning these discrepant
findings are unclear, it is highly likely that the small
sample size and the difference in study populations
affected the outcomes. Our study was a
community-based study with a large sample size,
which allowed us to draw solid conclusions regarding
the correlation between serum ALP and subclinical
atherosclerosis.

Vascular calcification and inflammation are the
two major probable mechanisms linking circulating
ALP levels to cardiovascular mortalitym]. Several
epidemiological studies have shown that C-reactive
protein modulates the relationship between serum
ALP and cardiovascular events?”?. In vitro studies
have also demonstrated associations between ALP
and mediators of inflammation (especially tumor
necrosis factor) in different cell lines3Y, Moreover,
serum ALP levels were shown to be correlated with

endothelial  dysfunction in patients  with
hypertensionm]. Another study found that
overexpression of tissue non-specific ALP in

endothelial cells could promote pathophysiological
vascular calcification®>. Collectively, these findings
indicate that serum ALP levels are correlated with
systemic inflammation, endothelial dysfunction, and
vascular calcification.

It is well established that compared to healthy
individuals, individuals with NAFLD have a higher risk

of cardiovascular events. Thus, NAFLD has been
considered an independent risk factor for
cardiovascular disease®**. Similar to the case for
multiple liver markers, elevated ALP levels could be
caused by NAFLD. However, our subgroup analyses
indicated that the associations between ALP and IMT
were similar in participants with and without NAFLD.
In contrast, the association between ALP and
cardiovascular disease was robust in patients with
chronic kidney disease[ZG], which may be attributed
to the role of ALP in skeletal mineralization. In our
study, the ALP-linked risks of carotid atherosclerosis
were independent of renal function and consistent
across different eGFR subgroupsm].

Vitamin D deficiency is a common reason for
elevated ALP. Epidemiological studies demonstrate
an unequivocal association between vitamin D
deficiency, and cardiovascular morbidity and
mortality[%]. Further research has indicated that
vitamin D is associated with the development and
progression of atherosclerotic cardiovascular disease,
including response to oxidative stress®”! vascular

smooth muscle functiont], endothelial functiont],

renin-angiotensin-aldosterone system activation[4°],
and insulin metabolism™*. Thus, vitamin D could
be a potential confounder for the effect of ALP
on carotid atherosclerosis. However, recent vitamin
D supplement trials failed to show clear
improvements in blood pressure, insulin sensitivity,
and lipid parameters[“], as well as cardiovascular
disease!.

Our study has several limitations. First, this was
a cross-sectional study that failed to determine the
cause-effect association between ALP and carotid
atherosclerosis. Second, although we adjusted for
several traditional risk factors, it is highly likely that
residual confounders such as vitamin D and systemic
inflammation still exist. Third, this was a
community-based study, and thus, it is unclear
whether our findings can be extrapolated to the
general population.

CONCLUSIONS

In conclusion, we found a positive correlation
between serum ALP levels and common carotid IMT
in a Chinese population, which was independent of
traditional cardiovascular risk factors. Higher ALP
levels were also associated with increased risk of
ECAS. However, these conclusions need to be
further corroborated in future prospective cohort
studies.
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Supplementary Table S1. Comparison of Characteristics between Included and Excluded Participants

Characteristics Included Population Excluded Population P Value
Number 3,237 1,383 <0.0001
Age, year 53.55+8.58 51.89+8.70 <0.0001
Male, % 1,576 (48.69) 736 (53.22) 0.0048
BMI, kg/m2 24.97 +3.24 25.07 +3.53 0.5446
Hypertension, % 760 (23.48) 289 (20.90) 0.0550
Diabetes, % 269 (8.31) 107 (7.74) 0.5139
eGFR, Ml-min™ 1.73 m™ 88.18+12.99 90.02 +13.28 <0.0001
Myocardial infarction, % 23(0.71) 17 (1.23) 0.0814
Stroke, % 87 (2.69) 29 (2.10) 0.2398
Current smoker, % 773 (23.88) 391 (28.27) 0.0016
Heavy alcoholism, % 26 (0.80) 15 (1.08) 0.3503
Total cholesterol, mmol/L 4.71+0.90 467 £0.91 0.1162
LDL-C, mmol/L 2.65+0.60 2.62+0.63 0.0988
TG, mmol/L 1.73+1.43 1.72+1.48 0.8393
HDL-C, mmol/L 1.21+0.27 1.20+0.28 0.4096
Statins therapy, % 56 (1.73) 16 (1.16) 0.1498
Education level 0.0004

llliteracy/primary/middle school 1,035 (31.97) 377 (27.26)

High school 1,049 (32.41) 436 (31.53)

College/University 1,153 (35.62) 570 (41.21)

Income, 0.0083

<3,000 1,605 (49.58) 659 (47.65)

3,001-5,000 1,442 (44.55) 609 (44.03)

> 5,000 190 (5.87) 115 (8.32)

ALP level, U/L 71.39+20.35 70.30 + 24.06 0.0493

Note. ALP: alkaline phosphatase; BMI: body mass index; eGFR: estimated glomerular filtration rate;
LDL-C: low density lipoprotein cholesterol; TG: triglyceride; HDL-C: high density lipoprotein cholesterol.

Adjusted Odd Ratios

95% Confidence Interval

P for Interaction

Sex
Male
Female
Age
<65 years
> 65 years
Estimated glomerular filtration rate (eGFR)
<50th
> 50th
Nonalcoholic fatty liver disease (NAFLD)
Yes
No
Metabolic syndrome
Yes
No

1.09
1.26

1.14
1.23

1.08
1.19

1.13
1.14

1.10
1.14

0.1644
0.97-1.21
1.05-1.51

0.3846
1.03-1.26
1.00-1.51

0.8495
0.96-1.22
1.03-1.38

0.8362
1.00-1.27
0.98-1.33

0.2544
0.97-1.25
0.99-1.32




