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Abstract
Background:  Associations  between  liver  function  and  serum  IgE  levels  have  recently  been
observed in  children.  However,  the  relationship  in  adults  is  unclear.  Therefore,  it  was  aimed  to
study associations  of  liver  function  and  serum  total  and  food-specific  IgE  concentrations  in  a
national and  population-based  study.
Method:  Data  were  retrieved  from  the  United  States  National  Health  and  Nutrition  Examination
Surveys,  2005---2006  including  demographics,  liver  status  tests,  biomarkers,  lifestyle  factors,  and
serum total  and  food-specific  IgE  concentrations.  Participants  aged  20  and  above  were  included.
Analyses included  t-test,  chi-square  test,  and  survey-weighted  regression  modelling.
Results:  After  adjusting  for  age,  sex,  ethnicity,  vitamin  D,  waist  circumference,  family  poverty
income ratio,  total  cholesterol,  ever  asthma,  total  protein,  and  survey  weighting,  abnormal
gamma glutamyl  transpeptidase  was  significantly  associated  with  food  sensitisation  (peanut:
OR 2.17,  95%CI  1.60---2.94,  P  <  0.001;  egg:  OR  2.55,  95%CI  1.32---4.90,  P  =  0.008;  milk:  OR  2.59,
95%CI 1.56---4.31,  P  =  0.001;  shrimp:  OR  1.81,  95%CI  1.29---2.55,  P  =  0.002).  Moreover,  both  abnor-
mal albumin  and  alanine  transaminase  were  associated  with  egg  sensitisation  (OR  1.96,  95%CI
1.12---3.43, P  =  0.022  and  OR  2.06,  95%CI  1.04---4.09,  P  =  0.040,  respectively).
Conclusion:  Abnormal  liver  status  tests  were  correlated  with  serum  food-specific  IgE  concentra-
tions in  adults.  Future  research  with  longitudinal  design  or  in  clinical  settings  may  be  warranted
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Previously,  it  was  estimated  that  the  prevalence  of  food
allergy  in  the  US  may  be  nearly  4%  (higher  for  food
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ensitisation)  and  associated  demographic  factors  included
ge,  sex,  and  ethnicity.1,2 Moreover,  an  updated  review
rticle  also  described  that  family  history,  obesity,  vita-
in  D,  dietary  fat,  asthma,  and  environmental  exposures
function  correlated  with  food  sensitisation  in  adults?  US
://dx.doi.org/10.1016/j.aller.2014.02.009

ould  pose  certain  risks  as  well.3,4 In  addition  to  those
bserved  effects  from  the  above-mentioned,  relationship
etween  liver  function  and  serum  IgE  levels  was  also
oted,  although  mainly  in  patients  with  transplantation.5,6
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ecently,  associations  between  liver  dysfunction  and  food
ensitisation  (particularly  peanut  and  egg)  have  been
bserved  in  children  with  early  onset  liver  dysfunction
equiring  transplantation.7,8 Acute  and  chronic  liver  disease
ave  been  recognised  to  be  associated  with  absent  delayed
utaneous  hypersensitivity  responses.  Some  food  allergic
hildren  were  observed  to  fail  to  manifest  their  food  allergy
ue  to  the  immune  anergy  caused  by  their  liver  failure.9

ost  factors  such  as  the  maturity  of  immune  regulatory
echanisms  and  a  role  for  haematopoietic  tissue  were  then

ypothesised  to  have  played  a  critical  role  in  the  develop-
ent  of  new  food  allergy  after  a  liver  transplant  in  children.8

aken  together,  the  role  of  liver  (dys)function  in  human
ood  allergy  pathogenesis  should  be  given  wider  attention.
ollowing  this  context,  therefore,  it  was  aimed  to  study
ssociations  of  liver  conditions  and  serum  total  and  food-
pecific  IgE  concentrations  in  general  adults  in  a national
nd  population-based  setting.

ethod

tudy  sample

s  described  elsewhere,10 the  United  States  National  Health
nd  Nutrition  Examination  Surveys  (NHANES)  has  been

 national,  population-based,  multi-year,  cross-sectional
tudy.  Information  on  demographics,  lifestyle  factors,
iomarkers,  and  health  conditions  was  obtained  by  house-
old  interview  using  questionnaires.  Written  informed
onsent  was  obtained  for  all  subjects.  Liver  status  tests
hat  were  measured  included  albumin,  alanine  transaminase
ALT),  aspartate  transaminase  (AST),  alkaline  phospha-
ise  (ALP),  total  bilirubin,  gamma  glutamyl  transpeptidase
GGT).  Eligible  sample  for  liver  status  tests  measurement
as  those  aged  12  and  above.  The  analyses  were  per-

ormed  with  a  Beckman  Synchron  LX20.11 In  the  2005---2006
tudy  cohort,  serum  IgE  concentrations  as  study  outcomes
ere  measured  using  a  radioimmunoassay  procedure.  Serum
eanut,  egg,  and  milk  IgE  antibodies  were  measured  in  peo-
le  aged  one  and  above  while  serum  shrimp  antibody  was
easured  in  those  aged  six  and  above.  More  details  can  be

ound  via:  http://www.cdc.gov/nchs/data/nhanes/nhanes
5  06/al  ige  d  met  specific  ige  total  ige.pdf.  In  the  current
nalysis,  only  adults  aged  20  and  above  were  included  for
tatistical  analysis  as  the  focus  was  to  examine  whether  the
elationship  of  liver  function  and  food  sensitisation  could
ersist  in  adulthood.

xposure  and  outcome  thresholds

ormal  and  abnormal  ranges  for  liver  (dys)function  (binary
utcome)  according  to  commonly  used  standards  were
stablished.12 Accordingly,  they  are  3.7---4.7  g/dL  for  albu-
in,  11---47  U/L  for  male  and  7---30  U/L  for  female  for  ALT,

3---33  U/L  for  AST,  36---133  U/L  for  ALP,  0.2---1.3  mg/dL  for
otal  bilirubin,  and  10---54  U/L  for  male  and  8---36  U/L  for
emale  for  GGT.  For  study  outcomes,  cutoffs  were  set  at
Please  cite  this  article  in  press  as:  Shiue  I.  Is  abnormal  liver  
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70  kU/L  for  serum  total  IgE  concentrations  to  classify  ‘‘high
gE’’  and  0.35  kU/L  for  food  sensitisation.13,14 Concentra-
ions  ≥2  kU/L  were  additionally  set  to  determine  probable
ood  allergy.2
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Figure  1  Histogram  of  serum  total  IgE  levels  in  adults.

tatistical  analysis

n  the  first  step,  weighted  logistic  regression  model  was
erformed  to  examine  the  associations  of  liver  status
ests  and  food  sensitisation.  In  the  second  step,  weighted
ogistic  regression  model  was  again  performed  to  exam-
ne  the  associations  of  liver  status  tests  and  probable
ood  allergy.  Meanwhile,  covariates  including  age  (continu-
us),  sex,  ethnicity,  waist  circumference  (continuous),  total
erum  cholesterol  (continuous),  family  poverty  income  ratio
binary:  0---4.99  or  5),  vitamin  D  (continuous),  ever  asthma
binary:  yes  or  no),  and  total  protein  were  adjusted  since
hey  have  been  recognised  as  potential  risk  contributors  for
ood  allergy.15,16 Family  poverty  income  ratio  represents  the
atio  of  family  income  to  their  appropriate  poverty  thresh-
ld.  A  ratio  of  1.00  or  greater  indicates  income  above  the
overty  level  (i.e.  a ratio  of  1.20  indicates  that  income  was
0%  more  than  the  appropriate  poverty  threshold).17 Effects
ere  estimated  by  using  odds  ratios  (ORs)  and  95%  confi-
ence  intervals  (CI),  with  P  <  0.05  considered  statistically
ignificant.  Statistical  software  STATA  version  13.0  (STATA,
ollege  Station,  TX,  USA)  was  used  to  perform  all  the  anal-
ses.  Since  this  study  is  only  a  secondary  data  analysis  by
xtracting  data  from  the  NHANES  website,  no  further  ethics
pproval  is  required.

esults

able  1 presents  the  characteristics  of  included  partici-
ants.  In  general,  the  mean  age  was  47.5  ±  18.2  while
he  mean  waist  circumference  was  98.3  ±  15.8  cm.  583
13.5%)  had  ever  asthma  since  childhood.  The  mean  values
f  vitamin  D,  total  cholesterol,  and  total  protein  were
1.6  ±  9.3  ng/mL,  199.1  ±  43.5  mg/dL,  and  7.1  ±  0.5  g/dL,
espectively.  1335  (27.8%)  had  high  IgE  while  the  average
alues  were  164.8  ±  482.4  kU/L.  356  (8.2%)  had  peanut  sen-
itisation,  126  (2.9%)  had  egg  sensitisation,  159  (3.7%)  had
function  correlated  with  food  sensitisation  in  adults?  US
://dx.doi.org/10.1016/j.aller.2014.02.009

ilk  sensitisation,  and  316  (7.3%)  had  shrimp  sensitisation.
igs.  1  and  2 show  the  distribution  of  serum  total  and
ood-specific  IgE  concentrations  from  the  included

dx.doi.org/10.1016/j.aller.2014.02.009
http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/al_ige_d_met_specific_ige_total_ige.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/al_ige_d_met_specific_ige_total_ige.pdf
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Figure  2  Histograms  of  serum  f

participants  while  Fig.  3  indicates  the  distribution  of
liver  status  tests.

Table  2  shows  that  no  correlation  between  liver  sta-
tus  tests  and  serum  total  IgE  concentrations  was  observed
while  Table  3  displays  some  associations  of  liver  status  tests
and  food  sensitisation.  After  adjusting  for  age,  sex,  ethnic-
ity,  vitamin  D,  waist  circumference,  family  poverty  income
ratio,  total  cholesterol,  ever  asthma,  total  protein,  and  sur-
vey  weighting,  abnormal  GGT  was  significantly  correlated
with  food  sensitisation  (peanut:  OR  2.17,  95%CI  1.60---2.94,
P  <  0.001;  egg:  OR  2.55,  95%CI  1.32---4.90,  P  =  0.008;  milk:
OR  2.59,  95%CI  1.56---4.31,  P  =  0.001;  shrimp:  OR  1.81,  95%CI
1.29---2.55,  P  =  0.002).  Moreover,  both  abnormal  albumin
and  ALT  were  correlated  with  egg  sensitisation  (OR  1.96,
95%CI  1.12---3.43,  P  =  0.022  and  OR  2.06,  95%CI  1.04---4.09,
P  =  0.040,  respectively).

In  addition,  Table  4  also  indicates  some  associations
between  liver  status  tests  and  probable  food  allergy.
For  example,  abnormal  GGT  was  significantly  correlated
with  probable  peanut  allergy  (OR  2.87,  95%CI  1.19---6.96,
Please  cite  this  article  in  press  as:  Shiue  I.  Is  abnormal  liver  
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P  =  0.023)  and  probable  milk  allergy  (OR  4.58,  95%CI
1.43---14.64,  P  =  0.014).  Moreover,  abnormal  ALP  was  also
correlated  with  probable  peanut  allergy  (OR  2.43,  95%CI
1.41---4.20,  P  =  0.003)  while  abnormal  albumin  and  ALT  were

G
g
m

specific  IgE  antibodies  in  adults.

ound  to  be  correlated  with  probable  milk  allergy  (OR  3.84,
5%CI  1.10---13.41,  P  =  0.034  and  OR  4.06,  95%CI  1.78---9.24,

 =  0.003,  respectively).

iscussion

ain  findings

n  this  present  national,  population-based,  cross-sectional
pidemiological  study,  it  was  observed  that  liver  enzyme
evels  were  correlated  with  serum  food-specific  IgE  levels  in
eneral  adults.  To  be  specific,  abnormal  GGT  was  correlated
ith  food  sensitisation  in  peanut,  egg,  milk,  and  shrimp  and
robable  peanut  and  milk  allergy.  Abnormal  albumin  and  ALT
ere  correlated  with  egg  sensitisation  and  probable  milk
llergy.

erum  GGT  in  relation  to  food  sensitisation  and
robable allergy
function  correlated  with  food  sensitisation  in  adults?  US
://dx.doi.org/10.1016/j.aller.2014.02.009

GT  is  an  enzyme  that  transfers  gamma-glutamyl  functional
roups  and  can  be  found  in  many  tissues.  It  is  currently  the
ost  sensitive  enzymatic  indicator  of  liver  disease,  with

dx.doi.org/10.1016/j.aller.2014.02.009
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Figure  3  Histogra

ormal  values  rarely  found  in  the  presence  of  hepatic
isease  (http://www.cdc.gov/nchs/nhanes/nhanes2005-
Please  cite  this  article  in  press  as:  Shiue  I.  Is  abnormal  liver  
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006/BIOPRO  D.htm).  It  is  known  that  if  the  liver  is  dys-
unctional,  the  immune  system  would  produce  antibodies
gainst  the  excessive  or  unknown  molecules.18 However,
o  far,  there  has  not  been  sound  scientific  literature  to

s
a
c
A

f  liver  status  tests.

escribe  the  potential  relationship  of  abnormal  GGT  and
resence  of  food  sensitisation  or  allergy.  In  the  present
function  correlated  with  food  sensitisation  in  adults?  US
://dx.doi.org/10.1016/j.aller.2014.02.009

tudy,  the  significant  associations  of  serum  GGT  and  peanut
nd  egg  sensitisation  and  probable  milk  allergy  were
onsistent  with  the  observations  made  in  a  case  report  in
ustralia.8

dx.doi.org/10.1016/j.aller.2014.02.009
http://www.cdc.gov/nchs/nhanes/nhanes2005-2006/BIOPRO_D.htm
http://www.cdc.gov/nchs/nhanes/nhanes2005-2006/BIOPRO_D.htm
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Table  1  Characteristics  of  included  participants  (N  =  4979).

N  =  4809 n (%)  or mean  ±  SD
Age  47.5  ± 18.2

Median  45.5
20---29  1067  (22.2%)
30---39  856  (17.8%)
40---49  842  (17.5%)
50---59 644  (13.4%)
60---69  688  (15.9%)
70---74 712  (14.8%)

Sex
Male  2322  (48.3%)
Female  2487  (51.7%)

Waist  circumference  (cm)  98.3  ± 15.8

Education
<high  school  1323  (27.6%)
≥high  school  3480  (72.4%)

Ethnicity
Black  1106  (23.0%)
Mexican  American  992  (20.6%)
White  2358  (49.0%)
Other  Hispanic/other  353  (7.3%)

Family  poverty  income  ratio  2.7  ±  1.6
0---4.99 3687  (80.5%)
≥5  892  (19.5%)

Ever  asthma  583  (13.5%)
Vitamin  D (ng/mL)  21.6  ± 9.3
Total  cholesterol  (mg/dL)  199.1  ± 43.5
Total  protein  (g/dL)  7.1  ±  0.5

Cotinine  (ng/mL)  59.3  ± 125.6
Active  smokera 1669  (34.7%)

Ever  asthma  636  (13.2%)
Total  IgE  (kU/L)  164.8  ± 482.4

High  IgE  (≥170) 1335 (27.8%)
Peanut  antibody  (kU/L)  0.4  ±  2.8

Peanut  sensitisation  356  (8.2%)
Probable  peanut  allergy  87  (2.0%)

Egg  antibody  (kU/L) 0.3 ±  0.4
Egg  sensitisation  126  (2.9%)
Probable  egg  allergy  10  (0.2%)

Milk  antibody  (kU/L)  0.3  ±  0.7
Milk  sensitisation  159  (3.7%)
Probable  milk  allergy  22  (0.5%)

Shrimp  antibody  (kU/L)  0.5  ±  3.1
Shrimp  sensitisation  316  (7.3%)
Probable  shrimp  allergy  72  (1.7%)

Albumin  (g/dL)  4.1  ±  0.4
Abnormal  64  (14.0%)

ALT  (U/L)  25.3  ± 16.4
Abnormal  471  (11.6%)

AST  (U/L)  25.4  ± 11.7
Abnormal  473  (11.1%)

ALP  (U/L)  72.3  ± 28.2
Abnormal  295  (6.8%)

Total  bilirubin  0.7  ±  0.3
Abnormal  129  (3.0%)

GGT  (U/L) 29.6 ± 51.4
Abnormal  623  (14.4%)

Alcohol  consumptionb 443/2782  (15.9%)
a ≥3 ng/mL.
b ≥5 drinks per day in the last 12 months. Ta

bl
e  

2  

As
so

ci
at

io
ns

 

be
tw

ee
n  

liv
er

 

st
at

us

 

te
st

s  

an
d  

pr
es

en
ce

 

of

 

hi
gh

 

Ig
E.

Li
ve

r  

st
at

us

 

te
st

s
(b

in
ar

y)
a

H
ig

h  

to
ta

l  I
gE

 

(≥
17

0.
0)

Q
ua

rt
ile

 

1  

(<
17

.7
)

17
.7

---
46

.6
46

.6
---

13
2.

0
Q

ua
rt

ile

 

4  

(>
13

2.
0)

O
dd

s  

ra
ti

o  

(9
5%

CI
)

P  

va
lu

e  

P  

va
lu

e 

O
dd

s 
ra

ti
o 

(9
5%

CI
) 

P 

va
lu

e 

O
dd

s 

ra
ti

o 

(9
5%

CI
) 

P 

va
lu

e 

O
dd

s 

ra
ti

o 

(9
5%

CI
) 

P 

va
lu

e

Al
bu

m
in

 

0.
88

 

(0
.6

2-
--1

.2
5)

 

0.
45

5 

Re
fe

re
nc

e 

gr
ou

p 

n/
a 

0.
84

 

(0
.5

8-
--1

.2
1)

 

0.
32

1 

1.
00

 

(0
.7

4-
--1

.3
4)

 

0.
98

6 

0.
91

 

(0
.5

5-
--1

.4
9)

 

0.
68

1
Al

an
in

e
am

in
ot

ra
ns

fe
ra

se
1.

21

 

(0
.7

8-
--1

.8
9)

 

0.
36

2 

Re
fe

re
nc

e 

gr
ou

p 

n/
a 

0.
94

 

(0
.7

1-
--1

.2
3)

 

0.
61

9 

0.
87

 

(0
.6

0-
--1

.2
5)

 

0.
42

4 

1.
16

 

(0
.7

2-
--1

.8
7)

 

0.
52

1

As
pa

rt
at

e
am

in
ot

ra
ns

fe
ra

se
1.

15

 

(0
.9

3-
--1

.4
3)

 

0.
18

7 

Re
fe

re
nc

e 

gr
ou

p 

n/
a 

0.
87

 

(0
.5

5-
--1

.3
7)

 

0.
52

1 

0.
84

 

(0
.5

4-
--1

.3
2)

 

0.
42

9 

1.
03

 

(0
.7

5-
--1

.4
3)

 

0.
83

2

Al
ka

lin
e  

ph
os

ph
at

as
e 

1.
21

 

(0
.8

0-
--1

.8
3)

 

0.
33

0 

Re
fe

re
nc

e 

gr
ou

p 
n/

a 

1.
24

 

(0
.7

5-
--2

.0
4)

 

0.
38

4 

1.
38

 

(0
.7

6-
--1

.5
4)

 

0.
27

1 

1.
47

 

(0
.8

6-
--2

.5
4)

 

0.
14

8
To

ta
l  b

ili
ru

bi
n 

0.
52

 

(0
.2

6-
--1

.0
6)

 

0.
07

1 

Re
fe

re
nc

e 
gr

ou
p 

n/
a 

1.
45

 

(0
.7

9-
--2

.6
6)

 

0.
20

7 

1.
44

 

(0
.8

4-
--2

.4
8)

 

0.
17

3 

0.
77

 

(0
.3

3-
--1

.7
9)

 

0.
52

0
G

am
m

a  

gl
ut

am
yl

tr
an

sa
m

in
as

e
1.

29

 

(0
.9

3-
--1

.7
9)

 

0.
12

2  

Re
fe

re
nc

e 
gr

ou
p 

n/
a 

1.
00

 

(0
.7

0-
--1

.4
0)

 

0.
97

8 

1.
06

 

(0
.7

8-
--1

.4
4)

 

0.
70

6 

1.
24

 

(0
.8

7-
--1

.7
6)

 

0.
22

3

N
ot

e:

 

Al
l a

dj
us

ti
ng

 

fo
r 

ag
e,

 

se
x,

 

et
hn

ic
it

y,

 

fa
m

ily

 

in
co

m
e 

po
ve

rt
y 

ra
ti

o,

 

w
ai

st

 

ci
rc

um
fe

re
nc

e,

 

to
ta

l s
er

um

 

ch
ol

es
te

ro
l,

 

as
th

m
a,

 

vi
ta

m
in

 

D
, 

an
d 

to
ta

l p
ro

te
in

.
a

N
or

m
al

 

ra
ng

e 

or

 

ab
no

rm
al

 

ra
ng

e.

Document downloaded from http://zl.elsevier.es, day 12/08/2014. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. This early online article has been reviewed, accepted and posted on the Web before copyediting.

dx.doi.org/10.1016/j.aller.2014.02.009


Please
 cite

 this
 article

 in
 press

 as:
 Shiue

 I.
 Is

 abnorm
al

 liver
 function

 correlated
 w

ith
 food

 sensitisation
 in

 adults?
 U

S
N

H
AN

ES,
 2005---2006.

 Allergol
 Im

m
unopathol

 (M
adr).

 2014.
 http://dx.doi.org/10.1016/j.aller.2014.02.009

A
R

T
IC

L
E

 IN
 P

R
E

S
S

+M
odel

ALLER-623;
 

N
o.

 of
 Pages

 8

6
 

I.
 Shiue

Table  3  Associations  between  liver  status  tests  and  presence  of  food  sensitisation  (≥0.35  kU/L).

Liver  status  tests  (binary)a Peanut  sensitisation  Egg  sensitisation  Milk  sensitisation  Shrimp  sensitisation

Odds  ratio  (95%CI)  P  value  Odds  ratio  (95%CI)  P  value  Odds  ratio  (95%CI)  P  value  Odds  ratio  (95%CI)  P  value

Albumin  0.99  (0.61---1.59)  0.961  1.96  (1.12---3.43)  0.022  1.32  (0.86---2.05)  0.191  1.31  (0.75---2.31)  0.317
Alanine aminotransferase  1.35  (0.85---2.14)  0.182  2.06  (1.04---4.09)  0.040  1.60  (0.76---3.35)  0.197  1.73  (0.87---3.47)  0.112
Aspartate aminotransferase  1.01  (0.67---1.52)  0.967  1.37  (0.71---2.67)  0.326  1.44  (0.69---2.99)  0.303  1.56  (0.92---2.64)  0.090
Alkaline phosphatase  1.65  (0.96---2.84)  0.068  1.40  (0.65---3.00)  0.366  1.81  (0.82---3.99)  0.132  1.43  (0.73---2.79)  0.276
Total bilirubin  1.28  (0.59---2.77)  0.514  1.43  (0.46---4.40)  0.510  0.99  (0.33---2.92)  0.979  1.32  (0.62---2.79)  0.447
Gamma glutamyl  transaminase  2.17  (1.60---2.94)  <0.001  2.55  (1.32---4.90)  0.008  2.59  (1.56---4.31)  0.001  1.81  (1.29---2.55)  0.002

Note: All adjusting for age, sex, ethnicity, family income poverty ratio, waist circumference, total serum cholesterol, asthma, vitamin D, and total protein. The bold values are significant
associations.

a Normal range or abnormal range.

Table  4  Associations  between  liver  status  tests  and  presence  of  probable  food  allergy  (≥2  kU/L).

Liver  status  tests  (binary)a Peanut  Egg  Milk  Shrimp

Odds  ratio  (95%CI)  P  value  Odds  ratio  (95%CI)  P  value  Odds  ratio  (95%CI)  P  value  Odds  ratio  (95%CI)  P  value

Albumin  0.55  (0.24---1.27)  0.150  3.01  (0.35---25.98)  0.293  3.84  (1.10---13.41)  0.037  0.47  (0.16---1.38)  0.155
Alanine aminotransferase  1.59  (0.83---3.05)  0.152  1.48  (0.14---16.17)  0.730  4.06  (1.78---9.24)  0.003  2.14  (0.72---6.39)  0.159
Aspartate aminotransferase  0.93  (0.43---2.04)  0.856  1.55  (0.15---16.32)  0.699  2.96  (0.95---9.20)  0.059  1.31  (0.56---3.03)  0.506
Alkaline phosphatase  2.43  (1.41---4.20)  0.003  n/a  n/a  0.34  (0.03---3.43)  0.335  0.60  (0.15---2.33)  0.431
Total bilirubin  1.61  (0.43---6.06)  0.457  n/a  n/a  1.21  (0.10---14.72)  0.872  0.68  (0.08---5.86)  0.705
Gamma glutamyl  transaminase  2.87  (1.19---6.96)  0.023  1.11  (0.10---12.76)  0.931  4.58  (1.43---14.64)  0.014  2.35  (0.86---6.42)  0.091

Note: All adjusting for age, sex, ethnicity, family income poverty ratio, waist circumference, total serum cholesterol, asthma, vitamin D, and total protein. The bold values are significant
associations.

a Normal range or abnormal range.
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Liver  function,  proteins,  and  food  sensitisation  

Serum  albumin  in  relation  to  food  sensitisation  and
probable  allergy

It  is  known  that  serum  albumin  is  the  most  abundant  blood
plasma  protein  and  is  produced  in  the  liver.  It  normally  con-
stitutes  about  50---60%  of  human  circulating  plasma  proteins
but  is  not  typically  stored  in  the  liver.19 Previously,  it  was
observed  that  serum  albumin  alone  is  an  uncommon  cause
of  allergic  sensitisation  in  airways,  but  these  allergenic  pro-
teins  likely  play  a  significant  role  as  cross-reacting  allergens
in  individuals  sensitised  to  several  types  of  animal  dander.20

With  the  ingestion  of  meats  or  dairy  products,  strong  IgE
activity  and  other  cross-reactivity  were  also  observed  in
adults.21 Milk  sensitisation  due  to  elevated  serum  albumin
was  recorded  in  two  case  reports  from  Spain  and  Italy,22,23

and  the  authors  concluded  that  observed  elevated  serum
albumin  was  likely  coming  from  raw  and  semi-meats.  Hav-
ing  cooked  meats  could  prevent  from  the  elevation  of  serum
albumin  leading  to  cross-sensitivity.  In  the  current  analysis,
abnormal  albumin  was  associated  with  egg  sensitisation  and
probable  milk  allergy  and  these  results  are  in  response  to
the  above-mentioned  case  reports.

Serum  ALT  in  relation  to  food  sensitisation  and
probable allergy

ALT  is  the  third  liver  status  test  that  was  observed  to  be  asso-
ciated  with  egg  sensitisation  and  probable  milk  allergy.  ALT
is  a  transaminase  enzyme  and  can  be  found  in  serum  and
in  various  bodily  tissues,  being  most  commonly  associated
with  the  liver.  It  is  also  a  common  clinical  measure  for  eval-
uation  of  hepatocellular  injury  that  can  be  used  to  screen
liver  problems  or  liver  damage.  Previous  studies  have  shown
that  elevated  ALT  values  occurred  in  children  with  intoler-
ance  to  many  different  types  of  proteins,24 although  they
tended  to  be  clinical  observations  with  small  sample  size.
The  present  study  has  the  similar  findings  in  general  adults
in  a  national  and  population-based  setting  with  larger  sam-
ple  size,  but  still,  the  causality  can  only  be  established  once
longitudinal  analysis  or  clinical  studies  can  be  conducted  to
confirm.

Strengths  and  limitations

There  are  a  few  strengths  and  limitations  worthy  of  note  in
this  study.  First,  this  is  the  largest  population-based  study
to  date  that  investigated  the  relationships  between  liver
conditions  and  serum  total  and  food-specific  IgE  concen-
trations  in  adults  and  the  results  can  be  representative  of
the  US  population  due  to  its  national  survey  design.  Sec-
ond,  exposure  and  outcome  measures  were  objectively  and
clinically  determined  which  could  provide  a  reliable  inter-
pretation  for  human  health.  There  are  two  limitations  in
the  current  study.  There  are  hundreds  of  foods  that  could
induce  allergy,  but  they  were  not  available  in  this  dataset.
However,  the  included  foods  in  this  study  have  been  known
Please  cite  this  article  in  press  as:  Shiue  I.  Is  abnormal  liver  

NHANES,  2005---2006.  Allergol  Immunopathol  (Madr).  2014.  http

to  be  responsible  for  about  80---90%  of  allergic  reactions  and
mostly  observed  in  care  reports.  In  addition,  there  was  no
access  to  data  with  regard  to  clinical  histories  consistent
with  true  food  allergy  as  opposed  to  just  positive  blood
 PRESS
7

ests.  In  the  present  study,  probable  food  allergy  as  the  study
utcome  was  modelled.  However,  with  the  apparent  small
umber  of  events,  the  results  were  not  perfectly  convincing.
herefore,  it  is  not  possible  to  use  true  food  allergy  crite-
ia,  such  as  being  suggested  by  Liu  et  al,2 as  the  clinical
nd  point.  Future  epidemiological  and/or  clinical  research
vercoming  these  limitations  is  suggested.

onclusion

bnormal  liver  conditions  were  found  to  be  correlated  with
resence  of  food  sensitisation  and  probable  food  allergy  in
he  NHANES.  However,  due  to  the  study  design  in  nature,  it  is
ot  possible  to  establish  the  causal  relationship.  By  conduct-
ng  this  epidemiological  study,  it  is  hoped  to  raise  attention
nd  discussion  into  the  relationship  of  liver  conditions
nd  allergic  reactions  both  in  adults  and  children.  Future
esearch  with  longitudinal  design  or  in  clinical  settings  is
herefore  warranted  before  drawing  a  firm  conclusion  and
llustrating  the  real  biological  mechanisms.
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