
Shimizu et al. Journal of Physiological Anthropology 2013, 32:10
http://www.jphysiolanthropol.com/content/32/1/10
ORIGINAL ARTICLE Open Access
Association between alkaline phosphatase and
hypertension in a rural Japanese population: The
Nagasaki Islands study
Yuji Shimizu1,2*, Mio Nakazato2, Takaharu Sekita2, Koichiro Kadota1, Hironori Yamasaki3, Noboru Takamura4,
Kiyoshi Aoyagi5, Yosuke Kusano6 and Takahiro Maeda1,2
Abstract

Background: Although serum alkaline phosphatase (ALP) levels have been associated with hypertension, and ALP
is known as an enzyme affected by alcohol consumption, no study has been published on the associations
between ALP and the risk of hypertension in relation to drinking status.

Methods: We conducted a cross-sectional study of 2,681 participants (837 men and 1,846 women) aged 30 to 89
years undergoing a general health check-up to investigate the associations between ALP and hypertension in
relation to drinking status.

Results: Of the 2,681 participants, 1,549 (514 men and 1,035 women) were diagnosed with hypertension. A sex
difference was observed for the relationship between ALP and hypertension. While no significant association was
observed for men, the association was significantly positive for women. The multivariable adjusted odds ratio and
95% coincidence interval (CI) of hypertension per increment of 1-log ALP were 0.95 (95% CI: 0.56 to 1.59) for men
and 1.57 (95% CI: 1.07 to 2.33) for women. When this analysis was restricted to nondrinkers, a significantly elevated
risk of hypertension was observed for men and remained significant for women; that is, 3.32 (95% CI: 1.38 to 8.02)
for men and 1.68 (95% CI: 1.11 to 2.55) for women.

Conclusion: ALP is associated with hypertension for both male and female nondrinkers, but not for drinkers. For
analyses of associations between ALP and blood pressure, alcohol consumption should thus be considered a
potential confounder.

Keywords: Alkaline Phosphatase, Drinking Status, Hypertension, Risk, Cross-sectional Study
Introduction
The alkaline phosphatase (ALP) enzyme catalyzes the hy-
drolysis of inorganic pyrophosphate [1], which is an inhibi-
tor of vascular calcification [2]. While ALP is expressed in a
variety of tissues, its concentrations are notably high in
bone, liver, and kidneys [1]. One previous sex-combined
study reported that ALP was significantly associated with
hypertension [3], and another study found a weak but sta-
tistically significant association of ALP with blood pressure
[4]. On the other hand, serum ALP levels are influenced by
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alcohol consumption [5,6], which has been positively asso-
ciated with hypertension [7]. However, no study of the rela-
tionships between ALP and hypertension stratified by
drinking status has been published. Since a previous study
of ours established that alcohol consumption has a strong
effect on the relationship between ALP and incidence of
stroke in a general Japanese population [8], we hypothe-
sized that the associations between ALP and hypertension
might also be influenced by alcohol consumption. Since it
is known that Japanese men are characterized by a high
prevalence of current drinking and Japanese women by a
low prevalence [8-10], a Japanese population would be a
useful tool for studying this hypothesis. To examine this hy-
pothesis, we analyzed general health check-up results for
risk of hypertension for Japanese men and women.
l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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Methods
Subjects
Written consent forms were available in Japanese to en-
sure comprehensive understanding of the study objectives,
and informed consent was signed by the participants. This
study was approved by the Ethics Committee for Use of
Humans of Nagasaki University (project registration num-
ber 0501120073).
The source population included 3,883 residents of the

western rural community of the Goto Islands (1,355 men
and 2,528 women) 30 to 89 years old, who participated in
this study between 2005 and 2010. Data for blood pressure
were missing for 11 subjects (3 men and 8 women), data
for drinking status missing for 69 subjects (23 men and 46
women), data for serum missing for 947 subjects (422
men and 525 women), and with history of cardiovascular
disease for 175 subjects (72 men and 103 women) so a
total of 1,202 subjects were excluded from this study.
There were no differences in cardiovascular disease risk
factors between participants for whom blood data were
available and those for whom they were not. The re-
maining 2,681 participants, 835 men with a mean age of
64.5 years (± 10.5 standard deviation; range 30 to 89) and
1,846 women with a mean age of 62.5 years (± 11.3 stand-
ard deviation; range 30 to 89), were enrolled in this study.

Data collection and laboratory measurements
Trained interviewers obtained information on smoking
status, drinking status, medical history, as well as use
of antihypertensive agents and medication for diabetes
mellitus. Body weight and height were measured with an
automatic body composition analyzer (BF-220; Tanita,
Tokyo, Japan) when blood samples were obtained. Sys-
tolic and diastolic blood pressures were recorded at rest.
Hypertension was defined as systolic blood pressure ≥140
mmHg and/or diastolic blood pressure ≥90 mmHg and/or
use of antihypertensive medication.
Following collection of blood samples after overnight

fasting, serum and plasma were separated and stored
at −20°C and −80°C, respectively, until assay.
Serum concentrations of triglyceride (TG), hemoglo-

bin A1c (HbA1c), aspartate transaminase (AST), γ-
glutamyltranspeptidase (γ-GTP), ALP and serum creatinine
were measured with standard laboratory procedures. The
glomerular filtration rate (GFR) was estimated by means of
an established method with three variations recently pro-
posed by a working group of the Japanese Chronic Kidney
Disease initiative [11].
According to this adapted version:

GFR ml=minute=1:73 m2
� � ¼ 194

� serum creatinine enzyme methodð Þð Þ�1:094

� ageð Þ�0:287 � 0:739 for womenð Þ
HbA1c(National Glycohemoglobin Standardization Pro-
gram) was calculated with the following equation recent-
ly proposed by a working group of the Japanese Diabetes
Society [12]:

HbA1c National Glycohemoglobin Standardization Programð Þ

¼ HbA1c Japanese Diabetes Societyð Þ þ 0:4%

Diabetes was defined as HbA1c(National Glycohemoglobin
Standardization Program) ≥6.5%, and/or initiation of
glucose-lowering medication or insulin therapy [13].

Statistical analysis
Since previous studies including ours have demonstrated
that Japanese men show a high prevalence of current
drinkers and Japanese women a low prevalence [8,9,14],
and since alcohol consumption has been positively as-
sociated with hypertension [7], we performed a sex-
specific analysis.
Analysis of variance or logistic regression models were

used to calculate differences in age-adjusted mean values
or prevalence of potential confounding factors in rela-
tion to ALP levels. The subjects were divided into two
groups according to smoking status (current smoker or
not), alcohol consumption, (current drinker or not), dia-
betes (no, yes) or thyroid disease (no, yes). triglycerides
(mg/dl), AST (IU/l), γ-GTP (IU/l) and GFR (ml/minute/
1.73 m2) were adjusted as continuous variables. Covari-
ance or general linear models were used to analyze dif-
ferences in sex-specific, age-adjusted mean values for
cardiovascular risk factors in relation to ALP levels, and
logistic regression models to calculate odds ratios (OR)
and 95% confidence intervals (CIs) of hypertension asso-
ciated with ALP levels. Two different approaches were
used for adjustments for confounding factors. The first
adjustment was only for age, and the second consisted
of other possible confounding factors; that is, smoking
status (never smoker, former smoker, current smoker),
alcohol consumption (nondrinker, current light to mod-
erate drinker (1 to 6 times/week) and current heavy
drinker (every day)), diabetes (no, yes), thyroid disease
(no, yes), triglycerides (mg/dl), AST (IU/l), γ-GTP (IU/l)
and GFR. Because ALP levels are strongly affected by
drinking status [5,6], we also investigated associations
between ALP and hypertension among nondrinkers.
All statistical analyses were performed with the SAS

system for Windows (version 9.3; SAS Inc., Cary, NC,
USA). All P values for statistical tests were two-tailed,
and P <0.05 was regarded as statistically significant.

Results
Of the 2,681 participants (835 men and 1,846 women),
1,549 (514 men and 1,035 men) were diagnosed with
hypertension.
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Table 1 presents sex-specific age-adjusted baseline
characteristics by ALP level. For both men and women,
triglycerides and γ-GTP showed significantly positive asso-
ciations with ALP levels. For men, the prevalence of
current drinkers was inversely associated with ALP levels,
and for women systolic blood pressure, diastolic blood
pressure, antihypertensive medication use and AST were
positively and significantly associated with ALP levels.
Table 1 Age-adjusted mean values and proportions by alkalin

Q1 (low)

Men

Median values for serum ALP (U/l) 172

Number at risk 205

Age (years) 63.9 ± 10.0

Systolic blood pressure (mmHg) 140

Diastolic blood pressure (mmHg) 84

Antihypertensive medication use (%) 27

Thyroid disease (%) 0.0

Body mass index (kg/m2) 23.7

Current drinker (%) 62

Current smoker (%) 20

Serum triglycerides (mg/dl) 128

Diabetes (%) 8

Serum aspartate aminotransferase (AST) (IU/l) 24

Serum γ-glutamyltranspeptidase (γ-GTP ) (IU/l) 36

Serum creatinine, (mg/dl) 0.90

Glomerular filtration rate (ml/minute/1.73 m2) 70.3

Women

Median values for serum ALP (U/l) 170

Number at risk 465

Age (years) 56.4 ± 12.8

Systolic blood pressure (mmHg) 137

Diastolic blood pressure (mmHg) 80

Antihypertensive medication use (%) 26

Thyroid disease (%) 0.4

Body mass index (kg/m2) 22.6

Current drinker (%) 13.3

Current smoker (%) 3.6

Serum triglycerides (mg/dl) 113

Diabetes (%) 5.8

Serum aspartate aminotransferase (AST) (IU/l) 21.4

Serum γ-glutamyltranspeptidase (γ-GTP)IU/l) 20

Serum creatinine, (mg/dl) 0.724

Glomerular filtration rate (ml/minute/1.73 m2) 66.7

Age presented as mean ± standard deviation. Serum alkaline phosphatase (ALP) lev
men and <199 U/l, 199 to 240 U/l, 241 to 290 U/l, and >290 U/l for women.
Table 2 presents the OR and 95% CIs for hypertension
according to ALP levels. While no significant association was
observed for men, it was significantly positive for women.
The multivariable adjusted OR and 95% CI for hypertension
per increment of 1-log ALP were 0.95 (95% CI: 0.56 to 1.59)
for men and 1.57 (95% CI: 1.07 to 2.33) for women.
We also investigated the sex-specific influence of

drinking status on ALP levels and found a significantly
e phosphatase levels

ALP quartiles

Q2 Q3 Q4 (high) P value

209 250 318

215 207 208

63.2 ± 11.5 65.3 ± 10.2 65.7 ± 10.2

142 143 141 0.504

85 86 85 0.390

22 25 26 0.735

0.5 1.0 0.0 0.300

23.8 23.6 23.3 0.337

53 46 45 0.002

23 27 29 0.105

138 153 142 0.044

7 11 12 0.267

25 25 26 0.061

41 51 60 <0.001

0.93 0.92 0.91 0.562

68.4 68.5 70.7 0.411

220 263 337

458 467 456

63.7 ± 10.8 64.3 ± 9.6 65.8 ± 9.2

140 141 142 <0.001

83 84 84 <0.001

25 24 31 0.029

0.7 1.3 0.9 0.534

22.9 23.2 23.1 0.083

13.4 10.2 11.1 0.338

3.3 4.7 4.5 0.682

118 127 133 <0.001

5.4 5.6 7.1 0.689

21.9 22.0 23.1 0.011

24 25 31 <0.001

0.715 0.716 0.724 0.740

67.7 67.7 66.5 0.574

els for quartiles were <194 U/l, 194 to 228 U/l, 229 to 275 U/l, and >275 U/l for



Table 2 Sex-specific odds ratio and 95% confidence interval for hypertension in relation to alkaline phosphatase levels

ALP quartiles 1 SD increments
in ALP

Log ALP

Q1 (low) Q2 Q3 Q4 (high) P for trend

Men

Number at risk 205 215 207 208

Number of cases (%) 118 (58) 134 (62) 134 (65) 128 (62)

Age-adjusted OR 1.00 1.26 (0.85 to 1.88) 1.30 (0.87 to 1.95) 1.11 (0.75 to 1.66) 0.590 1.00 (0.87 to 1.16) 1.00 (0.62 to 1.59)

Multivariable OR 1.00 1.30 (0.86 to 1.99) 1.29 (0.84 to 1.99) 1.16 (0.75 to 1.79) 0.535 0.98 (0.83 to 1.15) 0.95 (0.56 to 1.59)

Women

Number at risk 465 458 467 456

Number of cases (%) 186 (40) 271 (59) 273 (58) 305 (67)

Age-adjusted OR 1.00 1.33 (0.98 to 1.78) 1.22 (0.91 to 1.64) 1.61 (1.19 to 2.17) 0.006 1.21 (1.09 to 1.35) 1.81 (1.26 to 2.60)

Multivariable OR 1.00 1.29 (0.95 to 1.76) 1.14 (0.84 to 1.55) 1.49 (1.09 to 2.04) 0.041 1.17 (1.04 to 1.31) 1.57 (1.07 to 2.33)

Multivariable odds ratio (OR) adjusted further for age, body mass index, smoking, alcohol intake, diabetes, thyroid disease, serum triglycerides, serum aspartate
aminotransferase (AST) , serum γ-glutamyltranspeptidase (γ-GTP) and glomerular filtration rate. Hypertension defined as systolic blood pressure ≥140mmHg and/
or diastolic blood pressure ≥90 mmHg and/or use of antihypertensive agents. Serum alkaline phosphatase (ALP) levels for quartiles were <194 U/l, 194 to 228 U/l,
229 to 275 U/l, and >275 U/l for men and <199 U/l, 199 to 240 U/l, 241 to 290 U/l, and >290 U/l for women.
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inverse association between ALP and drinking status (non-
drinker, current light-to-moderate drinker (1 to 6 times/
week), and current heavy-drinker (every day)) for men, while
essentially the same tendency was observed for women but
without reaching statistical significance. For men, the age-
adjusted mean values of ALP were 254 for nondrinkers,
235 for current light-to-moderate drinkers, and 233 for
current heavy drinkers (P = 0.003), and for women the
corresponding values were 252, 247, and 240 (P = 0.292).
We also evaluated the risk of hypertension for drinkers.

Drinking status for men showed a significant association
with risk of hypertension but not so for women. The age-
adjusted OR and 95% CI of hypertension for drinking
status (nondrinker or current drinker) were 1.70 (95% CI:
1.28 to 2.27; P <0.001) for men and 1.15 (95% CI: 0.84 to
1.57; P = 0.385) for women.
Table 3 presents the ORs and 95% CIs for hypertension

by ALP level in relation to drinking status. Significantly
positive associations were observed for nondrinkers, but
not for drinkers. For nondrinkers the adjusted OR and
95% CI for hypertension per increment of 1-log ALP were
3.32 (95% CI: 1.38 to 8.02) for men and 1.68 (95% CI: 1.11
to 2.55) for women, and for drinkers the corresponding
values were 0.42 (95% CI: 0.20 to 0.89) for men and 1.03
(95% CI: 0.30 to 3.50) for women.
Another analysis was performed to evaluate associa-

tions between serum ALP levels and systolic and dia-
stolic blood pressure. We found that ALP levels were
independently positively associated with both systolic
and diastolic blood pressure for nondrinkers but not for
drinkers. The results of multiple (including antihyper-
tensive medication use) linear regression analysis of sys-
tolic and diastolic blood pressure per increment of 1-log
ALP for nondrinkers were regression coefficient β = 2.10
(95% CI: 1.08 to 4.09; P = 0.028) and β = 3.54 (95% CI:
1.81 to 6.92; P <0.001) for men, and β = 1.62 (95% CI: 1.19
to 2.21; P = 0.002) and β = 2.02 (95% CI: 1.48 to 2.75;
P <0.001) for women, while for drinkers the correspond-
ing values were β = 0.96 (95% CI: 0.57 to 1.64; P = 0.884)
and β = 0.62 (95% CI: 0.37 to 1.06; P = 0.082) for men,
and β = 0.80 (95% CI: 0.34 to 1.91; P = 0.619) and β = 0.91
(95% CI: 0.38 to 2.16; P = 0.822) for women, respectively.
We also identified a significant effect on hypertension

of interaction between ALP levels and drinking status
(nondrinkers or current drinkers) for men but not for
women. The multivariable-adjusted P value of this effect
of interaction on hypertension was 0.002 for men and
0.900 for women.

Discussion
Our findings demonstrate that serum ALP is associated
with hypertension for both male and female nondrinkers,
but not for drinkers. For analyses of associations between
ALP and blood pressure, alcohol consumption should
thus be considered a potential confounder.
A previous study of 4,155 men and women conducted

by the United States National Health and Nutrition
Examination Survey reported that ALP showed a signifi-
cant association with higher frequency of hypertension
(P = 0.01). Moreover, compared with the lowest quartiles
of ALP, the adjusted OR associated with the highest
quartiles was 1.6 (95% CI: 1.0 to 2.5) [3]. Another study
of 79 South African men reported that 24-hour systolic
blood pressure was positively associated (regression co-
efficient β= 0.289, P = 0.018) with serum ALP [15].
Although no such significant association was observed

for men in our study, a significantly positive association
was observed for women. We found further that, when
these analyses were restricted to nondrinkers, the associ-
ation became significantly positive for men and remained



Table 3 Sex-specific data for hypertension in relation to alkaline phosphatase levels and drinking status

ALP quartiles 1 SD
increments in

ALP

Log ALP

Q1 (low) Q2 Q3 Q4 (high) P for trend

Nondrinker men

Number at risk 77 100 112 115

Number of cases (%) 35 (45) 50 (50) 69 (62) 73 (63)

Age-adjusted OR 1.00 1.27 (0.69 to 2.34) 1.91 (1.04 to 3.48) 1.98 (1.09 to 3.62) 0.011 1.40 (1.10 to 1.79) 2.96 (1.33 to 6.58)

Multivariable OR 1.00 1.37 (0.71 to 2.64) 1.96 (1.03 to 3.73) 2.23 (1.16 to 4.28) 0.009 1.46 (1.12 to 1.91) 3.32 (1.38 to 8.02)

Nondrinker women

Number at risk 390 399 423 412

Number of cases (%) 162 (42) 238 (60) 250 (59) 277 (67)

Age-adjusted OR 1.00 1.34 (0.97 to 1.84) 1.27 (0.93 to 1.73) 1.64 (1.19 to 2.27) 0.006 1.22 (1.08 to 1.37) 1.84 (1.24 to 2.72)

Multivariable OR 1.00 1.33 (0.96 to 1.85) 1.21 (0.87 to 1.67) 1.58 (1.12 to 2.21) 0.023 1.19 (1.05 to 1.35) 1.68 (1.11 to 2.55)

Drinker men

Number at risk 128 115 95 93

Number of cases (%) 83 (65) 84 (73) 65 (68) 55 (59)

Age-adjusted OR 1.00 1.53 (0.88 to 2.67) 1.14 (0.64 to 2.02) 0.76 (0.44 to 1.33) 0.295 0.82 (0.67 to 1.00) 0.59 (0.31 to 1.14)

Multivariable OR 1.00 1.39 (0.78 to 2.50) 0.94 (0.51 to 1.73) 0.62 (0.34 to 1.14) 0.103 0.73 (0.58 to 0.91) 0.42 (0.20 to 0.89)

Drinker women

Number at risk 75 59 44 44

Number of cases (%) 24 (32) 33 (56) 23 (52) 28 (64)

Age-adjusted OR 1.00 1.17 (0.52 to 2.66) 0.87 (0.36 to 2.12) 1.34 (0.54 to 3.28) 0.711 1.16 (0.87 to 1.55) 1.60 (0.58 to 4.41)

Multivariable OR 1.00 0.89 (0.36 to 2.20) 0.70 (0.26 to 1.87) 1.14 (0.42 to 3.09) 0.953 1.01 (0.68 to 1.49) 1.03 (0.30 to 3.50)

Data presented as odds ratio (95% confidence interval). Multivariable odds ratio (OR) adjusted further for age, body mass index, smoking, alcohol intake, diabetes, thyroid disease, serum triglycerides, serum aspartate
aminotransferase (AST), serum γ-glutamyltranspeptidase (γ-GTP) and glomerular filtration rate. Hypertension defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg and/or use of
antihypertensive agents. Serum alkaline phosphatase (ALP) levels for quartiles were <194 U/l, 194 to 228 U/l, 229 to 275 U/l, and >275 U/l for men and <199 U/l, 199 to 240 U/l, 241 to 290 U/l, and >290 U/l
for women.
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significant for women. However, no such significant posi-
tive associations were observed for either male or female
drinkers.
Previous studies have reported that ALP levels are af-

fected by alcohol consumption [5,6]. A Danish general
population study reported that the amount of alcohol in-
take was inversely and significantly associated with ALP
levels for both men and women [5]. Our study also
showed that ALP levels were significantly associated
with drinking status for men, and that for women, even
though the association was not statistically significant,
essentially the same tendency was observed. Further, al-
cohol consumption is positively associated with risk of
hypertension [7]. NIPPON DATA 90 reported that a
large percentage of hypertensive subjects in a general
Japanese male population suffered from alcohol-induced
hypertension [14]. This is compatible with our study’s
findings that drinking status is a significant risk factor
for hypertension for men but not for women. The asso-
ciation between ALP levels and hypertension may this
be seriously confounded by alcohol consumption, espe-
cially for Japanese men. The significant effect on hyper-
tension of the interaction between ALP levels and
drinking status (nondrinker or current drinker) identi-
fied for men but not for women may be induced by such
drinking-related mechanisms.
The mechanisms for the positive association of higher

ALP levels with risk of hypertension have not yet been
elucidated. Tonelli and colleagues reported identifying
an independent relationship between higher levels of
ALP and overall mortality for survivors of myocardial in-
farction and in a general population sample. In their
study, systolic blood pressure was positively associated
with ALP levels [16]. Orita and colleagues found a posi-
tive correlation between serum total ALP activity and
bone-type ALP activity in mouse calcified vascular le-
sions [17]. Another study demonstrated the presence of
bone-type ALP in human vascular smooth muscle cells
[18], which suggests that a higher level of bone-type
ALP activity may accelerate the development of cardio-
vascular events through cardiovascular calcification,
which is also positively associated with hypertension.
Jensky and colleagues reported that among 9,510 partici-
pants (42.5% women) who underwent electron beam
computed tomography scanning as part of a routine
health maintenance scanning, systolic hypertension fea-
tures a robust and important significant correlation with
calcified atherosclerosis [19].
Another possible mechanism for the association be-

tween ALP levels and risk of hypertension is impaired
vascular homeostasis, since hematopoietic stem cells de-
rived from bone marrow play a major role in vascular
homeostasis [20-22]. Since osteoblasts, whose activity
can be assessed by bone-type ALP expression [1,23],
regulate the production of hematopoietic stem cells in
bone marrow [24-26], serum ALP levels may correlate
with vascular homeostatic activity. Some previous studies
have reported that hematopoietic stem cells participate in
the pathogenesis of atherosclerosis [27] and promote
angiogenesis [20], while other studies established that vas-
cular maturation and stabilization were end stages of
neovascularization and angiogenesis [28]. Higher ALP
levels may thus indicate progression of atherosclerosis. Yet
another study showed that elevated ALP levels were asso-
ciated with atherosclerosis, which leads to peripheral arter-
ial disease and was assessed using the ankle-brachial blood
pressure index, and that this association was independent
of other traditional cardiovascular risk factors [29]. Fur-
thermore, hypertension is not only a well-established car-
diovascular risk factor but also increases the risk of
atherosclerosis [30]. Elevated ALP levels may therefore
constitute a risk for hypertension due to progressive ath-
erosclerosis. A previous study of ours, the Circulatory Risk
in Community Study, detected a significantly positive asso-
ciation between ALP levels and blood pressure (either sys-
tolic and/or diastolic) for both men and women, which
may induce these mechanisms [8]. On the other hand, the
nature of those mechanisms also indicated that elevated
ALP levels might perform an important role as direct sur-
rogate markers for progressive atherosclerosis and blood
pressure as an indirect surrogate marker for atheroscler-
osis. In this respect, previous studies, even after adjust-
ments for systolic blood pressure and antihypertensive
medication use, showed significant associations between
ALP level and mortality [16], and incidence of stroke [8].
The same mechanisms also point to the clinical rele-

vance of this study’s finding that among ALP can be
used for nondrinkers to evaluate risk of hypertension or
progression of atherosclerosis, which might be useful for
controlling blood pressure.
This study has certain potential limitations, which

warrant consideration. First, because no measurements
of the ALP isozyme were performed [31], we could not
assess which type of ALP was associated with the risk
of hypertension. Second, we did not have access to
menopausal status data, which may have affected ALP
levels [32], but a significantly positive association was
observed between ALP levels and risk of hypertension
for nondrinking women. Further investigations using
menopausal data are therefore necessary. Third, only
limited data for thyroid disease were available, which
may have confounded the associations between ALP and
risk of hypertension [33]. Nevertheless, we found a sig-
nificant association for both nondrinking men and
women, even though the prevalence of thyroid disorder
in the general Japanese population reportedly shows a
strong sex difference [34]. Fourth, even though a previ-
ous Japanese study reported that, compared with never-
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drinkers, former male drinkers men showed a signifi-
cantly higher risk of cardiovascular disease but their fe-
male counterparts did not [10], we could not conduct an
analysis of never-drinkers because data for this group
were not available. However, we found a significantly
positive association between ALP levels and hyperten-
sion for both nondrinking men and women. Although
the association between ALP levels and risk of hyper-
tension was shown to be independent of the traditional
risk factors, we did not adjusted for other potential
confounders whose values were associated with ALP,
such as calorie, protein, vitamin C, magnesium, and
zinc deficiencies [35], and drinking volume of alcohol
consumption.
In conclusion, serum ALP is associated with hyperten-

sion for both male and female nondrinkers, but not for
drinkers. For analyses of associations between ALP and
blood pressure, alcohol consumption should thus be
considered a potential confounder.

Abbreviations
ALP: Alkaline phosphatase; AST: Aspartate transaminase; CI: Confidence
interval; GFR: Glomerular filtration rate; γ-GTP: γ-Glutamyltranspeptidase;
HbA1c: Hemoglobin A1c; OR: Odds ratio.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors read and approved the final manuscript. YS carried out the
design of the study and performed the statistical analysis, interpreted the
data, and drafted or revised the manuscript. MN, TS and KK designed the
study, were involved in data collection, and checked the manuscript. HY, NT,
KA, and YK participated in the study concept and checked the manuscript.
TM was a general coordinator and designed the study.

Author details
1Department of Community Medicine, Nagasaki University Graduate School
of Biomedical Science, Nagasaki, Japan. 2Department of Island and
Community Medicine, Nagasaki University Graduate School of Biomedical
Science, Nagasaki, Japan. 3Center for Health and Community Medicine,
Nagasaki University, Nagasaki, Japan. 4Department of Global Health, Medicine
and Welfare, Nagasaki University Graduate School of Biomedical Sciences,
Nagasaki, Japan. 5Department of Public Health, Nagasaki University Graduate
School of Biomedical Sciences, Nagasaki, Japan. 6Department of Community
Development, Nagasaki Wesleyan University, Nagasaki, Japan.

Received: 4 February 2013 Accepted: 24 May 2013
Published: 27 June 2013

Reference
1. Schoppet M, Shanahan CM: Role for alkaline phosphatase as an inducer

of vascukar calcification in renal failure? Kidney Int 2008, 73:989–991.
2. Harmey D, Hessle L, Narisawa S, Johnson KA, Terkeltaub R, Millán JL:

Concerted regulation of inorganic pyrophosphate and osteopontin by
akp2, enpp1, and ank: an integrated model of the pathogenesis of
mineralization disorder. Am J Pathol 2004, 164:1199–1209.

3. Webber M, Krishnan A, Thomas NG, Cheung BM: Association between
serum alkaline phosphatase and C-reactive protein in the United States
National Health and Nutrition Examination Survey 2005–2006. Clin Chem
Lab Med 2010, 48:167–173.

4. Gordon T: Factors associated with serum alkaline phosphatase level. Arch
Pathol Lab Med 1993, 117:187–190.
5. Tolstrup JS, Grønbaek M, Tybjaerg HA, Nordestgaard BG: Alcohol intake,
alcohol dehydrogenase genotypes, and liver damage and disease in the
Danish general population. Am J Gastroenterol 2009, 104:2182–2188.

6. Osaretin ATE, Chioma LA: Gender and alcohol consumption affect human
serum enzymes, protein and bilirubin. Asian J Biochem 2007, 2:330–336.

7. Luther TC: Alcohol induced hypertension: mechanisms, complications,
and clinical implications. J Natl Med Assoc 1985, 77:385–389.

8. Shimiuz Y, Imano H, Ohira T, Kitamura A, Kiyama M, Okada T, Ishikawa Y,
Shimamoto T, Yamagishi K, Tanigawa T, Iso H: Alkaline phosphatase and
risk of stroke among Japanese: the circulatory risk in community study
(CIRCS). J Stroke Cerebrovasc Dis 2012. in Press.

9. Shimizu Y, Maeda K, Imano H, Ohira T, Kitamura A, Kiyama M, Okada T,
Ishikawa Y, Shimamoto T, Yamagishi K, Tanigawa T, Iso H: Chronic kidney
disease and drinking status in relation to risks of stroke and its subtypes.
The circulatory risk in communities study (CIRCS). Stroke 2011,
42:2531–2537.

10. Ikehara S, Iso H, Toyoshima H, Date C, Yamamoto A, Kikuchi S, Kondo T,
Watanabe Y, Koizumi A, Wada Y, Inaba Y, Tamakoshi A, Japan Collaborative
Cohort Study Group: Alcohol consumption and mortality from stroke and
coronary heart disease among Japanese men and women: the Japan
collaborative cohort study. Stroke 2008, 39:2936–2942.

11. Imai E: Equation for estimating GFR from creatinine in Japan. Nippon
Rinsho 2008, 66:1725–1729.

12. Kashiwagi A, Kasuga M, Araki E, Oka Y, Hanafusa T, Ito H, Tominaga M,
Oikawa S, Noda M, Kawamura T, Sanke T, Namba M, Hashiramoto M,
Sasahara T, Nishio Y, Kuwa K, Ueki K, Takei I, Umemoto M, Murakami M,
Yamakado M, Yatomi Y, Ohashi H: Committee on the standardization of
diabetes mellitus-related laboratory testing of Japan diabetes society:
international clinical harmonization of glycated hemoglobin in Japan:
from Japan diabetes society to national glycohemoglobin
standardization program values. J Diabetes Invest 2012, 3:39–40.

13. American Diabetes Association: Diagnosis and classification of diabetes
mellitus. Diabetes Care 2010, 33:562–569.

14. Nakamura K, Okamura T, Hayakawa T, Hozawa A, Kadowaki T, Murakami Y,
Kita Y, Okayama A, Ueshima H, NIPPON DATA90 Research Group: The
proportion of individuals with alcohol-induced hypertension among
total hypertensives in a general Japanese Population: NIPPON DATA90.
Hypertens Res 2007, 30:663–668.

15. Schutte R, Huisman HW, Malan L, Van Rooyen JM, Smith W, Glyn MCP, Mels
CMC, Fourie CMT: Alkaline phosphatase and arterial structure and function
in hypertensive African men: the SABPA study. Int J Cardiol 2012. in press.

16. Tonelli M, Curhan G, Pfeffer M, Sacks F, Thadhani R, Melamed ML, Wiebe N,
Muntner P: Relation between alkaline phosphatase, serum phosphate,
and all-cause or cardiovascular mortality. Circulation 2009, 120:1784–1792.

17. Orita Y, Yamamoto H, Kohno N, Sugihara M, Honda H, Kawamata S, Mito S,
Soe MN, Yoshizumi M: Role of osteoprotegerin in arterial calcification:
development of new animal model. Arterioscler Thromb Vasc Biol 2007,
27:2058–2064.

18. Shioi A, Katagi M, Okuno Y, Mori K, Jono S, Koyama H, Nishizawa Y:
Induction of bone-type alkaline phosphatase in human vascular smooth
muscle cells: role of tumor necrosis factor-alpha and oncostatin M
derived from macrophages. Circ Res 2002, 91:9–16.

19. Jensky NE, Criqui MH, Wright MC, Wassel CL, Brody SA, Allison MA: Blood
pressure and vascular calcification. Hypertension 2010, 55:990–997.

20. Takakura N, Watanabe T, Suenobu S, Yamada Y, Noda T, Ito Y, Satake M,
Suda T: A role for hematopoietic stem cells in promoting angiogenesis.
Cell 2000, 102:199–209.

21. Yamada Y, Takakura N: Physiological pathway of differentiation of
hematopoietic stem cell population into mural cells. J Exp Med 2006,
203:1055–1065.

22. Shi Q, Rafii S, Wu MH, Wijelath ES, Yu C, Ishida A, Fujita Y, Kothari S, Mohle
R, Sauvage LR, Moore MA, Storb RF, Hammond WP: Evidence for
circulating bone marrow-derived endothelial cells. Blood 1998,
92:362–367.

23. Lumachi F, Ermani M, Camozzi V, Tombolan V, Luisetto G: Changes of bone
formation markers osteocalcin and bone-specific alkaline phosphatase in
postmenopausal women with osteoporosis. Ann NY Acad Sci 2009, 1173:60–63.

24. Calvi LM, Adams GB, Weibrecht KW, Weber JM, Olson DP, Knight MC, Martin
RP, Schipani E, Divieti P, Bringhurst FR, Milner LA, Kronenberg HM:
Osteoblastic cells regulate the haematopoietic stem cell niche. Nature
2003, 425:841–846.



Shimizu et al. Journal of Physiological Anthropology 2013, 32:10 Page 8 of 8
http://www.jphysiolanthropol.com/content/32/1/10
25. Zhang J, Niu C, Ye L, Huang H, He X, Tong WG, Ross J, Haug J, Johnson T,
Feng JQ, Harris S, Wiedemann LM, Mishina Y, Li L: Identification of the
haematopoietic stem cell niche and control of the niche size. Nature
2003, 425:836–841.

26. Hager S, Lampert FM, Orimo H, Stark GB, Finkenzeller G: Up-regulation of
alkaline phospatase expression in human primary osteoblasts by
cocultivation with primary endothelial cells is mediated by p38 mitogen-
activated protein kinase-dependent mRNA stabilization. Tissue Eng Part A
2009, 15:3437–3447.

27. Sata M, Saiura A, Kunisato A, Tojo A, Okada S, Tokuhisa T, Hirai H,
Makuuchi M, Hirata Y, Nagai R: Hematopoietic stem cells differentiate into
vascular cells that participate in the pathogenesis of atherosclerosis.
Nat Med 2002, 8:403–409.

28. Jain RK: Molecular regulations of vessel maturation. Nat Med 2003,
9:685–693.

29. Bernard NYC, Kwok LO, Louisa YFW: Elevated serum alkaline phosphate
and peripheral arterial disease in the United States national Health and
Nutrition Examination Study 1999–2004. Int J Cardiol 2009, 135:156–161.

30. Alexander RW: Hypertension and the pathogenesis of atherosclerosis.
Oxidative stress and the mediation of arterial inflammatory response: a
new perspective. Hypertension 1995, 25:155–161.

31. Wilkinson JH: Clinical applications of isoenzymes. Clin Chem 1970,
16:733–739.

32. Sacide A, Abdullah E, Huseyin K, Can BO, Nurettin A: Diagnostic utility of
osteocalcin, undercarboxylated osteocalcin, and alkaline phosphatase for
osteoporosis in premenopausal and postmenopausal women. Ann Lab
Med 2012, 32:23–30.

33. Sekeroglu MR, Altun ZB, Algün E, Dülger H, Noyan T, Balaharoglu R,
Oztürk M: Serum cytokines and bone metabolism in patients with
thyroid dysfunction. Adv Ther 2006, 23:475–480.

34. Okamura K, Nakashima T, Ueda K, Inoue K, Omae T, Fujishima M: Thyroid
disorders in the general population of Hisayama Japan, with special
reference to prevalence and sex differences. Int J Epidemiol 1987,
16:545–549.

35. Lum G: Significance of low serum alkaline phosphatase activity in a
predominantly adult male population. Clin Chem 1995, 41:515–518.

doi:10.1186/1880-6805-32-10
Cite this article as: Shimizu et al.: Association between alkaline
phosphatase and hypertension in a rural Japanese population: The
Nagasaki Islands study. Journal of Physiological Anthropology 2013 32:10.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Subjects
	Data collection and laboratory measurements
	Statistical analysis

	Results
	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	Reference


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


