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Abstract
Objective: To examine the associations between serum 25-hydroxyvitamin D
(25(OH)D) levels and serum liver enzymes in a representative sample of US adults.
Design: The cross-sectional study sample consisted of 24 229 adults with data
on serum 25(OH)D levels and serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) and gamma-glutamyl trans-
aminase (GGT) concentrations, in addition to data on other potential confounders.
Multivariate logistic regression and linear regression were applied to assess the
associations between serum 25(OH)D levels and ALT, AST, ALP and GGT concen-
trations.
Setting: The National Health and Nutrition Examination Survey, 2001–2006.
Participants: The cross-sectional study sample consisted of 24 229 adults.
Results: We found a significant association between low serum 25(OH)D levels
(<30 nmol/l) and ALP levels in all participants (OR 2·67; 95% CI 1·98, 3·59;
P< 0·001), a confirmed healthy population (OR 3·02; 95% CI 2·25, 4·07; P< 0·001)
and individuals with viral hepatitis (OR 2·87; 95% CI 1·52, 5·44; P= 0·006) compared
with those who had normal 25(OH)D levels (>50 nmol/l). Moreover, in both the
logistic regression and linear regression, the associations between 25(OH)D levels
and ALP levels were stronger in the subgroups with obesity. No association
was present between ALT, AST or GGT levels and serum 25(OH)D levels in this
population.
Conclusions: The results of the present study provide epidemiological evidence
that vitamin D deficiency is associated with liver ALP levels in humans. This finding
suggests a potential adverse effect of low 25(OH)D levels on human liver function.
However, the underlying mechanisms still need further investigation.
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Vitamin D, a fat-soluble secosteroid, has crucial roles
mainly in accelerating intestinal absorption in humans(1).
Under normal physiological conditions, vitamin D is
transported from the blood to the liver tissue, is further
hydroxylated to form 25-hydroxyvitamin D (25(OH)D)
in the liver and is finally released into the blood.

In addition to its traditional skeletal adverse effect(2),
vitamin D deficiency has been now recognised to exert
abnormal biological effects on several other organ sys-
tems (e.g. cardiovascular risk(3), diabetes(4), metabolic
syndrome(5), some common cancers and autoimmune
diseases(6)) in humans. Recently, some studies have
found that vitamin D deficiency is common in patients
with chronic liver disease and vitamin D levels are
inversely correlated with the severity of chronic liver
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disease(7,8). For instance, epidemiological studies have
found that non-alcoholic fatty liver disease patients have
a marked decrease in serum 25(OH)D concentrations(9).
In addition, lower vitamin D status in patients is closely
associated with histopathological features of non-
alcoholic fatty liver disease(10). These results suggest
potential associations between 25(OH)D levels and
liver function. However, currently the information on
associations between vitamin D status and liver enzymes
is lacking.

Herein, we performed the first cross-sectional study
exploring the relationship between serum 25(OH)D levels
and serum levels of four enzymes commonly used in liver
function tests (alanine aminotransferase, aspartate amino-
transferase, alkaline phosphatase (ALP), and gamma-
glutamyl transaminase (GGT)) in US adults. Elucidation
of these relationships may be of clinical importance in for-
mulating preventative or therapeutic strategies for liver
dysfunction.

Method

Study population
The National Health and Nutrition Examination Survey
(NHANES), a study of a nationally representative sample
of the US population(11), was conducted by the National
Center for Health Statistics of the Centers for Disease
Control and Prevention. A detailed description of the study
design has been published elsewhere(12,13). To explore
whether a potential relationship is present between low
25(OH)D levels and serum hepatic enzyme levels in adults,
we used a database including all available serum 25(OH)D
levels from 2001 to 2006. We excluded data from partici-
pants who lacked serum 25(OH)D levels and liver enzyme
concentrations, those who were pregnant, those younger
than 18 years old or those who reported suffering from
osteoporosis. The final sample included 24 229 partici-
pants. The study was approved by the National Center
for Health Statistics Research Ethics Review Board.

Assessment of serum 25-hydroxyvitamin D levels
The DiaSorin RIA kit was used to measure serum 25(OH)D
concentrations from the NHANES 2001–2006 at the National
Center for Environmental Health. A detailed description is
available on the website(14). It is noteworthy that before
October 2015, there was excessive method bias and impre-
cision in themethods used tomeasure 25(OH)D levels in the
NHANES. Thus, a model according to RIA quality control
pool data was selected based on the idea that the results
should be independent of any empirical trend in the sample
participant data(15). As a consequence, the 25(OH)D data
from theNHANES2003–2004 and 2005–2006were generally
adjusted to lower and higher values, respectively(15).
According to the Institute of Medicine report defining
vitamin D deficiency and insufficiency in the USA(16),

the three categories of deficiency were as follows:
(a) adequate vitamin D level (serum 25(OH)D≥ 50 nmol/l),
(b) insufficient vitamin D level (serum 25(OH)D ≥
30 nmol/l but below 50 nmol/l) and (c) deficient vitamin D
level (serum 25(OH)D< 30 nmol/l).

Liver enzyme measurement
Serum biochemical parameters, such as alanine amino-
transferase, aspartate aminotransferase, ALP and gamma-
glutamyl transaminase, were measured using a Hitachi
model 704 multichannel analyser in 2001–2002. Starting
in 2003, NHANES used the Beckman Synchron LX20 ana-
lyser to detect the biochemistry profile. Although two
different test methods are presented in our data, the dis-
tribution of the liver enzyme levels was nearly identical
in the whole study period 2001–2006. As a consequence,
cut-off points were recommended in 2001–2010 to define an
abnormal status of alanine aminotransferase (>47 IU/l in
men or >30 IU/l in women), aspartate aminotransferase
(>33 IU/l in men and women), ALP (>113 IU/l in men
and women) and gamma-glutamyl transaminase (>65 IU/l
in men or >36 IU/l in women).(17)

Covariates
A wide range of sociodemographic variables was collected
during the NHANES 2001–2006, such as age, gender, race
and ethnicity, education and poverty-income ratio.
Behavioural risk factors, such as alcohol drinking, were
obtained from the questionnaire. In addition, NHANES
participants reportedmedical conditions, including osteopo-
rosis. BMI (body weight divided by height squared, kg/m2)
wasmeasured by trained examiners. Serum cotinine levels, a
marker of smoking status, were measured from labora-
tory examinations. Additionally, hepatitis B infection status
(infection defined as surface antigen- or core antibody-
positive) and hepatitis C infection status (infection defined
as antibody-positive) were obtained from laboratory
examinations.

Statistical methods
To investigate the relationship between serum 25(OH)D
concentrations and abnormal liver enzyme levels, we used
weightedmultiple variable logistic regression and listed the
associations with the OR and 95 % CI, as well as the inter-
action between gender, BMI, alcohol consumption and the
categories of serum 25(OH)D levels. The associations
between serum 25(OH)D concentrations and continuous
enzyme levels were assessed using weighted multiple
variable linear regression models. We calculated two
multivariate adjusted geometric means and 95 % CI of liver
enzyme levels by categories of serum 25(OH)D levels. As
liver enzyme levels are influenced by patients’ hepatitis
condition, we conducted separate analyses stratified
by hepatitis status. The unadjusted and two multivariate
models were conducted after adjusting for model a, which
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encompassed age, gender, race and ethnicity, and model b,
which included age, gender, race and ethnicity, education,
BMI, cotinine, alcohol intake and poverty-income ratio.
The highest level (adequate concentration) was used as
the reference value. In addition, we performed a test
for the trend of the OR to assess the association between
elevated liver enzyme levels and 25(OH)D levels and
25(OH)D coded as an ordinal variable. Moreover, we
present the magnitudes of association as the average per-
centage difference in liver enzyme levels for an interquartile
(75th/25th percentiles) contrast of serum vitamin D, calcu-
lated as ((interquartile ratio^Beta)–1)× 100. Confirmed healthy
population refers to thosewhoarenegative for hepatitis B and
hepatitis C antibodies and those who chose ‘No’ to the ques-
tionnaire question related to ‘any liver condition’. Then,
according towhether or not the individual drank, the group
was further divided into a non-alcoholic healthy popula-
tion and an alcoholic healthy population. The subjects
whowere positive for hepatitis B and hepatitis C antibodies
were categorised as viral hepatitis. The above statistical
analyses were performed with the Statistical Analysis
Software package, version 9.2 (SAS Institute, Inc.). A
P value <0·05 was designated as the cut-off for statistical
significance.

Result

The final analytic population included 24 229 participants
(12 487 males and 11 742 females; Fig. 1). Table 1 presents
the baseline characteristics and mean concentrations of

serum 25(OH)D, alanine aminotransferase, aspartate
aminotransferase, ALP and gamma-glutamyl transami-
nase levels (adequate, inadequate and deficient status)
among the participants included in the present study
from the NHANES 2001–2006 database. Overall, female
(59·0 %), non-Hispanic black (57·3 %) and obese
(45·9 %) participants represented the greatest proportion
of vitamin D-deficient individuals in the sample.

Considering that osteoporosis and age may be con-
founding factors, we excluded people who had osteopo-
rosis. At the same time, we present the relationship
between age and ALP, and the proportion of vitamin D
deficiency in the elderly population was not larger than
that in the other subgroups in our study (Supplemental
Fig. 1).

A scatter diagram showed an approximately inverse
relationship between log-transformed 25(OH)D levels
and log-transformed ALP levels (Fig. 2). We further found
that lower 25(OH)D levels were associated with higher
odds of abnormal ALP (Table 2), and the results were
largely similar after adjusting for the two models.
Compared to those with adequate 25(OH)D concentra-
tions, those who had inadequate and deficient statuses
had an OR of 1·41 (95 % CI 1·12, 1·77) and 2·67 (95 %
CI 1·98, 3·59), respectively, for abnormal levels of ALP,
while the other three liver enzymes were not significantly
different in model b. According to a previous study, liver
enzyme levels are affected by alcohol intake and hepa-
titis status(17). In our study, negative results were found
in both the non-alcoholic healthy population and alco-
holic healthy population. In the viral hepatitis subgroup

Adults who attended NHANES

medical exams 2001–2006:

N 28 825

Eligible cohort for analyses

N 25 034

Seruim hepatic enzyme

measured N 24 229

Final analysis sample for outcome measures:

ALT, N 24 027

AST, N 24 025

GGT, N 24 097

ALP, N 24 099

Alcohol used, N 12 886

Hepatitis B surface antibody, N 13 482

Hepatitis C antibody, N 13 417

Exclusions pregnant

Missing data on one or more outcome

Missing data on 25-hydroxyvitamin D measured

Fig. 1 Eligible participants and those included in the analyses of the associations between serum 25-hydroxyvitamin D and alkaline
phosphatase (ALP) in adults. NHANES, National Health and Nutrition Examination Survey; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, gamma-glutamyl transaminase
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analysis, an abnormal level of ALP was inversely associ-
ated with low 25(OH)D levels in both the confirmed
healthy subpopulation (ORdeficient v. adequate 3·02, 95 %
CI 2·25, 4·07; Pfor trend < 0·001) and in the viral hepatitis
subpopulation (ORinadequate v. adequate 2·13, 95 % CI 1·34,
3·39; ORdeficient v. adequate 2·87, 95 % CI 1·52, 5·44;
Pfor trend: 0·006).

For each doubling to tripling (interquartile ratio con-
trast) in serum vitamin D levels, the percentage difference
in ALP levels in the various groups ranged from –3·8 to
–5·3 % (entire sample), –3·3 to –5·1 % (confirmed healthy),

–3·9 to –8·4 % (non-alcoholic healthy), –0·7 to –7·2 % (alco-
holic healthy) and –3·7 to –7·4 % (viral hepatitis) (Fig. 3).

In the subgroup analysis by gender, BMI and alcohol
intake, the inverse association between low serum
25(OH)D concentrations and abnormally high OR of ALP
levels appeared to be somewhat stronger among those
who were male, obese and drank alcohol (Supplemental
Fig. 2). Similar to the interquartile ratio-contrasting serum
vitamin D levels, the percentage difference in ALP levels
in the sample ranged from –3·5 to –5·3 % in the different
subgroup analyses (Supplemental Fig. 3). However, there

Table 1 Selected characteristics of study sample by serum 25-hydroxyvitamin D (25(OH)D) category in adults, National Health and Nutrition
Examination Survey (NHANES) (2001–2006)

Serum 25(OH)D

Characteristics*

Adequate (>50 nmol/l)
(n 14 971)

Inadequate (30–50 nmol/l)
(n 6904)

Deficient (<30 nmol/l)
(n 2354) P values

Mean % SD Mean % SD Mean % SD

Age (years) 48·7 19·4 45·6 19·3 43·9 19·5 <0·001
Vitamin D (nmol/l) 73·1 18·8 40·4 5·9 23·4 4·6 <0·001
ALT (U/l) 25·6 24·3 26·4 31·9 23·4 17·2 <0·001
AST (U/l) 25·7 14·7 26·1 27·2 25·6 18·6 <0·001
ALP (U/l) 69·2 23·9 73·2 24·1 77·5 41·6 <0·001
GGT (U/l) 28·1 35·2 31·4 50·6 34·0 65·0 <0·001
Alcohol intake per d (g) 12·1 32·6 9·1 27·2 9·3 30·3 <0·001
Gender <0·001
Male 53·9 50·1 41·0
Female 46·1 49·9 59·0

Race and ethnicity <0·001
Mexican American 17·3 27·2 17·9
Other Hispanic 6·7 7·5 4·8
Non-Hispanic White 63·0 28·3 15·0
Non-Hispanic Black 9·4 31·6 57·3
Other race 3·6 5·4 5·0

Education levels <0·001
<9th grade 11·5 14·6 11·0
9th–11th grade 12·9 16·7 18·7
High school/GED 22·6 20·4 21·8
Some college or AA degree 25·5 24·0 24·3
College and higher 21·0 13·9 11·3

BMI <0·001
<25 kg/m2 34·5 26·5 25·9
25–30 kg/m2 35·6 31·9 24·9
>30 kg/m2 28·2 39·1 45·9

Serum cotinine <0·001
<0·01 ng/ml (LOD) 61·8 56·8 48·8
0·01–10 ng/ml 12·8 15·2 19·2
>10 ng/ml 25·1 27·7 31·7

Alcohol use (g/d) <0·001
0 72·5 78·6 80·2
0·01–4·9 19·5 15·0 13·0
5–14·9 6·8 5·6 5·6
15–29·9 1·0 0·7 1·1
≥30 0·1 0·1 0·1

PIR <0·001
≤1 16·8 22·8 25·5
>1 76·6 69·6 67·3

Hepatitis B surface antibody 0·003
Positive 10·8 13·0 14·2

Hepatitis C antibody 0·585
Positive 1·0 1·1 1·3

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transaminase; GED, General Educational
Development; AA, Associate in Arts; LOD, limit of detection; PIR, poverty-income ratio.
*Weighted percentage.
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were no significant interactions between serum 25(OH)D
levels and gender, BMI, alcohol consumption for the ALP
levels in either the logistic regression model or linear
regression model.

Discussion

In this large sample of US adults, we first found that low
serum 25(OH)D levels were inversely associated with a
higher risk of having abnormal levels of liver enzymes,
mainly ALP. Inverse associations with liver enzymes largely
persisted in participants with viral hepatitis. In addition,
stronger associations were found between 25(OH)D and
ALP among individuals who were male, obese and drank
alcohol habitually.

Among all commonly measured enzymes in the liver
function tests, ALP has been less extensively studied.
From a traditional perspective, serum ALP has mostly been
reported to be associated with osteoporosis. Although we
excluded participants with osteoporosis, age may be
another influencing factor that is highly correlated with
osteoporosis. However, in the present study, we found that
the prevalence of vitamin D deficiency did not increase with
age. Thus, age was not the main factor affecting the relation-
ship between vitamin D and ALP in our study.

Previous epidemiological studies have shown that there
is no difference in ALP levels between those with and with-
out 25(OH)D deficiency among a Pakistan population(18).
Similarly, results among Australians showed that there
were no differences in ALP levels among different

vitamin D concentration classifications. Further, there
was no difference in ALP levels between the vitamin D
supplement group and the placebo group(19). It is worth
mentioning that the sample size of the above studies was
small. A meta-analysis showed that vitamin D supplemen-
tation reduces ALP levels in people with nonalcoholic fatty
liver disease(20). In addition, one study showed that mater-
nal vitamin D deficiency can cause increased ALP levels in
offspring(21). Jesudason et al. reported that vitamin D insuf-
ficiency is inversely related to serum ALP in postmeno-
pausal women(22). Our results are consistent with
previous studies, but the associations are presented in gen-
eral adults. Welz et al.(23) found that HIV-infected patients
who were treated with efavirenz had severe vitamin D defi-
ciency and increased ALP levels simultaneously. Although
the authors did not explain the coexistence of vitamin D
deficiency and increased ALP levels, several studies have
suggested that efavirenz leads to hepatotoxicity in
humans(24,25) and slight bone toxicity(26). Thus, it is essential
to explore the relationships between 25(OH)D levels and
liver health. In general, higher ALP levels occur if the bile
ducts are obstructed(27) or if bone conditions are present(28).
One of the articles showed that ALP levels were higher in
consecutive patients with 25(OH)D concentrations of
≤10 nM(29), and the authors speculated that the elevated
ALP may be due to increased bone formation. In the present
study, we excluded individuals with osteoporosis to some
extent to eliminate confounding factors in our analysis.

The relationship and mechanism between vitamin D
deficiency and ALP levels are rarely reported in mouse,
rat or cell studies. However, it has been found that adding
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Fig. 2 (colour online) Scatter plot and a fitted line with a 95%CI of the relationship between serum 25-hydroxyvitamin D and alkaline
phosphatase in males (a) and females (b)
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Table 2 Adjusted associations of two models between categories of serum 25-hydroxyvitamin D and abnormal levels of ALT, AST, ALP and GGT, NHANES (2001–2006)

Population
(numbers)

Abnormal
levels of
liver

enzyme*

Serum 25-hydroxyvitamin D (25(OH)D)

Model† Model‡

Adequate
(> 50
nmol/l)

Inadequate
(30–50
nmol/l)

Deficient
(<30 nmol/l) Pfor trend

Adequate
(> 50 nmol/l)

Inadequate
(30–50 nmol/l)

Deficient
(<30 nmol/l) Pfor trend

All population
(24 229)

ALT Ref 1·25 1·13–1·37 1·15 0·98–1·34 <0·001 Ref 1·12 0·97–1·29 1·00 0·78–1·28 0·002
AST Ref 1·12 1·01–1·22 1·23 1·06–1·42 0·001 Ref 1·09 0·94–1·26 1·11 0·87–1·42 0·203
ALP Ref 1·43 1·24–1·65 2·45 2·03–2·95 <0·001 Ref 1·41 1·12–1·77 2·67 1·98–3·59 <0·001
GGT Ref 1·17 1·06–1·30 1·52 1·32–1·75 <0·001 Ref 1·05 0·90–1·21 1·13 0·91–1·41 0·001

Confirmed
healthy
population
(10 436)

ALT Ref 1·25 1·08–1·45 1·09 0·84–1·41 0·001 Ref 1·20 1·02–1·41 1·11 0·84–1·48 0·006
AST Ref 1·05 0·91–1·23 1·18 0·92–1·51 0·064 Ref 1·06 0·89–1·26 1·07 0·80–1·44 0·418
ALP Ref 1·25 1·01–1·55 2·43 1·83–3·22 <0·001 Ref 1·32 1·03–1·69 3·02 2·25–4·07 <0·001
GGT Ref 1·16 1·00–1·34 1·36 1·09–1·70 <0·001 Ref 1·22 0·91–1·63 1·11 0·72–1·71 <0·001

Non-alcoholic
healthy
population
(8605)

ALT Ref 1·21 1·03–1·43 1·05 0·79–1·39 0·018 Ref 1·15 0·94–1·40 1·20 0·87–1·66 0·121
AST Ref 1·06 0·89–1·26 1·13 0·85–1·51 0·101 Ref 1·05 0·85–1·30 1·12 0·79–1·59 0·130
ALP Ref 1·19 0·94–1·50 2·32 1·71–3·15 <0·001 Ref 1·21 0·91–1·60 2·28 1·59–3·26 0·003
GGT Ref 1·10 0·93–1·30 1·23 0·95–1·58 0·002 Ref 1·10 0·91–1·34 1·29 0·97–1·73 0·004

Alcoholic healthy
population
(1338)

ALT Ref 1·82 1·20–2·75 1·95 0·96–4·00 0·009 Ref 1·54 1·12–2·11 1·27 0·69–2·34 0·008
AST Ref 1·22 0·84–1·76 1·21 0·65–2·24 0·406 Ref 1·05 0·78–1·42 0·96 0·55–1·65 0·443
ALP Ref 1·48 0·72–3·03 2·20 0·80–6·03 0·11 Ref 1·15 0·59–2·22 4·76 2·17–10·43 0·008
GGT Ref 1·45 1·00–2·12 1·99 1·12–3·55 0·008 Ref 1·12 0·81–1·54 1·09 0·65–1·83 0·084

Viral hepatitis
(2996)

ALT Ref 1·32 1·02–1·71 1·15 0·77–1·73 0·049 Ref 1·36 1·04–1·79 1·02 0·64–1·61 0·051
AST Ref 1·18 0·91–1·54 1·12 0·76–1·66 0·666 Ref 1·47 1·11–1·94 1·34 0·87–2·08 0·140
ALP Ref 2·08 1·39–3·13 2·77 1·62–4·72 0·001 Ref 2·13 1·34–3·39 2·87 1·52–5·44 0·006
GGT Ref 1·12 0·84–1·50 1·28 0·86–1·90 0·398 Ref 1·21 0·91–1·63 1·13 0·72–1·71 0·276

ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transaminase; NHANES, National Health and Nutrition Examination Survey.
*Defined as >47 IU/l in men or >30 IU/l in women for ALT, >33 IU/l in men and women for AST, >113 IU/l in men and women for ALP and >65 IU/l in men or >36 IU/l in women for GGT.
†Adjusted for age (continuous), gender (male, female), race and ethnicity (Mexican American, other Hispanic, non-Hispanic White, non-Hispanic Black and other).
‡Adjusted for age (continuous), gender (male, female), race and ethnicity (MexicanAmerican, otherHispanic, non-HispanicWhite, non-Hispanic Black and other), education (<9th grade, 9–11th grade, high school graduate/GED, some college or
AA degree, college graduate or above), poverty:income ratio (≤1 and >1), BMI (<25, 25–30 and >30 kg/m2), alcohol use (0, 0·01–4·9, 5–14·9, 15–29·9 and ≥30) and cotinine level (<0·01 ng/ml (LOD), 0·01–10 ng/ml and >10 ng/ml).
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vitamin D to cells can increase ALP activity(30,31). In addi-
tion, supplementation of 1α, 25(OH)D (3) could increase
ALP concentrations in mice with low ALP levels(32). More
mechanism studies are needed to explore the relationship
between vitamin D deficiency and ALP concentrations.

In the present study, we found strong associations
between vitamin D deficiency and higher ALP levels in
individuals with viral hepatitis. Petta et al. reported that
chronic hepatitis C subjects had low 25(OH)D serum con-
centrations as well as decreased expression of cytochrome
P450, family 27, subfamily A, polypeptide 1 (CYP27A1)(33).
Furthermore, scientists discovered that vitamin D supple-
mentation in patients with hepatitis C virus could improve
the viral response(34). Therefore, low serum 25(OH)D lev-
els may be associated with the occurrence of viral hepatitis.
Notably, our study suggests that ALPmay play an important
role in hepatitis caused by vitamin D deficiency.

In our study, we found no interaction between alcohol
consumption and ALP. However, alcohol has side effects
on the liver. It has been found that there is a significant
interaction between Mn exposure and alcohol consump-
tion in the relationship between Mn exposure and liver
function(35). Although no interaction was observed in our
results, the reason may be the small number of cases
(n 38, 2·8 %) in the alcoholic healthy population; however,
the number of cases of abnormal levels of ALP in other pop-
ulations varies from 4·4 to 4·9 %, which may induce low
statistical power for inference. This phenomenon indicates
that the number of people who drink alcohol with abnormal
ALP levels is less than that of other subgroups, suggest-
ing that there is a negative association between alcohol con-
sumption and ALP, which is supported by previous

studies(36,37), although other studies have found no asso-
ciation between alcohol and ALP levels(38,39). Further
studies are needed with a larger sample size to demon-
strate this association.

This study has some critical strengths. A large and repre-
sentative sample of the US population ensures the reliability
of the results. Moreover, the inverse relationships between
serum 25(OH)D levels and ALP remained after adjusting
for confounders related to liver disease, including smoking,
alcohol drinking, obesity and hepatitis B and C infection.

There are several limitations to our study. First, because
of the cross-sectional nature of the present study, we could
not determine whether 25(OH)D levels affect ALP concen-
trations or vice versa. Second, although we adjusted for
potential covariates, residual contributing factors remain
a possibility, such as genetic predisposition.

Conclusions

In summary, we found evidence of an inverse association
between serum vitamin D and serum ALP levels in the US
general population, and the correlation was strong among
individuals who had viral hepatitis. These findings suggest
the need for an ongoing evaluation of the possible protec-
tive role of vitamin D supplementation for liver function.
Future studies are needed to confirm these findings and
to explore the potential mechanisms.
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