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1. Introduction

　Alkaline phosphatase (ALP) is an enzyme that catalyzes 
the hydrolysis of inorganic pyrophosphate.1 ALP is expressed 
in a variety of tissues, but its concentrations are notably high 
in bone, liver, and kidney.1 Previous studies reported that os-
teoblastic cells regulate the hematopoietic stem cell niche 
and are also important for production of blood corpuscles 
including red blood cells.2,3 Because activity of osteoblasts 

can be evaluated by bone-type ALP expression,1,4 lower ALP 
might be associated with anemia. Furthermore, under ane-
mic conditions, activity of osteoblasts might increase to 
compensate for hemoglobin insufficiency.5 These findings 
led us to speculate that not only reduced, but also elevated 
ALP levels may be associated with anemia.  
　However, women might not be suitable subjects for such 
an investigation not only because ALP is confounded by 
menopausal status,4,6 but also because hemoglobin levels are 
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confounded by menstruation.  
　On the other hand, serum ALP levels are influenced by 
alcohol consumption,7,8 which has been found to be posi-
tively associated with hemoglobin levels.9 Since the preva-
lence of drinkers is high among Japanese men,10 a study to 
investigate the association between serum ALP and anemia 
among Japanese men should also take drinking status into 
account.
　We therefore limited our investigation to community-
dwelling Japanese men aged 30-89 who participated in a 
general health check-up between 2005 and 2010. 

2. Material and Methods 

2.1 Participants

    This study was approved by the Ethics Committee for Hu-
man Use of Nagasaki University (project registration num-
ber: 0501120073).
　The source population included 1,355 residents, 30 to 89 
years old, of the western rural community of the Goto Is-
lands, who participated in this study between 2005 and 2010. 
Data for blood pressure were missing for 3 men, for drinking 
status for 23 men, and for serum for 422 men so that a total 
of 448 subjects were excluded from this study. The remain-
ing 907 men with a mean age of 65.1 years (±10.5 standard 
deviation (SD); range 30-89) were enrolled in this study. 

2.2 Data Collection and Laboratory Measurements 

　Trained interviewers obtained information on smoking 
status, drinking status and medical history, as well as on the 
use of antihypertensive agents and medication for diabetes 
mellitus. Body weight and height were measured with an 
automatic body composition analyzer (BF-220; Tanita, To-
kyo, Japan) when blood samples were obtained. Systolic and 
diastolic blood pressures were recorded at rest.
　Fasting blood samples were collected in an EDTA-2K 
tube and a siliconized tube. Samples from the EDTA-2K 
tube were used for measuring hemoglobin with the sodium 
lauryl surfate (SLS)-hemoglobin method. Serum was sepa-
rated and stored at −20°C until assay. Following collection 
of blood samples after overnight fasting, serum and plasma 
were separated and stored at −20°C and −80°C, respec-
tively, until assay. Serum concentrations of triglyceride 
(TG), hemoglobin A1c (HbA1c), γ-glutamyltranspeptidase 
(GTP), alkaline phosphatase (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 recent-
ly proposed by a working group of the Japanese Chronic 
Kidney Disease Initiative.11 According to this adapted version, 
the formula for determining GFR was: GFR(mL/min/1.73 
m2) = 194 × (serum creatinine (enzyme method))-1.094× 
(age)-0.287× (0.739 for women). HbA1c was calculated with 
the following equation based on standardization by the Na-
tional Glycohemoglobin Standardization Program (NGSP) 
and recently proposed by a working group of the Japanese 
Diabetes Society (JDS): HbA1c(NGSP) = HbA1c(JDS) + 
0.4%.12 Diabetes was defined as HbA1c (NGSP) ≥ 6.5%, and/
or initiation of glucose-lowering medication or insulin ther-
apy.13 Anemia for men was defined in accordance with the 
recommendation by the World Health Organization (WHO) 
Study Group: hemoglobin <13 g/dL.14

2.3 Statistical Analysis

　Differences in age-adjusted mean values or prevalence of 
potential confounding factors were calculated by ALP 
quartile using covariance or general linear models, and lo-
gistic regression models were used for calculating odds ra-
tios (OR) and 95% confidence intervals (CI) to determine 
associations of anemia with ALP values. 
　Two different approaches were used to adjust for con-
founding 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, cur-
rent smoker), alcohol consumption (non-drinker, current 
light to moderate drinker (1-6 times/week) and current heavy 
drinker (every day)), diabetes (no, yes), history of cardiovas-
cular disease (no, yes), history of liver disease (no, yes), thy-
roid disease (no, yes), TG (mg/dL), γ-GTP (IU/L) and GFR 
(mL/min/1.73m2). In addition, subjects were stratified by 
drinking status because alcohol consumption has been asso-
ciated with ALP levels,7, 8 and several studies reported that 
hemoglobin levels of drinkers were higher than those of 
non-drinkers.8,15

　All statistical analyses were performed with the SAS sys-
tem for Windows (version 9.3; SAS Inc., Cary, NC). All p-
values for statistical tests were two-tailed, and values of 
<0.05 were regarded as statistically significant.

3. Results

　Of the 907 men, 120 were diagnosed with anemia. The 
prevalence of non-drinkers was 49.1%.
　Table 1 shows age-adjusted baseline characteristics by 
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ALP level. Serum γ-GTP was positively associated, and cur-
rent drinker status inversely associated with ALP levels. No 
significant association was observed for hemoglobin. 
　Table 2 shows the odds ratios (OR) and 95% confidence 
intervals (CI) for anemia according to ALP levels. The as-
sociation between ALP levels and anemia was J-shaped. 
With second quartile (Q2) of ALP (194-228 IU/L) as the ref-
erence group, the multivariable adjusted OR and 95%CI for 
anemia were 1.91 (95%CI: 0.96-3.82) for <194 IU/L (Q1), 
1.84 (95%CI: 0.93-3.62) for 229-277 IU/L (Q3) and 2.83 
(95%CI:1.49-5.37) for >277 IU/L (Q4).
　We also investigated the influence of drinking status [non-
drinker, current light-to-moderate drinker (1-6 times/week), 
and current heavy-drinker (every day)] on ALP and hemo-

globin levels. The association for ALP was significantly in-
verse while that for hemoglobin was significantly positive. 
The age-adjusted mean values of ALP were 253 for non-
drinkers, 238 for current light-to-moderate drinkers, and 234 
for current heavy drinkers (P=0.006) and the corresponding 
values of hemoglobin were 14.2 g/dL, 14.4g/dL and 14.6g/
dL (P<0.001).
　Table 3 shows OR and 95% CI for anemia by ALP level in 
relation to drinking status. The J-shaped association between 
ALP levels and anemia was observed only for non-drinkers. 
With the second quartile (Q2) as the reference group, the 
multivariable adjusted OR and 95%CI for anemia were 3.34 
(95%CI: 1.28-8.74) for Q1, 3.18 (95%CI: 1.28-7.88) for Q3 
and 3.22 (95%CI:1.37-7.59) for Q4.

Table 1. Age-adjusted mean values and proportions in terms of  alkaline phosphatase (ALP) levels. 

Alkaline phosphatase (ALP) quartiles
p

Q1 (low) Q2 Q3 Q4 (high)

Median values of Serum alkaline phosphatase (ALP), IU/L
No. at risk
Age, year 
Systolic blood pressure, mmHg
Antihypertensive medication use, %
Body mass index, kg/m2

Current drinker, % 
Current smoker, %
Diabetes, %
History of cardiovascular disease, %
History of liver disease, % 
Thyroid disease, % 
Hemoglobin, g/dL
Serum triglycerides (TG), mg/dL
Serum γ-glutamyltranspeptidase (γ-GTP), IU/L
Serum creatinine, mg/dL
Glomerular Filtration Rate (GFR), mL/min/1.73m2 

173 
222

64.5±10.1
140
26.5 
24.0 
61 
18 
8.2 
7.6 
1.8 
0.0 
14.3 
128
36

0.91 
69.2 

209 
234

63.9±11.5
142
25.3 
23.8 
52 
23 
7.1 
7.9 
3.1 
0.4 
14.4 
138
41

0.95 
67.6 

251 
222

65.6±10.4
143
27.0 
23.6 
47 
26 
9.8 
5.2 
1.8 
0.9 
14.4 
150
50

0.93 
68.1 

318 
229

66.6±9.9
141
28.8 
23.4 
44 
30 

12.8 
9.3 
1.2 
0.0 
14.3 
141
61

0.92 
69.7 

 0.434 
 0.849 
 0.543 
 0.003 
 0.543 
 0.174 
 0.405 
 0.552 
 0.903 
 0.903 
 0.074 
<0.001
 0.472 
 0.523 

Age: mean ± standard deviation. p: p factor. Serum alkaline phosphatase (ALP) levels for quartiles were <194IU/L, 194-228IU/L, 229-277IU/L, and >277IU/L.

Table 2. Odds ratios (OR) and 95% confidence intervals (CI) for anemia by ALP level quartile for all subjects

ALP quartiles 1 SD increments 
in ALPQ1 (low) Q2 Q3 Q4 (high) P for trend

No. at risk
No. of cases (percentages)
Age-adjusted OR
Multivariable OR

222
28 (12.6)

1.74 (0.92-3.29)
1.91 (0.96-3.82)

234
19 (8.1)

1.00 
1.00 

222
28 (12.6)

1.55 (0.82-2.94)
1.84 (0.93-3.62)

229
45 (19.7)

2.56 (1.41-4.66)
2.83 (1.49-5.37)

0.002*
0.001*

1.32 (1.09-1.60)*
1.45 (1.15-1.81)*

Multivariable OR: adjusted further for age, systolic blood pressure, antihypertensive medication use, body mass index, smoking, alcohol intake, diabetes, 
thyroid disease, history of cardiovascular disease, history of liver disease, serum triglycerides, serum γ-glutamyltranspeptidase (γ-GTP) and glomerular filtra-
tion rate (GFR). Anemia : defined as hemoglobin <13.0g/dL. ALP levels for quartiles were <194IU/L, 194-228IU/L, 229-277IU/L, and >277IU/L. * : analyses 
were performed for ALP ≥ 194IU/L.
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4. Discussion
 

　Our findings demonstrate that the association between se-
rum ALP and anemia is J-shaped and that this association is 
confined to non-drinkers. For analyses of associations be-
tween ALP and anemia, alcohol consumption should thus be 
considered a potential confounder.
　A previous study using 69,864 ALP measurements report-
ed that 130 (0.19%) of them showed low ALP (<30U/L; ref-
erence range 30-115 U/L) and that 88 (67.7%) of these were 
comparable in age and sex and that only one case (1.2%) 
showed severe anemia.16 
　In our study, subjects whose ALP level was in the lowest 
quartile showed associations with anemia especially for non-
drinkers. We found further evidence that not only lower but 
also higher levels of ALP were associated with anemia, again 
especially for non-drinkers.   
　Side population hematopoietic stem cells in bone marrow 
decrease as individuals age,17,18 and this decline may be as-
sociated with an increase in the frequency of anemia and 
other hematopoietic disorders that are seen in the elderly.19 

Because osteoblasts, whose activity can be evaluated by 
bone-type ALP expression,4, 20 regulate the production of he-
matopoietic stem cells in bone marrow,2,3,20 serum ALP lev-
els may correlate with production of hematopoietic stem 
cells which also constitute an important determinant factor 
for hemoglobin level. Lower ALP levels may therefore be 
associated with anemia by signifying lower production of 
red blood cells. Lack of hyperfunction of bone marrow to 
compensate for anemia may also constitute an important 
mechanism for those associations. Under anemic conditions, 

activity of bone-marrow should increase to compensate for 
hemoglobin insufficiency.5 However, if the osteoblasts can-
not be activated by anemia, lower ALP may be associated 
with anemia.  
　A few previous reports have dealt with associations be-
tween ischemic stroke and anemia.21,22 And one of our stud-
ies, The Circulatory Risk in Community Study (CIRCS), 
found that not only higher but also lower ALP levels consti-
tute a risk for stroke might partly support the mechanism 
between lower ALP and anemia.7 
    On the other hand, the mechanisms that account for higher 
ALP also being associated with anemia have not been eluci-
dated. Since ALP may indicate productivity of hematopoi-
etic stem cells,2-4,20 higher ALP should be reflected in higher 
hemoglobin levels. In our present study, however, hemoglo-
bin was not associated with ALP levels, whereas anemia 
showed a significantly association. This may partly be ex-
plained by a different cause of anemia that is not only lower 
productivity of hemoglobin but also a drastic reduction of 
hemoglobin such as bleeding. To compensate for anemia 
caused by hemoglobin reduction, activity of hematopoietic 
stem cell production in bone marrow may increase, which 
would also results in ALP elevation. As for the reduced he-
moglobin productivity, the increased activity of hematopoi-
etic stem cell production in bone marrow is comparatively 
lower than that of caused by bleeding, which would result in 
low ALP levels (Fig 1). Those mechanisms may act as a con-
founding factor on the association between hemoglobin and 
ALP, so that not only compensated anemia with hemoglobin 
levels above 13g/mL but also not yet compensated anemia 
(Hb<13g/mL) may be an indication of higher ALP.

Table 3. Odds ratios (OR) and 95% confidence intervals (CI) for anemia by ALP level quartile in relation to drinking status

ALP quartiles 1 SD increments 
in ALPQ1 (low) Q2 Q3 Q4 (high) P for trend

Non-drinkers 
　No. at risk
　No. of cases (percentages)
　Age-adjusted OR
　Multivariable OR
Drinkers 
　No. at risk
　No. of cases (percentages)
　Age-adjusted OR
　Multivariable OR

86
18 (20.9)

2.84 (1.21-6.67)
3.34 (1.28-8.74)

136
10 (7.4)

0.94 (0.35-2.53)
0.71 (0.21-2.45)

112
10 (8.9)

1.00
1.00

122
9 (7.4)
1.00
1.00

118
22 (18.6)

2.61 (1.14-5.99)
3.18 (1.28-7.88)

104
6 (5.8)

0.50 (0.16-1.58)
0.82 (0.23-2.89)

129
31 (24.0)

3.12 (1.41-6.89)
3.22 (1.37-7.59)

100
14 (14.0)

1.78 (0.69-4.62)
2.56 (0.80-8.16)

0.006*
0.011*

0.200*
0.098*

1.41 (1.08-1.85)*
1.46 (1.06-2.00)*

1.24 (0.92-1.66)*
1.48 (0.97-2.25)*

Multivariable OR: adjusted further for age, systolic blood pressure, antihypertensive medication use, body mass index, smoking, alcohol intake, diabetes, thy-
roid disease, history of cardiovascular disease,  history of liver disease, serum triglycerides,  serum γ-glutamyltranspeptidase (γ-GTP) and glomerular filtration 
rate (GFR). Anemia : defined as hemoglobin <13.0g/dL. ALP levels for quartiles were <194IU/L, 194-228IU/L, 229-277IU/L, and >277IU/L. * : analyses were 
performed for ALP ≥ 194IU/L. 
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　This study has certain potential limitations, which warrant 
consideration. First, because the ALP isozyme was not mea-
sured,23 we could not assess which type of ALP was associ-
ated with the risk of anemia. Second, only limited data for 
thyroid disease were available, which may have confounded 
the associations between ALP and risk of anemia.9, 24 Further 
investigations using thyroid function data are therefore nec-
essary. Third, since no reticulocyte data were available, we 
could not evaluate any direct association between ALP and 
production of red blood cells. However, although we were 
able to establish a significant association between ALP and 
anemia, the age-adjusted mean values of hemoglobin showed 
no significant association with ALP. This could be partly ex-
plained by the effects of compensation for anemia. Further, 
although the association between ALP levels and risk of ane-
mia was shown to be independent of the traditional risk fac-
tors, we did not adjust for other potential confounders whose 
values were associated with ALP, such as calorie, protein, 
vitamin C, magnesium, and zinc deficiencies,16 nor the vol-
ume of alcohol consumption.     
　In conclusion, not only lower but also higher levels of se-
rum ALP are associated with anemia among men, especially 
for non-drinkers. For analyses of associations between ALP 
and anemia, alcohol consumption should thus be considered 
a potential confounder.
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Figure 1. Association between serum ALP and anemia. Ability of compensation for anemia is a) (Hb↑) < b) (Hb↑↑). 
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Figure 1. Association between serum ALP and anemia. Hb:hemoglobin. Ability of compensation for anemia is a) (Hb↑) < b) (Hb↑↑).  

References

 1. Schoppet M, Shanahan CM. Role for alkaline phosphatase as an in-
ducer of vascular calcification in renal failure? Kidney Int 73:989-991, 
2008

 2. Calvi LM, Adams GB, Weibrecht KW, et al. Osteoblastic cells regu-
late the haematopoietic stem cell niche. Nature 425:841-846, 2003

 3. Zhang J, Niu C, Ye L, et al. Identification of the haematopoietic stem 
cell niche and control of the niche size. Nature 425:836-841, 2003

 4. Lumachi F, Ermani M, Camozzi V, et al. Changes of bone formation 
markers osteocalcin and bone-specific alkaline phosphatase in post-
menopausal women with osteoporosis. Ann NY Acad Sci 1173:60-63, 
2009

 5. Walkley CR. Erythropoiesis, anemia and the bone marrow microenvi-
ronment. Int J Hematol 93:10-13, 2011

 6. Crilly RG, Jones MM, Horsman A, et al. Rise in plasma alkaline phos-
phatase at the menopause. Clin Sci (Lond) 58:341-342, 1980 

 7. Shimizu Y, Imano H, Ohira T, et al. Alkaline phosphatase and risk of 
stroke among Japanese: The Circulatory Risk in Community Study 
(CIRCS). J Stroke Cerebrovascular Dis 22:1046-1055, 2013

 8. Shimizu Y, Nakazato M, Sekita T, et al. Association between alkaline 
phosphatase and hypertension in a rural Japanese population: The Na-
gasaki Islands Study. J Physiol Anthropol 32:10, 2013

 9. Shimizu Y, Nakazato M, Sekita T, et al. Free thyroxine (FT4) and ane-
mia in relation to drinking status of Japanese men: The Nagasaki is-
lands study. Endocr J 60:1029-1034, 2013

10. Shimizu Y, Maeda K, Imano H, et al. Chronic kidney disease and 
drinking status in relation to risks of stroke and its subtypes: the Circu-
latory Risk in Community Study (CIRCS). Stroke 42:2531-2537, 2011  

 11. Imai E. Equation for estimating GFR from creatinine in Japan. Nihon 
Rinsho 66:1725-1729, 2008 [Article in Japanese]

12. Kashiwagi A, Kasuga M, Araki E, et al. Committee on the Standardiza-
tion of Diabetes Mellitus-Related Laboratory Testing of Japan Diabe-
tes Society: International clinical harmonization of glycated hemoglo-
bin in Japan: From Japan Diabetes Society to National Glycohemoglobin 
Standardization Program values. J Diabetes Invest 3:39-40, 2012

13. American Diabetes Association. Diagnosis and classification of dia-
betes mellitus. Diabetes Care 33:S62-69, 2010

14. Beutler E, Waalen J. The definition of anemia: what is the lower limit 
of normal of the blood hemoglobin concentration? Blood 107:1747-
1750, 2006

15. Milman N, Pedersen AN. Blood haemoglobin concentrations are 
higher in smokers and heavy alcohol consumers than in non-smokers 
and abstainers: should we adjust the reference range? Ann Hematol 
88:687-694, 2009



130 Yuji Shimizu et al.: Alkaline Phosphatase and Anemia

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

17. Brusnahan SK, McGuire TR, Jackson JD, et al. Human blood and 
marrow side population stem cell and stro-1 positive bone marrow 
stromal cell numbers decline with age, with an increase in quality of 
surviving stem cells: correlation with cytokines. Mech Ageing Dev 
131:718-722, 2010

18. Garvin K, Feschuk C, Sharp JG, et al. Does the number or quality of 
pluripotent bone marrow stem cells decrease with age? Clin Orthop 
Relat Res 465:202-207, 2007

19. Guralnik JM, Ershler WB, Schrier SL, et al. Anemia in the elderly: a 
public health crisis in hematology. Hematology Am Soc Hematol Educ 
Program 528-532, 2005

20. Hager S, Lampert FM, Orimo H, et al. Up-regulation of alkaline phos-
phatase 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 
15:3437-3447, 2009 

21. Akins PT, Glenn S, Nemeth PM, et al. Carotid artery thrombus associ-
ated with severe iron-deficiency anemia and thrombocytosis. Stroke 
27:1002-1005, 1996

22. Mehta P.J, Chapman S, Jayam-Trouth A, et al. Acute ischemic stroke 
secondary to iron deficiency anemia: a case report. Case Rep Neurol 
Med 2012:487080, 2012

23. Wilkinson JH. Clinical applications of isoenzymes. Clin Chem 16:733-
739, 1970 

24. Sekeroglu MR, Altun ZB, Algün E, et al. Serum cytokines and bone 
metabolism in patients with thyroid dysfunction. Adv Ther 23:475-
480, 2006


