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ABSTRACT

Objective The range of normal serum alkaline
phosphatase is not well defined. We used data from the
National Health and Nutrition Examination Survey from
2009 to 2016 to generate normal ranges for a racially
diverse sample of healthy adults.

Methods Respondents 18 years or older were included.
Conditions known to elevate alkaline phosphatase were
cause for exclusion. Alkaline phosphatase was measured
using a colorimetric method based on standardised
National Health and Nutrition Examination Survey
protocols. Because alkaline phosphatase values were

not normally distributed, log transformation was used.
We calculated upper limits of normal (97.5 percentile),
stratified by sex and race/ethnicity, and 90% Cls for the
upper limits of normal.

Results 1199 respondents (673 female, 526 male) had
body mass index from 18.5 to less than 25. Upper limits
of normal were highest among Hispanics (123.2 1U/L
(90%Cl 110.2 to 136.7) for females; 123.81U/L (90% Cl
112.0 to 135.1) for males), followed by African Americans
(109.91U/L (90% Cl 97.3 to 122.4) for females; 116.31U/L
(90% Cl 105.0 to 126.1) for males) and whites (97.1 IU/L
(90% Cl 91.0 to 103.4) for females; 109.6 IU/L (90% Cl
102.1 to 116.3) for males). Asian American/Pacific Islander
respondents had the lowest results: 93.8IU/L (90% Cl 88.2
t0 99.5) for females and 95.31U/L (90% Cl 88.1 to 102.1)
for males.

Conclusions The upper limit of normal alkaline
phosphatase varies by race/ethnicity in a large US sample
with body mass index of 18.5<25.

INTRODUCTION

Circulating alkaline phosphatase (ALP)
primarily originates from the liver and bones
and is routinely used as a as a marker of
hepatic/biliary injury. Values exceeding the
upper limit of normal (ULN) often prompt
further clinical follow-up, including measure-
ment of gamma-glutamyl transferase and
fractionation of ALP to determine the origin
of this elevation—thus the establishment of
appropriate cutoffs has clinical implications.
Standard procedures for the establishment

What is already known about this subject?

» The normal alkaline phosphatase levels were es-
tablished many years ago, and they have not been
validated in an ethnically diverse population.

What are the new findings?

» Alkaline phosphatase levels are lower than previ-
ously described and vary according to sex and race/
ethnicity. This may set a new ‘healthy’ if confirmed.

How might it impact on clinical practice in the

foreseeable future?

» The knowledge of healthy levels of alkaline phos-
phatase can assist in early identification of disease
process such as primary biliary cholangitis and as-
sist in appropriate medication adjustments, progno-
sis and overall patient care.

of reference ranges for laboratory assays were
published by the International Federation of
Clinical Chemistry in 2011;] however, there
is considerable variation in results for ALP
across various laboratories, and there is not
universal acceptance of a single ULN. More-
over, published reference intervals have been
derived from racially and ethnically homoge-
neous samples, such as Northern European2
or, more recently, Han Chinese,3 which may
not be generalisable to the multiracial popu-
lation of the USA. We used demographic and
laboratory data from the annual National
Health and Nutrition Examination Survey
(NHANES)* collected from 2009 to 2016
to evaluate normal ranges of ALP among a
large, racially diverse sample of healthy adults
in the USA.

METHODS

Deidentified NHANES data are made avail-
able for public use; respondents 18 years
or older were included. Respondents were
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excluded if they had evidence of any of the condi-
tions known to elevate ALP or if there was missing data
regarding those conditions, including pregnancy; infec-
tion with hepatitis B or C or HIV; significant alcohol
intake (>21 standard drinks/week in males and >14 stan-
dard drinks/week in females); metabolic syndrome (as a
surrogate for non-alcoholic fatty liver disease) or chronic
kidney disease/end stage renal disease (creatinine
>1.5mg/dL or dialysis). Variables of interest included
age, sex, self-reported race/ethnicity (Asian American/
Pacific Islander (AAPI), Black/African American (AA),
white and Hispanic ethnicity (of any race)), body mass
index (BMI; categorised as <18.5, 18.5<25, 25<30, 30<35,
35<40 and 240).

NHANES uses standardised specimen collection,
handling and analysis procedures.” During the study
period, all specimens were analysed using the UniCel
DxC800 Synchron Clinical System (Beckman Coulter);
this system uses a colorimetric kinetic rate method using
a 2-amino-2-methyl-1-propanol buffer to measure ALP
activity in serum.’ Reported reference ranges for this
analyzer are 32-911U/ L’

Analysis was confined to respondents with BMI 18.5<25.
Box-Cox transformation was considered given ALP was
not normally distributed.® We performed multivariable
regression to test the effects of sex and race/ethnicity on
the transformed ALP values, including consideration of
sex-by-race interactions and variables or variable interac-
tion, which were retained in the model if p<0.05. Hoff-
mann’s method using a Q-Q (quantile-quantile) plot of
transformed ALP was used to estimate the ULN, defined
as the 97.5th percentile for each stratified covariate
retained in the multivariable model.” ' One thousand
simulations were conducted to generate 90% ClIs for the
ULN; groups were considered to be significantly different
from one another if Cls did not overlap.

RESULTS
A total of 3053 respondents were included, 1199 (673
female, 526 male) of whom had BMI 18.5<25. Table 1
displays the distribution of respondents by race/
ethnicity. Because ALP values were not normally distrib-
uted (figure 1), log transformation was used. Age was not
associated with ALP and was not included in further anal-
ysis. Sex and race/ethnicity were significantly associated
with ALP (p<0.0001) and retained the model.

Figure 2 displays the 97.5 percentile (ULN) for ALP
with 90% ClIs for each value, stratified by race/ethnicity

Table 1 Distribution of sample by race/ethnicity
Race/Ethnicity N Per cent
Hispanic (of any race) 204 17.01
White 453 37.78
Black/African American 209 17.43
Asian American/Pacific Islander 333 27.77

ULN (97.5 percentile) of ALP for NHANES
respondents with BMI| 18.5<25
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Figure 1 Distribution of alkaline phosphatase values in the
analytic sample of respondents with BMI 18.5<25. Mean ALP
was 60.21U/L; median was 57 IU/L; Q1 was 47 1U/L; Q3 was
69IU/L. Skewness was 1.87. Kurtosis was 10.69. AA, African
American; AAPI, Asian American/Pacific Islander; ALP,
alkaline phosphatase; BMI, body mass index; Hisp, Hispanic
includes any race; LCL, lower confidence limit; NHANES,
National Health and Nutrition Examination Survey; UCL,
upper confidence limit; ULN, upper limit of normal.
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and sex. ALP values were highest among Hispanics
(123.2IU/L (90%CI 110.2 to 136.7) for females and
123.8TU/L (90% CI 112.0 to 135.1) for males), followed
by AAs (109.9I1U/L (90% CI 97.3 to 122.4) for females
and 116.3IU/L (90% CI 105.0 to 126.1) for males) and
whites (97.11U/L (90% CI 91.0 to 103.4) for females and
109.61U/L (90%CI 102.1 to 116.3) for males). AAPI
respondents had the lowest results (93.81U/L (90% CI
88.2 to 99.5) for females and 95.31U/L (90% CI 88.1
to 102.1) for males). Notably, the ULN for AAPI male
respondents was significantly lower than for all other
race/ethnic groups, while the ULN for Hispanic female
respondents was significantly higher than for AAPI and
white females.

DISCUSSION

Using a large, racially diverse sample of healthy NHANES
respondents, we found that the 97.5th percentile levels
of ALP varied significantly by sex and race/ethnicity.
Male AAPIs had a significantly lower ULN (95.31U/L)
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Figure 2 97.5th percentile values (IU/L) for alkaline
phosphatase derived from adult respondents to the National
Health and Nutrition Examination Survey with body mass
index 18.5<25. ALP, alkaline phosphatase; NHANES,
National Health and Nutrition Examination Survey.

compared with other race/ethnic groups; ULNs for
female AAPIs and whites were also lower than for other
groups, but there was some overlap in Cls. Hispanics of
both sexes had the highest ULNSs; this difference was
significant in females compared with AAPIs and whites.
Our study has some limitations. Although use of
NHANES data permits access to a large, geographically
and racially diverse sample, detailed health informa-
tion beyond that collected for the survey is not avail-
able. Specifically, we lack data regarding conditions
whose prevalence may vary by race/ethnicity and that
may affect ALP (eg, hyperparathyroidism11 or thyroid
disordersm). Likewise, data regarding individual ALP
isoenzymes that estimate the proportion of ALP origi-
nating from different tissue sources was not available. A
prospective study design that accounts for these limita-
tions may be necessary to confirm that our results were
not confounded by these variables. In addition, explor-
atory analyses did not suggest any consistent relationship
between ALP and BMI category by race/ethnicity or sex
(data not shown). As a result, our sample was also limited
to respondents with BMI 18.5>25 in an effort to generate
‘normal’ values among a healthy sample of individuals.
We note with interest that all 97.5th percentile values
in our sample exceeded the reference range reported
in the manual for the analyzer used (911U/L). Because
the demographic characteristics of the sample used to
develop these ranges were not available, we are unable to
speculate as to possible reasons for this discrepancy. Vari-
ation in laboratory analyzer output ranges has impeded
the development of a widely accepted standard refer-
ence range for ALP; as a result, manufacturers recom-
mend calibration of analyzer equipment at each site.
Our findings underscore the importance of selecting an
appropriate patient pool for this calibration, in order to
generate normal ranges that reflect the sex and racial

profile of the patients at each health system. Failure to
reference appropriate normal values can impact care.

In particular, normal ALP (and multiples of the ULN)
are frequently used in the diagnosis and evaluation of
treatment efficacy for primary biliary cholangitis (PBC).
White women are most commonly affected by PBC, and
as a result, much of the literature reflects laboratory
parameters derived from this cohort. Our data suggest
that these values may not appropriately represent normal
ranges in male patients and those from other racial
groups, potentially impacting their care. Future prospec-
tive studies in large, racially diverse samples are needed
to confirm our results.
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