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ABSTRACT

Objectives To investigate the association of alkaline
phosphatase (ALP) levels with the risk of the composite
end point of cardiovascular disease (CVD), and all-cause
mortality as well as each of them separately.

Design Prospective cohort study.

Setting Within the framework of the Tehran Lipid and
Glucose Study (TLGS) cohort, participants were followed
from baseline examination (1999-2001) until March 2014.
Participants A total of 2578 participants, aged >30 years
free of prevalent CVD at baseline examination.

Primary outcome The main outcome measures were
composite end point of coronary heart disease (CHD),
stroke, all-cause mortality and each per se.

Results During a median follow-up of 11.3 years, 369,
68, 420, 170 and 495 participants experienced CHD,
stroke, CVD, all-cause mortality and the composite
outcome, respectively. In the multivariable Cox regression
models, the adjusted HRs (95% Cl) for mentioned events
per one SD increase in ALP level after full adjustment were
1.11 (1.01 t0 1.22), 1.20 (0.97 to 1.49, p=0.058), 1.10
(1.01t01.21),1.16 (1.01 to 1.33) and 1.11 (1.02 to 1.21),
respectively. Furthermore, participants with ALP levels in
the highest tertile had significant adjusted HRs (95% CI) for
stroke (1.88 (1.00 to 3.61)), CVD (1.30 (1.01 to 1.68)) and
composite outcome (1.27 (1.00 to 1.61)). The cut-off value
of ALP >199U/L for predicting composite outcome was
derived using Youden’s index, based on which this cut-off
point was associated with significant risk of 80%, 26%,
43% and 26% for incident stroke, CVD, all-cause mortality
and composite outcome. Additionally, no improvement
was seen in the predictive ability of traditional risk

factors models after adding ALP values, considering the
levels of Akaike information criterion, C-index and Net
Reclassification Index.

Conclusion Independent associations between ALP levels
and the risks of CVD and mortality events were shown,
despite the fact that adding the data of ALP to known risk
factors did not improve the prediction of these events.

INTRODUCTION

Heart disease-related mortality is the leading
cause of death in the USA and world-
wide." * According to our previous study, the

Strengths and limitations of this study

» This study is a a population-based cohort with large
sample size and a long-term follow-up years among
general population.

» The study evaluated different covariates with re-
liable methods and assessed different outcomes
including coronary heart disease, stroke, cardiovas-
cular disease (CVD) and all-cause mortality.

» This study is the first community-based prospective
cohort in a Middle Eastern population with high inci-
dence and burden of CVD that assessed the associ-
ation between alkaline phosphatase (ALP) level and
different outcomes.

» Information regarding some confounding factors in-
cluding Parathyroid Hormone (PTH), C reactive pro-
tein, vitamin D and liver enzymes were not available
in the database; these factors could affect the asso-
ciation between ALP and different outcomes.

incidence of coronary heart disease (CHD)
in an Iranian population is comparable with
that of the peak years of CHD incidence
(1971-1989) in the USA.? In addition, over
40% of deaths among Iranian population
are related to cardiovascular disease (CVD),
approximately 20% of adults aged 230 years
had symptoms or signs of CHD" and over 70%
of them had at least one CHD risk factor.”
There is increasing evidence that coagu-
lation and inflammatory factors play major
roles in the pathogenesis of CVD by initi-
ating and facilitating the development of
atherothrombotic ~ mechanisms.”  During
the past decade, serum alkaline phospha-
tase (ALP), an inflammatory marker,7 has
emerged as a novel marker for the risk of
CVD in the general population in several
studies.” " Recently, results of two meta-anal-
yses conducted by Kunutsor et al derived from
population-based studies conducted in the
USA, Europe and Japan showed that every
one SD (1-SD) increase in baseline ALP was

BM)

Kabootari M, et al. BMJ Open 2018;8:€023735. doi:10.1136/bmjopen-2018-023735 1


http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-023735
http://dx.doi.org/10.1136/bmjopen-2018-023735
http://dx.doi.org/10.1136/bmjopen-2018-023735
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-023735&domain=pdf&date_stamp=2018-10-23

associated with 8% higher risk for incident CVD. More-
over, when compared with the bottom third, levels in the
top third of ALP were associated with 38% higher risk of
all-cause mortality."' ' However, only one study has exam-
ined the added value of ALP over traditional risk factors
for incidence of CVD,? while no study has examined this
issue for mortality events.

The aim of this study was to assess the association of
serum ALP with incident CHD, stroke, CVD, all-cause
mortality and composite outcome (including CVD and
mortality events), independent of traditional risk factors,
in a Middle Eastern population with high incidence and
burden of CVD,g 1% and also, if such an association exists,
to determine the extent to which ALP can improve our
power to predict CVD and mortality events beyond that
achieved by traditional risk factors.'*°

MATERIALS AND METHODS

Study population

The Tehran Lipid and Glucose Study (TLGS) is a popula-
tion-based prospective study being conducted on a represen-
tative sample of residents of district 13 of Tehran, the capital
city of Iran. Details and data collection methods of TLGS
have been described elsewhere.'® To summarise, TLGS has
two major components: a cross-sectional prevalence study of
non-communicable disease (1999-2001) and associated risk
factors; and prospective follow-up studies at approximately
3-year intervals. For the current study, we considered the
data of 3359 participants, aged 230 years, who had docu-
mented measurements of ALP level at baseline. Excluded
were individuals with a history of CVD (n=251) and cancer
(n=108), those with missing data of covariates (105 partic-
ipants) and those without any follow-up after the baseline
recruitment (317 participants), leaving 2578 adults with
complete follow-up data up to March 2014. The study was
conducted according to the guidelines of the Declaration of
Helsinki. Written informed consents were obtained from all
participants.

Patient and public involvement
Participants were not involved in setting of the research
agenda.

Data collection (clinical, anthropometric and laboratory
measurements)

Participants were interviewed face-to-face by trained inter-
viewers using a standard questionnaire, including infor-
mation on gender, age, smoking status, family history
of premature CVD and medication use. A standardised
mercury sphygmomanometer (calibrated by Iranian Insti-
tute of Standards and Industrial Researches) was used to
measure blood pressure after the participants had been
seated for at least 15 min. The mean of two measurements
of blood pressures taken on the right arm was considered
the participant’s blood pressure. Details of anthropometric
measures including height and waist circumference (WC)
have been reported elsewhere.'® Body mass index (BMI)

was calculated by dividing weight in kilograms by height
in square metres. After 12-14hours of overnight fasting,
a blood sample was drawn from all participants. Details
of laboratory measurements including levels of fasting
plasma glucose (FPG), triglycerides (TG), high-den-
sity lipoprotein cholesterol (HDL-C) and total choles-
terol (TC) and serum creatinine have been reported
previously.'® Serum ALP was measured using the DGKC
(Deutsche Gesells chaftfiir Klinische Chemie) method
(upper limit of normal=3061U/L; intra-assay coefficient
of variation=1.5%).

Outcome assessment

Details of collection of TLGS outcome data have been
published before.'” Briefly, telephone follow-up of each
participant for any new medical events was performed
annually by a trained nurse. Then, a trained physician
collected complementary data regarding reported events
during a home visit or by obtaining data from medical
records. An outcome committee consisting of an inter-
nist, an endocrinologist, a cardiologist, an epidemiologist
and other experts, when needed, evaluated the collected
data to assign a specific outcome code to each event. In
this study, CHD events as outcomes included cases of
definite myocardial infarction (MI) (diagnosed by ECG
and biomarkers), probable MI (positive ECG findings
plus cardiac symptoms or signs and biomarkers showing
negative or equivocal results), unstable angina pectoris
(new cardiac symptoms or changing symptom patterns
and positive ECG findings with normal biomarkers),
angiography-proven CHD and CHD death (any death
in hospital due to CHD according to the above-men-
tioned criteria or sudden cardiac death caused by cardiac
disease occurring <1 hour after beginning of symptoms
based on verbal autopsy documents outside of hospital).
Moreover, stroke was defined as cases of definite stroke,
possible stroke and transient ischaemic attack (TIA) with
the following definitions: (1) Definite stroke was defined
based on the WHO definition as, ‘rapidly developing clin-
ical signs of or global disturbance of cerebral function,
lasting >24hour or leading to death with no apparent
cause other than that of vascular origin’'® or imaging
result suggestive of stroke accompanied by acute clini-
cally relevant brain injuries in patients with fast vanishing
symptoms. (2) Possible stroke was considered as onset
of an acute focal neurological deficit without imaging
indicative of stroke or when data did not fully qualify for
the WHO definition of definite stroke. (3) When symp-
toms resolved within 24 hours, patients were considered
as cases with TIA.

CVD was specified as a composite measure of any
CHD events, stroke or cerebrovascular death. In cases
of mortality, data were collected by an authorised local
physician from the hospital or the death certificate and
were evaluated by the TLGS outcome committee. We also
examined the composite outcome including both CVD
and all-cause mortality events.
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Figure 1

Definition of terms
Type 2 diabetes was defined as FPG=7mmol/L or taking
antihyperglycaemic drugs. Estimated glomerular filtra-
tion rate (eGFR) expressed as mL/min/1.73 m? was esti-
mated using the abbreviated prediction equation, and
was calculated using the Chronic Kidney Disease Epide-
miology Collaboration ff:quation19 as follows:
eGFR=141xmin (Ser/,, 1) “xmax (Ser/,
1)"%%%0.993%x1.018 (if female) x 1.159 (if black), where
Scr is serum creatinine (mg/dL), K is 0.7 for women and
0.9 for men, ais —0.329 for women and -0.411 for men,
min indicates the minimum of Scr/ ,or l and max indicates
the maximum of Scr/ . or 1. CKD was defined as eGFR of
<60mL/min per 1.73 m2%

Hypertension was defined as either systolic blood pres-
sure (SBP) 2140 mm Hg or diastolic blood pressure (DBP)
290 mm Hg or antihypertensive drug treatment. Smoking
status was defined as current usage of any kind of tobacco.
Family history of premature CVD reflected prior diag-
nosis of CVD in female first-degree relatives, aged <65
years or male first-degree relatives <b5 years. Educational
status was categorised into three levels: less than 6 years,
6-12 years and 212 years of formal education.

Statistical analysis
Mean (SD) and frequency (%) were reported for contin-
uous and categorical variables, respectively. The Student’s
t-test and y” test were used to assess the significance of
associations for continuous and categorical variables,
respectively.

Dose-response relationship between ALP levels and
different outcomes was checked using the fractional poly-
nomial spline method in the confounder adjusted model

Distribution of baseline alkaline phosphatase (ALP) level among the study population. Max, maximum; Min, minimum.

with four knots (at 25th, 50th, 75th and 95th percentiles).
Cox’s proportional hazard models were used to evaluate
associations between 1-SD as well as tertiles of ALP levels
with the risks of CHD stroke, CVD, all-cause mortality and
composite outcome.

These associations were evaluated in two models:
model 1 included age and sex, and in model 2, for those
with CHD, stroke, CVD and composite outcome further
adjustment was performed for BMI, WC, smoking,
educational levels, family history of premature CVD, TC,
TG/HDL-C ratio, lipid-lowering medications, diabetes,
hypertension and CKD. Moreover, for those with all-cause
mortality event as outcome, model 2 entailed adjustment
for a panel of variables (TLGS risk factors) reported to
be associated with this event among the Iranian popula-
tion according to our previous study®'; TLGS risk factors
included age, gender, current smoking, education,
hypertension, diabetes and family history of premature
CVD.

To determine the cut-off value of ALP for predicting
composite outcome, the Youden’s index® was calculated
as [Y=sensitivity—(1-specificity) ], in which the maximum
value was considered as an optimum ALP cut-point. More-
over, indicators of diagnostic performance, including
sensitivity, specificity, positive and negative predictive
value, positive likelihood ratio (sensitivity/ (1-specificity))
and negative likelihood ratio ((l-sensitivity)/specificity)
for the cut-off points derived for each outcome were also
calculated.

To examine the improvement in prediction of different
outcomes in the models containing ALP level, we applied
the AIC, the discrimination ability of models (Harrell’s
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Table 1 Baseline characteristics of the study population, stratified by development of incident CVD at follow-up: Tehran Lipid

and Glucose Study (1999-2014)

Total population Without CVD events With CVD events

Mean (SD) or n (%) (n=2578) (n=2158) (n=420) P values
Age (year) 50.06 (11.85) 48.76 (11.71) 56.78 (10.17) <0.001
Sex (men) 1089 (42.24) 874 (40.50) 215 (51.19) <0.001
BMI (kg/m?) 28.61 (4.33) 28.60 (4.34) 28.66 (4.33) 0.792
WC (cm) 94.23 (10.55) 93.79 (10.54) 96.49 (10.36) <0.001
SBP (mm Hg) 126.65 (20.46) 124.81 (19.37) 136.07 (23.156) <0.001
DBP (mm Hg) 81.57 (10.87) 81.08 (10.48) 84.12 (12.41) <0.001
FPG (mmol/L) 6.03 (2.41) 5.84 (2.20) 6.95 (3.15) <0.001
Total cholesterol (mmol/L) 6.56 (1.10) 6.50 (1.09) 6.85 (1.10) <0.001
Triglycerides (mmol/L) 3.05 (1.69) 3.01 (1.67) 3.26 (1.80) 0.006
TG/HDL-C 3.35 (2.87) 3.31 (2.88) 3.55 (2.86) 0.113
eGFR (mL/min/1.73m?) 66.36 (11.24) 66.92 (11.24) 63.49 (10.82) <0.001
ALP (IU/L) 210.52 (62.61) 207.52 (60.85) 225.93 (69.02) <0.001
Family history of premature CVD 461 (17.88) 374 (17.33) 87 (20.71) 0.098
Current smoker 400 (15.52) 313 (14.50) 87 (20.71) 0.001
Education <0.001

<Byears 1259 (48.84) 1000 (46.34) 259 (61.67)

6-12years 1040 (40.34) 909 (42.12) 131 (31.19)

>12years 279 (10.82) 249 (11.54) 30 (7.14)
Lipid-lowering medications 179 (6.94) 136 (6.30) 43 (10.24) 0.004
Hypertension 889 (34.48) 669 (31) 220 (52.38) <0.001
Diabetes 401 (15.55) 271 (12.56) 130 (30.95) <0.001
CKD 721 (27.97) 567 (26.27) 154 (36.67) <0.001

ALP, alkaline phosphatase; BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate (as calculated using the CKD Epidemiology Collaboration equation); FPG, fasting plasma glucose;
HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglycerides; WC, waist circumference.

C-index) and the reclassification method using NRI'* '°

for censored time-to-event data given as below:

AIC, was computed as —2*(log-likelihood) +2* (number
of estimated parameters) as a statistical estimate of the
trade-off between the likelihood of a model against its
complexity; the difference of AIC 210 was considered
significant.

To investigate the change in C-index after adding ALP
information for prediction of CHD, stroke, CVD and
composite outcome, we added ALP to a model based
on risk factors included in the Framingham CVD Risk
Score,” which has been validated among Iranian popu-
lations.”* Regarding all-cause mortality, the change in
C-index after adding ALP to a model based on TLGS risk
factors was investigated.

We applied NRI as a criterion to evaluate the ability
of adding ALP values to improve CHD, stroke, CVD and
the composite outcome risk prediction over and beyond
models containing Framingham risk factors, as well as the
ability for improving prediction of the risk of all-cause
mortality outcome over and beyond TLGS risk factors.
The NRI measures the difference in discrimination slopes

between models with and without a new variable such as
ALP in our analysis'’; significance of NRI was tested with
bootstrap resampling.”

In a sensitivity analysis, the multiplicative interactions
between ALP levels and all named confounders such
as lipid panels (eg, ALPxTC and ALPxTG/HDL-C)
were checked in a multivariate adjusted model for the
composite outcome. Since a statistically significant inter-
action was found only for TC (p value=0.001), the spline
method was used to show the dose-response relationship
between TC and the composite outcome for levels of ALP
above and below the derived cut-off value.

Statistical significance was defined as a p value <0.05 in
a two-sided manner. Statistical analyses were conducted
using Stata V.12.0 (Stata Corp LP, College Station,
Texas, USA).

RESULTS

The study included 2578 (men=1089) participants with
a mean age of 50.06+11.85 years at baseline, mean ALP
level was 210.52 (SD=62.61) IU/L (median 202; IQR 73,
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figure 1). Baseline characteristics among the total popula-
tion and based on occurrence of incident CVD are shown
in table 1. Among the total population, the prevalence of
current smoking, hypertension, diabetes and CKD were
15.52%, 34.48%, 15.55% and 27.97%, respectively. Partic-
ipants who developed CVD were significantly older, had
higher levels of WC, SBP, DBP, FPG, TC, TG and ALP as
well as higher prevalence of hypertension, diabetes, CKD,
usage of lipid-lowering drugs, and were more likely to be
smokers and less likely to be educated; however, there was
no difference between groups regarding levels of BMI,
TG/HDL-C and family history of premature CVD events.

During our study period, 369, 68, 420, 170 and 495
participants experienced CHD, stroke, CVD, all-cause
mortality (17 participants had both CHD and stroke
events) and composite outcome. Overall, 47.65% (n=81)
of all-cause mortality events were related to CVD. The
median (IQR) follow-up duration was 11.3 (2.19) years.

Figure 2 shows dose-response relationship between
risk of CHD, stroke, CVD, all-cause mortality and the
composite outcome and ALP levels. Using the regression
cubic spline model, a linear association was seen between
serum ALP level and the ll-year risk of developing
different outcomes.

Table 2 shows the adjusted HRs and 95% CI of CHD,
stroke, CVD, all-cause mortality and composite outcome
for tertiles and per 1-SD increase in ALP in different
models. Accordingly, HRs (95% CI) for CHD events in
the second and third tertiles of ALP levels after adjust-
ment for important traditional risk factors (model 2)
were 1.33 (1.02 to 1.73) and 1.29 (0.98 to 1.69),respec-
tively. Regarding stroke events, the corresponding HRs
(95% CI) were 1.32 (0.66 to 2.61) and 1.88 (1.00 to 3.61),
for second and third ALP tertiles, respectively. More-
over, mentioned tertiles were significantly associated
with increased risk of CVD events with the adjusted HRs
of 1.33 (1.03-1.71) and 1.30 (1.01-1.68), respectively.
Furthermore, each 1-SD increase in ALP level was associ-
ated with 11%, 20% and 10% higher risk of CHD, stroke
and CVD events in the fully adjusted model, respectively,
with the risk calculated for stroke being marginally signif-
icant (HRs (95% CI), 1.20 (0.97 to 1.49), p=0.058).

Regarding all-cause mortality HRs of the second and
third ALP tertiles, after adjustment for age and sex (model
1) were 1.13 (95% CI 0.75 to 1.70) and 1.64 (95% CI 1.10
to 2.43), respectively. However, after further adjustment
for TLGS risk factors (model 2), the aforementioned ALP
tertiles were associated with 11% and 32% higher risks of
events, values which did not reach statistical significance.
Moreover, each 1-SD increase in ALP level was significantly
associated with all-cause mortality events in both models
1 and 2 (HRs (95% CI) were 1.25 (1.10-1.42) and 1.16
(1.01-1.33), respectively). Finally, there was a significant
association between ALP and the composite outcome with
an adjusted HR (95% CI) of 1.30 (1.03 to 1.63) and 1.27
(1.00 to 1.61) for the second and third tertiles, respec-
tively, as well as 1.11 (1.02 to 1.21) for each 1- SD increase
of ALP level in the fully adjusted model.
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Figure 2 Regression cubic spline model of the association
between alkaline phosphatase (ALP) and (A) coronary heart
disease (CHD), (B) stroke, (C) cardiovascular disease (CVD),
(D) all-cause mortality and (E) the composite outcome.
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Table 2 Adjusted HR (95% ClI) for cardiovascular disease, coronary heart disease, stroke and all-cause mortality events by
tertiles and per 1-SD change of alkaline phosphatase: Tehran Lipid and Glucose Study (1999-2014)

Alkaline phosphatase
tertiles

First (n=845)

Second (n=858)

Third (n=875)

Alkaline phosphatase level P for 1-SD increase in
(1u/L) <179 179-226 >226 trend ALP
Coronary heart disease
n 93 138 138
Rate per 1000 person- 9.7 (7.92-11.89) 14.94 (12.64-17.65) 17.57 (14.87-20.77)
years
Model 1* 1.00 1.39 (1.06-1.81) 1.59 (1.22-2.08) 0.001 1.21 (1.10-1.33)
Model 21 1.00 1.33 (1.02-1.73) 1.29 (0.98-1.69) 0.078 1.11 (1.01-1.22)
Stroke
n 14 22 32
Rate per 1000 person- 1.4 (0.83-2.37) 2.2 (1.47-3.41) 3.85 (2.72-5.43)
years
Model 1* 1.00 1.34 (0.68-2.64) 2.10 (1.11-4.00) 0.017 1.24 (1.01-1.52)
Model 2t 1.00 1.32 (0.66-2.61) 1.88 (1.00-3.61) 0.050 1.20 (0.97-1.49)f
Cardiovascular disease
n 104 155 161
Rate per 1000 person- 10.90 (8.9-13.21) 16.84 (14.39-19.71) 20.63 (17.68-24.08)
years
Model 1* 1.00 1.38 (1.08-1.78) 1.63 (1.27-2.09) <0.001 1.21 (1.11-1.33)
Model 2t 1.00 1.33 (1.03-1.71) 1.30 (1.01-1.68) 0.052 1.10 (1.01-1.21)
All-cause mortality events
n 40 55 75
Rate per 1000 person-  4.00 (2.93-5.45) 5.58 (4.28-7.27) 8.93 (7.12-11.20)
years
Model 1* 1.00 1.13 (0.75-1.70) 1.64 (1.10-2.43) 0.009 1.25 (1.10-1.42)
Model 2§ 1.00 1.11 (0.73-1.67) 1.32 (0.90-2.00) 0.129 1.16 (1.01-1.33)
Composite outcome
n 125 182 188
Rate per 1000 person- 13.1 (11.0-15.6) 19.8 (17.1-22.9) 24.1 (20.9-27.8)
years
Model 1* 1.00 1.33 (1.06-1.67) 1.52 (1.21-1.92) <0.001 1.20 (1.11-1.31)
Model 21 1.00 1.30 (1.03-1.63) 1.27 (1.00-1.61) 0.06 1.11 (1.02-1.21)

*Model 1: adjusted for age and sex.
TModel 2: adjustment for model 1 plus body mass index, waist circumferences, smoking, educational levels, family history of premature
cardiovascular disease, total cholesterol, triglycerides/high-density lipoprotein cholesterol ratio, lipid-lowering medications, diabetes,

hypertension and chronic kidney disease.

1P=0.058

§Model 2: Adjustment for model 1 plus Tehran Lipid and Glucose Study risk factors (ie, age, sex, current smoking, education, hypertension,
diabetes, family history of premature CVD).

ALP, alkaline phosphatase.

In this study, the optimal cut-off level of ALP value
according to the Youden’s index for the composite
outcome was 199 IU/L. The diagnostic performance of
the derived cut-off level of ALP was examined for each
outcome (see online supplementary table 1). Table 3
shows the adjusted HR (95% CI) of CVD, CHD, stroke,
all-cause mortality events and the composite outcome for
the derived ALP cut-off point. Accordingly, the risks of all

outcomes were higher in those with ALP 21991U /L level
when adjusted with age and sex. Moreover, considering
covariates in model 2, significant risks of 80%, 26%, 43%
and 26% were shown for incident stroke, CVD, all-cause
mortality and the composite outcome.

Risk discrimination, goodness of fit and reclassification
index, with and without adding ALP values to the Fram-
ingham and TLGS risk prediction models are shown in
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Table 3 Adjusted HR (95% ClI) for cardiovascular disease,
coronary heart disease, stroke, all-cause mortality events
and the composite outcome for the derived ALP cut-off

point (ALP >1991U/L)*:Tehran Lipid and Glucose Study
(1999-2014)

Outcomes

Alkaline phosphatase (IU/L)

<199 (n=1223)

>199 (n=1355)

Coronary heart disease

n 139 230
Rate per 1000 person-  10.8 (9.2-12.8) 16.6 (14.6-18.9)
years
Model 1t 1.00 1.39 (1.13-1.72)
Model 2t 1.00 1.19 (0.96-1.48)
Stroke
n 19 49
Rate per 1000 person- 1.4(0.9-2.2) 3.3 (2.5-4.4)
years
Model 11 1.00 1.94 (1.13-3.34)
Model 2 1.00 1.80 (1.04-3.1)
Cardiovascular disease
n 153 267

Rate per 1000 person-
years

12.0 (10.2-14.0)

19.4 (17.2-21.9)

Model 11 1.00 1.45 (1.19-1.78)
Model 2% 1.00 1.26 (1.02-1.54)
All-cause mortality events
n 52 118
Rate per 1000 person- 3.9 (2.9-5.1) 8.0 (6.7-9.6)
years
Model 11 1.00 1.64 (1.18-2.29)
Model 2§ 1.00 1.43 (1.02-2.00)
Composite outcome
n 179 316
Rate per 1000 person- 14.0 (12.1-16.2) 22.9 (20.6-25.6)
years
Model 11 1.00 1.43 (1.19-1.72)
Model 23 1.00 1.26 (1.04-1.52)

*Cut-off based on Youden’s index for composite outcome.
TModel 1: adjusted for age and sex.
fModel 2: adjustment for model 1 plus body mass index, waist

circumferences, smoking, educational levels, family history of premature

cardiovascular disease, total cholesterol, triglycerides/high-density
lipoprotein cholesterol ratio, lipid-lowering medications, diabetes,
hypertension and chronic kidney disease.

§Model 2: adjustment for for model 1 plus Tehran Lipid and Glucose Study
(TLGS) risk factors (ie, age, sex, current smoking, education, hypertension,

diabetes, family history of premature CVD).
ALP, alkaline phosphatase.

table 4. CHD and CVD risk prediction models containing
Framingham risk factors showed a C-index of 0.7380
(0.709-0.766) and 0.7462 (0.717-0.774), respectively, and
after adding ALP values, the C-indexes reached 0.7384
(0.710-0.765) and 0.7469 (0.724-0.767), showing an
increase of 0.0004 and 0.0007, respectively, which were not
statistically significant. In addition, there was no significant
improvement in the classification of participants for CHD
and CVD events applying NRI (0.79 (-0.29-0.45) and 0.72
(-0.39-1.36), respectively) and no significant differences in

AIC were seen among these two models. Regarding all-cause
mortality and the composite outcome, similar to CVD
events, after adding information of ALP, no improvement
was observed in the predictive ability of the models consid-
ering the levels of AIC, the C-index and NRI. Since, the asso-
ciation between ALP level and stroke events was marginally
significant, we did not assess the added value of ALP level to
predict this outcome.

According to significant interaction between TC and
ALP for the composite outcome, the association of ALP
=199versus <199IU/L across the entire range of TC was
examined. Accordingly, for the ALP value <199IU/L, the
association remained linear across the entire range of TC
levels, while for the ALP value >1991U/L, this association
showed a non- linear shape (see online supplementary
figure 1).

DISCUSSION

In this prospective population-based study, we found an
association independent of established cardiovascular risk
factors between baseline ALP level and future CVD events
over more than a decade of follow-up. In fact, ALP level
>1791U /L was associated with over 30% higher risk of CVD
(including CHD and stroke events), independent of several
established traditional CVD risk factors. However, our study
showed that adding ALP values to conventional CVD risk
factors does not lead to improvement in their ability to
predict CVD events. In addition, our analyses showed that
each 62.61 IU/L (1-SD) increase in ALP level was associated
with 16% greater risk of all-cause mortality events, inde-
pendent of a large set of covariates; however, as mentioned
earlier regarding CVD events, adding ALP values does not
improve the prediction power for mortality risk.

Association between serum ALP and increased risk
of CHD,10 stroke,10 2627 cyp® 12 28 a5 well as all-cause
mortality’ ' **7! has been addressed in some previous
studies; nevertheless, direct comparison of our results
with theirs is not simple due to different strategies
for inclusion of the study populations and especially
different adjustments that were considered in their multi-
variate analysis. Finally, they used different approaches in
presenting their results.

To the best of our knowledge, the association between
elevated ALP levels and CVD (including both CHD and
stroke events) in general populations has been studied
in five population-based studies conducted in the USA,
Europe and Japan. Among studies that focused on CVD
or CVD death, the HRs (95% CI) in fully adjusted models
were 1.27 (0.98 to 1.65) in the Third National Health
and Nutrition Examination Survey study® (comparing
the third vs first tertile of ALP), 1.09 (1.01 to 1.18) in
the British Regional Heart Study (BRHS)' (per 1-SD
increase in ALP) and 1.24 (1.05 to 1.45) in the Preven-
tion of Renal and Vascular End-stage Disease study®
(comparing fifth vs first-fourth ALP quintiles). In addi-
tion, three studies have examined this association for
stroke events and documented the following results in
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fully adjusted models: HR 1.09 (0.96 to 1.25) per 1-SD
increase in log-ALP level in the BRHS study,'’ HR 1.79
(1.20 to 2.68) in men and 1.29 (0.85 to 1.96) in women
for ALP fifth quintile versus third quintile in the Circu-
latory Risk in Communities Study,”® and Relative Risk
(RR) is 1.20 (1.04-1.39) per each 1-SD increment of
ALP level in the Rotterdam Study.?” In the current study,
in the multivariate analysis, each 1-SD increase in ALP
level was associated with approximately 20% higher
risk of stroke. Moreover, compared with those with ALP
levels <1791U/L, ALP values >2261U/L increased this
risk to over 80%. Only one study has assessed the asso-
ciation between higher ALP levels and the risk of CHD
among a general population and the results showed
each 1-SD increase in ALP level was associated with 15%
higher risk in the fully adjusted model,'’ results consis-
tent with ours that showed an 11% higher risk. Finally,
a recent meta-analysis performed by Kunutsor et al'' has
summarised these results and shown that the multivariate
relative risk for CVD events per 1-SD change in baseline
ALP was 1.09 (1.02 to 1.16), a finding comparable with
our results (HR (95% CI) 1.10 (1.01 to 1.21)). Despite the
independent association between ALP levels and CHD,
stroke and CVD in our study, we found no added value
for ALP in prediction of CVD events, results similar to
those reported in the Kunutsor et al study.® Moreover, the
association between ALP level and mortality in general
populations has been addressed in studies conducted by
Tonelli et al,28 Wannamethee et al,lo Abramowitz et al,g
Filipowicz et al,30 Kohler et al,?’2 Fulks et a and Bates et
al,> all of which were conducted in the USA and Europe.
Accordingly, a recent meta-analysis'® showed that the
multivariate relative risk (95% CI) for all-cause mortality
in the top, compared with the bottom third of ALP level
was 1.38 (1.17 to 1.63), a value comparable to those
derived in our data analysis (1.32 (0.90 to 2.00)). Similar
to CVD events, we found no improvement in prediction
of all-cause mortality events after adding ALP data to the
known risk factors, an issue not addressed in the studies
mentioned above.

Previously, it has been shown that among maintenance
haemodialysis patients, there are robust data regarding a
consistent association of increased ALP level with all-cause
and cardiovascular mortality,” " as well as coronary artery
calcification®; accordingly, a serum ALP >1201U/L was
associated with higher risk of outcomes across different
subgroups of patients, after controlling for nutrition,
inflammation, mineral, serum Parathyroid Hormone
(PTH) and liver enzymes. In the current study, among
a general population, the derived cut-off point of 199
showed significant risk for CVD, stroke and all-cause
mortality as well as the composite outcome.

Among general populations, several mechanisms
have been proposed for increased cardiovascular and
mortality risks in people with elevated ALP levels. There
is some evidence that low levels of vitamin D are associ-
ated with elevated ALP and CVD mortality, as shown in
a nested case—control study within our cohort, 25-OH-D

levels <10ng/mL were associated with an approximately
threefold higher risk of CVD after adjustmentfor conven-
tional CVD risk factorszs; however, data on vitamin D
levels were not available in our study, although, consid-
ering that the prevalence of severe vitamin D deficiency
among Tehranian adults is reported to be <10%,” it
might not be an important confounder in our study.
Moreover, the association between ALP and CVD might
be through inflammation as ALP is an acute phase reac-
tant and its activity is correlated with plasma C reac-
tive protein (CRP) levels.” We did not have data on
CRP levels so this possibility could not be investigated.
However, in a nested case—control study of 385 individ-
uals (126 cases, free of cardiovascular disease at base-
line, and 259 matched controls) among our population,
the level of CRP did not predict the incidence of CVD,
independent of traditional CVD risk factors.*' In addi-
tion, in some previous studies, ALP showed an indepen-
dent association with CVD' and all-cause mortality,*
after adjustment for conventional CVD risk factors and
CRP. The association between elevated ALP and CVD
might be due to liver disease, primarily non-alcoholic
fatty liver disease (NAFLD),* a condition which is a
common cause of elevated liver enzymes, and is associ-
ated with insulin resistance, type 2 diabetes and obesity.
Moreover, NAFLD confers higher risk of CVD, indepen-
dent of traditional cardiovascular risk factors and meta-
bolic syndrome.* Results of a meta-analysis from Iran**
demonstrated the prevalence of NAFLD to be 33.9%;
hence, considering the high prevalence of NAFLD
among the Iranian population, the role of subclinical
liver disease in the association between ALP and CVD
cannot be overlooked. Other possible mechanisms for
higher cardiovascular and mortality risks associated
with higher ALP levels have been suggested, including
vascular calcification, endothelial dysfunction, inacti-
vation of inorganic pyrophosphates (a process that can
increase vascular calcification) as well as inflammation
and oxidative stress.” **°

The notable strengths of our study include a large
sample size with long-term follow-up duration, adequate
adjustment for potential confounders and reliable
measurements of different covariates as well as assessing
different outcomes including CHD, stroke, CVD and
all-cause mortality. We also extended findings of a prior
research showing no added value of ALP level in predic-
tion of different outcomes; moreover, we presented the
cut-off value of ALP level for prediction of composite
CVD and mortality events. Of the limitations that should
be noted, first, some evidence suggests that ALP values in
individuals can fluctuate over time*® and repeated ALP
measurements were not available in our study. Second,
data on other confounders, that is, PTH, CRP, vitamin
D and liver enzymes including alanine and aspartate
transaminase were also unavailable. Third, we did not
have nutritional information. Finally, as this study was
conducted on indivuduals of Persian ancestry, its general-
isability to other populations is not possible.
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In conclusion, the current evidence from an Iranian
population shows an independent association between
ALP level and the risk of CHD, stroke, CVD, all-cause
mortality and the composite outcome, although when the
ALP data were added to the conventional risk prediction
models, it did not improve their ability for prediction of
these outcomes.
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