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Associations between alkaline phosphatase and hypertension in relation to
circulating CD34-positive cell levels pertaining to elderly Japanese men
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Serum alkaline phosphatase (ALP) could be an indicator of osteoblastic activity, which initiates hematopoietic stem cell (CD34-
positive cell) production in bone marrow. Since chronic inflammation, which is a known risk factor for hypertension and endothelium
dysfunction, stimulates bone marrow activity, ALP could be positively associated with hypertension. To clarify those associations,
we conducted a cross-sectional study of 479 elderly Japanese men aged 60-69. Circulating CD34-positive cell levels could
influence associations between serum ALP and hypertension because CD34-positive cell production is also a factor known to
contribute to endothelial repair. Therefore, participants were stratified by the median value of circulating CD34-positive cell levels
(1.00 cells/uL). A low level of circulating CD34-positive cells was identified in 240 members of the study population. A significantly
positive association of ALP with hypertension was detected among participants with low circulating CD34-positive cell levels
(multivariable-OR (odds ratio) for hypertension resulting from a 1 standard deviation (SD) increment in serum ALP (58.3 IU/L) =
1.44 (1.06, 1.95)) but not among those with high CD34-positive cell levels (multivariable-OR=0.91 (0.67, 1.23)). We also observed
a significant effect of the interaction of circulating CD34-positive cell levels on the association between serum ALP and
hypertension (multivariable p=0.011). Serum ALP was found to be positively associated with hypertension among elderly
participants with low but not with high circulating CD34-positive cell levels. Since CD34-positive cells are a factor known to
contribute to endothelial repair, capability for endothelial repair can be expected to have an effect on the association between
serum ALP and hypertension.
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Introduction

Approximately 95% of the alkaline phosphatase (ALP) in
serum from healthy adults is derived from bone and liver
equally [1, 2]. Because ALP is primarily secreted by the
bone and the liver [2], ALP is generally recognized as a
marker of bony or hepatic disease even if only a small

amount is secreted by intestine, kidneys, and leukocytes.
ALP could therefore act as an early differentiation marker
of osteoblast and osteoblastic activity [3].

Since osteoblasts regulate the production of hematopoietic
stem cells in bone marrow [4,5] and chronic inflammation
also should stimulate such bone marrow activity [6-8], ALP
could be expected to be associated with a chronic inflammatory
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condition, which constitutes an important risk factor for
hypertension and endothelium dysfunction.

Furthermore, bone marrow-derived endothelial progenitor
cells such as CD34-positive cells have been reported to play an
important role in maintaining the vascular endothelium [9,10].
Therefore, serum ALP levels may correlate with vascular
homeostatic activity which is stimulated by endothelial
injury. This indicates that participants with higher levels of
circulating CD34-positive cells might be more capable of
maintaining the vascular endothelium than those with lower
levels. In addition, it is well known that hypertension and
endothelial dysfunction (atherosclerosis) are subject to a
vicious cycle, in which hypertension induces endothelial
dysfunction and vice versa [11-13]. Therefore, higher CD34-
positive cell levels might act as an influential factor on the
association between ALP and hypertension.

To clarify this and other relevant associations, we conducted
a cross-sectional study of 479 elderly Japanese community
dwelling men aged 60-69 who underwent an annual health
check-up in one of 2013-2015.

Methods

Study population

All procedures involving human participants were performed
in accordance with the ethical standards of the institutional
research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
This study was approved by the Ethics Committee of
Nagasaki University Graduate School of Biomedical Sciences
(project registration number: 14051404). Written consent
forms were available in Japanese to ensure a comprehensive
understanding of the study objectives, and informed consent
was provided by all the participants.

The source population comprised 617 male residents 60
to 69 years old of Goto City and Saza Town, rural communities
in western Japan, who participated in this study between
2013 and 2015. Participants for whom laboratory data were
not available (n=33) were excluded. To avoid the influence
of acute inflammatory disease, participants with a high
white blood cell count (WBC) (=10,000 cells/uL) (n=8)
were excluded. Since chronic kidney disease (CKD) might
act as a strong confounding factor on the analyses [14],
participants with CKD (Glomerular Filtration Rate (GFR)
<60 ml/min/1.73m?) (n=92) were also excluded. To avoid the
effect of bone disorders such as osteoporosis, bone fracture,
and bone tumor, we further excluded persons with a high
serum ALP level (>400 IU/L) (n=5) as in a previous study
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of ours [15]. The remaining 479 men with a mean age of
65.4 years (standard deviation (SD): *2.6; range: 60-69)
were enrolled in the study.

Data Collection and Laboratory Measurements

Trained interviewers obtained information on medical
history, as well as use of antihypertensive agents. Body
weight and height were measured with an automatic body
composition analyzer (BF-220; Tanita, Tokyo, Japan). Systolic
and diastolic blood pressures were recorded at rest. Hypertension
was defined as systolic blood pressure >140mmHg and/or
diastolic blood pressure >90mmHg and/or use of antihypertensive
medication as in a previous study which dealt with the
association between ALP and hypertension [16].

Fasting blood samples were collected in an EDTA-2K
tube, a heparin sodium tube and a siliconized tube. The
number of WBC (cell/uL) in samples from the EDTA-2K
tube were measured at SRL, Inc. (Tokyo, Japan) with an
automated procedure.

Fresh samples (obtained within 24 hours of collection
from the heparin sodium tube) were used to determine the
number of CD34-positive cells. BD Trucount™ (Beckton
Dickinson Biosciences, San Jose, CA, USA) technology, an
accurate and reproducible single platform assay which
conformed with the International Society of Hematotherapy
and Graft Engineering (ISHAGE) guidelines [17,18] and
supported by automated software for the BD FACSCanto™
IT system, was used to measure the number of circulating
CD34-positive cells.

Serum samples were separated to measure the concentration of
aspartate aminotransferase (AST) and y-glutamyltranspeptidase
(y-GTP) by using the Japanese Society of Clinical Chemistry
(JSCC) standardization method. Triglycerides (TG) and
creatinine were measured enzymatically. HDL-cholesterol
(HDLc) was measured by using the direct method, and
hemoglobin Alc (HbAlc) by using the latex coagulation
method. Glomerular filtration rate (GFR) was estimated by
means of an established method using three adaptations
which were recently proposed by the working group of the
Japanese Chronic Kidney Disease Initiative [19]. According
to this adapted version, GFR (mL/min/1.73m?) = 194 X
(serum creatinine (enzyme method))%* X (age) 2.

Measurement of carotid intima media thickness (CIMT)
was determined by ultrasonography of the left and right carotid
arteries by an experienced vascular technician using a
LOGIQ Book XP with a 10-MHz transducer (GE Healthcare,
Milwaukee, WI, USA). Mean values for the left and right
CIMT were calculated using automated digital edge-detection
software (Intimascope; MediaCross, Tokyo, Japan) and a
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protocol that has been described in detail elsewhere [20].

Brachial-ankle pulse wave velocity (PWYV) is generally
used to evaluate arterial stiffness. However, PWV measurements
can be strongly affected by blood pressure [21], so that the
Cardio Ankle Vascular Index (CAVI) was recently developed
in Japan to avoid the susceptibility of PWV measurements
to blood pressure [22]. CAVI was recorded with a Vasera
VS-1000 vascular screening system (Fukuda Denshi, Tokyo,
Japan) with the subject resting in a supine position.

Statistical Analysis

Characteristics of the study population stratified by circu-
lating CD34-levels divided by median value (1.00 cells/u L)
were expressed as mean * standard deviation. A y?test was
performed to calculate the p value of each variable based on
circulating CD34-positive cell levels.

Simple correlation analysis of ALP with relevant factors
was performed to calculate circulating CD34-positive cell
levels. Because TG showed a skewed distribution, logarithmic
transformation was performed.

Logistic regression models were used to calculate odds
ratios (OR) and 95% confidence intervals (CI) ofhypertension
associated with ALP levels. Two different approaches were
used to make adjustments for confounding factors. The first
adjustment was only for age, and the second consisted of
other possible confounding factors, that is, BMI (kg/m?),
HDLc (mg/dL), TG (mg/dL), HbAlc (%), AST (U/L), y-GTP
(U/L), GFR (mL/min/1.73m?) and WBC (cell/uL).

Data for CAVI were available for 212 participants. Since

89

ALP levels might affect endothelial activation [16], we used
simple correlation analysis to calculate circulating CD34-
positive cell level-specific associations between ALP and
CAVL

For sensitivity analysis, we rerun models without excluding
CKD participants.

All statistical analyses were performed with the SAS
system for Windows (version 9.4: SAS Inc., Cary, NC). Values
of p<0.05 were regarded as being statistically significant.

Results

Of the total study population of 479, 240 showed low
CD34-positive cell levels (<1.00 cells/uL).

Table 1 shows characteristics of the study population
stratified by CD34-positive cell levels. Those with high
CD34-positive cell levels showed significantly higher BMI,
HbAIc and WBC than those with low levels.

Results of a circulating CD34-positive cell level-specific
simple correlation analysis of ALP and other variables are
shown in Table 2. For subjects with low CD34-positive cell
levels, ALP was significantly positively associated with systolic
blood pressure, diastolic blood pressure, anti-hypertensive
medication use and WBC, and significantly inversely associated
with HDLc. For those with high CD34-positive cell levels,
ALP was significantly positively associated with TG and
WBC, and significantly inversely associated with BMI.

Table 3 shows ORs and 95%CIs for hypertension in

Table 1. Characteristics of study population by circulating CD34-positive cell levels

Low CD34-positive cell ~ High CD34-positive cell

levels (<1.00 cells/uL) levels (=1.00 cells/uL) p

No. at risk 240 239

Age, years 65.5%2.5 65.3%2.7 0.337
Systolic blood pressure, mmHg 134 +18 13517 0.643
Diastolic blood pressure, mmHg 8112 8111 0.845
Antihypertensive medication use, % 383 46.4 0.073
Body mass index (BMI), kg/m’ 22.7%3.0 239+28 <0.001
Serum HDL-cholesterol (HDLc), mg/dL 58%13 5714 0.556
Serum triglycerides (TG), mg/dL 109 =88 125£96 0.064
Hemoglobin Alc (HbAlc), % 5.6%0.5 5.8%0.7 <0.001
Serum aspartate aminotransferase (AST), U/L 259 258 0.422
Serum y-glutamyltranspeptidase (y -GTP), U/L 46 £40 4953 0.424
Serum creatinine, mg/dL 0.88+0.11 0.79%0.10 0.464
Glomerular Filtration Rate (GFR), mL/min/1.73m’ 76.5+13.0 76.9%+11.1 0.726
White blood cell (WBC), cell/uL 5003 £ 1255 6068 1289 <0.001
Serum alkaline phosphatase (ALP), U/L 224+59 217%58 0.204
Mean carotid intima-media thickness (CIMT), mm 0.67%0.11 0.68+0.11 0.246

Values: mean * standard deviation.
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Table 2. Simple correlation analysis of alkaline phosphatase (ALP) and other variables in relation to circulating CD34-positive cell levels

Low CD34-positive cell levels
(<1.00 cells/uL)

High CD34-positive cell levels
(>1.00 cells/uL)

r P r P
No. at risk 240 239

Age 0.03 0.689 -0.003 0.965
Systolic blood pressure 0.13 0.040 0.02 0.755
Diastolic blood pressure 0.15 0.019 0.03 0.634
Antihypertensive medication use 0.14 0.033 -0.03 0.633
Body mass index (BMI) -0.04 0.517 -0.14 0.027
Serum HDL-cholesterol (HDLc) -0.15 0.019 -0.04 0.583
Serum triglycerides (TG) 0.04 0.563 0.26 <0.001
Hemoglobin Alc (HbAlc) 0.01 0.855 0.08 0.197
Serum aspartate aminotransferase (AST) 0.12 0.055 0.12 0.067
Serum y-glutamyltranspeptidase (y-GTP) 0.07 0.272 0.12 0.067
Serum creatinine -0.08 0.190 -0.04 0.536
Glomerular Filtration Rate (GFR) 0.09 0.167 0.05 0.471
White blood cell (WBC) 0.25 <0.001 0.15 0.023
Mean carotid intima-media thickness (CIMT) 0.02 0.808 0.005 0.938

TG was calculated as logarithmic values.

Table 3. Odds ratios (ORs) and 95% confidence intervals (Cls) for hypertension in relation to alkaline phosphatase (ALP) stratified by

circulating CD34-positive cell levels

Alkaline phosphatase (ALP) quartiles

1 SD increment

- p for trend inALP
Ql (low) Q2 Q3 Q4 (high) (58.3UL)

Low CD34-positive cell levels (<1.00 cells/uL)

No. of participants 58 55 64 63

No. of cases (%) 29 (50.0) 30 (54.5) 38(59.4) 46 (73.0)

Age-adjusted ORs 1.00 1.23(0.59,2.60) 1.43(0.70,2.95) 2.65(1.24,5.68) 0.013  1.41(1.07,1.85)

Multivariable ORs 1.00 1.05(0.47,2.33) 1.35(0.61,2.97) 2.66 (1.15, 6.16) 0.021  1.44(1.06, 1.95)
High CD34-positive cell levels (>1.00 cells/uL)

No. of participants 63 62 56 58

No. of cases (%) 41 (65.1) 45 (72.6) 33(58.9) 36 (62.1)

Age-adjusted ORs 1.00 1.42(0.66,3.05)  0.75(0.35,1.58)  0.86 (0.41, 1.82) 0.384  0.86(0.66, 1.13)

Multivariable ORs 1.00 1.33(0.59,2.97)  0.78 (0.36, 1.70)  0.96 (0.42, 2.20) 0.623 091 (0.67,1.23)

Hypertension was defined as systolic blood pressure >140mmHg, and/or diastolic blood pressure >90mmHg, and/or antihypertensive medication use.
Multivariable ORs: adjusted further for age and BMI, HDLc, TG, HbA1C, AST, y-GTP, GFR and WBC. BMI: body mass index. HDLc: HDL-cholesterol.
TG: triglycerides. HbA Ic: hemoglobin Alc. AST: aspartate aminotransferase. y-GTP: y-glutamyltranspeptidase. WBC: white blood cells. ALP quartiles : <179
U/L for Q1, 179-214 U/L for Q2, 215-255 U/L for Q3, and >256 U/L for Q4

relation to ALP stratified by CD34-positive cell levels. For
low levels, ALP was significantly positively associated with
hypertension whereas no significant such association was
observed for high levels.

We also evaluated the effect of the interaction between
ALP and CD34-positive cell levels (both low and high)
on hypertension. Significant interaction between ALP and
CD34-positive cell levels was observed, with a p value for
the effect of this fully adjusted interaction on hypertension
of p=0.011.

Since the same kinds of anti-hypertensive medication

might influence the osteoblastic stem cells and hematopoietic
stem cells, which in turn might influence the circulating
CD34-positive cell level-specific association between ALP
and hypertension [23,24], we performed further analysis
limited to the participants not taking anti-hypertensive
medication. Essentially the same associations were observed
even though the statistical power of these associations did
not reach significant values. The multivariable ORs of
hypertension for an increment of 1 standard deviation (SD)
were 1.44 (0.97, 2.14) for subjects with low circulating
CD34-positive cell levels (n=148) and 0.80 (0.53, 1.23) for
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those with high levels (n=128). As for the interaction, the
multivariable model showed a significant value (p=0.028).

A further analysis was performed to evaluate the influence
of ALP on endothelial function of the 212 participants (116
for low and 96 for high circulating CD34-positive cell levels)
for whom CAVI data were available. The results of a simple
correlation analysis showed that, for participants with low
circulating CD34-positive cell levels, ALP was significantly
positively associated with CAVI ( r=0.25, p=0.007), but not
for those with high circulating CD34-positive cell levels
(r=0.04, p=0.730).

Sensitivity analysis showed similar associations to the
main results.

Discussion

The major findings of the present study of elderly Japanese
men are that serum ALP was associated with hypertension
for participants with low circulating CD34-positive cell
levels, but not for those with high levels.

Previously, we reported that serum ALP is associated
with hypertension for both male and female non-drinkers,
but not for drinkers [16]. This finding indicates drinker status
might be a strong confounding factor on those associations
because serum ALP levels are influenced by alcohol consumption
[25,26], which has been positively associated with hypertension
[27], while alcohol consumption also influences endothelial
function [28,29]. In the current study we found further
evidence that the positive association between ALP and
hypertension is observed only for subjects with low circulating
CD34-positive cell levels.

Since ALP shares common biological pathways with
C-reactive protein (CRP), a marker of inflammation [30-32],
ALP could also function as an inflammatory mediator. And
since CRP is known to be positively associated with
hypertension [33], ALP could be positively associated with
hypertension by indicating the activity of inflammation.
WBC, which is also well known as an inflammatory maker,
is also reported to be positively associated with hypertension
[34]. In addition, our present study found that ALP is
significantly positively associated with WBC in participants
both with low and with high levels of CD34-positive cells, a
finding which partly supports the notion of a mechanism
showing that inflammation could be attributed to the positive
association between ALP and hypertension. However, our
study also found that the significant positive association
between ALP and hypertension remained significant even
after further adjustment for WBC.

91

Alkaline phosphatase (ALP) is a membrane homo-dimeric
enzyme that catalyzes the hydrolysis of organic pyrophosphate
[35]. ALP has been found to contribute to vascular calcification,
which is one aspect of atherosclerosis, by catalyzing the
hydrolysis of organic pyrophosphate, an inhibitor of vascular
calcification [36]. In addition, it is well known that hypertension
and endothelial dysfunction (atherosclerosis) are subject to
a vicious cycle [11-13]. Therefore, ALP could be positively
associated with hypertension thus indicating the presence
of atherosclerosis. Serum ALP is reported to be adversely
associated with levels of arterial structure and function
in hypertensive African men [37]. Another study found a
strong and significant inverse relationship between alkaline
phosphatase and endothelium-dependent vasodilation among
naive hypertensive patients [38]. The findings of those
studies support our results presented here. However, we
found no significant associations between ALP and CIMT
among participants with either low or high levels of CD34-
positive cells, even though a positive association between
ALP and CAVI was observed only for participants with low
CD34-positive cell levels.

Triglycerides are positively associated with intestinal ALP
[39] and ALP is also reported to be positively associated
with triglyceride [16]. The positive association between
ALP and hypertension could also be attributed to triglycerides
since they have been reported to be positively associated
with blood pressure (both systolic and diastolic) for subjects
with low but not high CD34-positive cell levels [40].
However, in our study a significant positive association
between ALP and triglycerides was observed only for
participants with high CD34-positive cell levels.

Finally, ALP is an early differentiation marker of osteoblast
and osteoblastic activity [3]. Since osteoblasts regulate the
production of hematopoietic stem cells in bone marrow [4,5]
and bone marrow-derived endothelial progenitor cells such
as CD34-positive cells have been reported to play an important
role in maintaining the vascular endothelium [9,10], serum
ALP levels may correlate with vascular homeostatic activity
including inflammatory activity. Therefore, an increase in
the level of circulating CD34-positive cells should have a
beneficial effect by preventing endothelial dysfunction in
cases without a significant association between ALP and
hypertension because of the aforementioned vicious cycle
between hypertension and endothelial dysfunction [11-13].

This study has certain potential limitations, which warrant
consideration. First, because ALP isoenzymes were not
measured [41], we could not assess which type of ALP was
associated with the risk of hypertension. Although the
positive association between ALP levels and hypertension



92

was shown to be independent of the traditional risk factors,
we did not adjust for other potential confounders whose
values have been associated with ALP, such as calorie,
protein, vitamin C, magnesium, and zinc deficiencies [42],
and alcohol consumption status. Additionally, because this
was a cross-sectional study, causal relationships could not
be established.

Conclusion

In conclusion, our findings show that serum ALP is
associated with hypertension for participants with low
circulating CD34-positive cell levels, but not for those with
high levels. For analyses of associations between ALP and
hypertension, circulating CD34-positive cell levels, which
might influence the capability of endothelium maintenance,
should thus be considered a potential influencer.
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