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Non-alcoholic fatty liver disease @
in hemochromatosis probands with iron
overload and HFE p.C282Y/p.C282Y

James C. Barton"?"", J. Clayborn Barton?" and Ronald T. Acton3"

Abstract

Background The aim of this study was to identify characteristics of non-alcoholic fatty liver disease (NAFLD) in adults
with HFE p.C282Y/p.C282Y.

Methods We retrospectively studied non-Hispanic white hemochromatosis probands with iron overload (serum
ferritin (SF) > 300 ug/L (M), > 200 pg/L (F)) and p.C282Y/p.C282Y at non-screening diagnosis who did not report
alcohol consumption > 14 g/d, have cirrhosis or other non-NAFLD liver disorders, use steatogenic medication, or
have diagnoses of heritable disorders that increase NAFLD risk. We identified NAFLD-associated characteristics using
univariate and multivariable analyses.

Results There were 66 probands (31 men, 35 women), mean age 49+ 14 (SD) y, of whom 16 (24.2%) had NAFLD. The
following characteristics were higher in probands with NAFLD: median SF (1118 ug/L (range 259, 2663) vs. 567 ug/L
(247, 2385); p=0.0192); prevalence of elevated ALT/AST (alanine/aspartate aminotransferase) (43.8% vs. 10.0%;
p=0.0056); and prevalence of type 2 diabetes (T2DM) (31.3% vs. 10.0%; p=0.0427). Mean age, sex, and prevalences of
human leukocyte antigen-A*03 positivity, body mass index > 30.0 kg/m?, hyperlipidemia, hypertension, and metabolic
syndrome in probands with/without NAFLD did not differ significantly. Logistic regression on NAFLD using variables
SF, elevated ALT/AST, and T2DM revealed: SF (p=0.0318; odds ratio 1.0-1.0) and T2DM (p=0.0342; 1.1-22.3). Median
iron removed to achieve iron depletion (QFe) in probands with/without NAFLD did not differ significantly (3.6 g
(14-7.2g) vs. 2.8 g (0.7-11.0 g), respectively; p=0.6862).

Conclusions NAFLD in hemochromatosis probands with p.C282Y/p.C282Y is associated with higher median SF and
greater T2DM prevalence, after adjustment for other factors. NAFLD does not influence QFe significantly.
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Background

Non-alcoholic fatty liver disease (NAFLD) is a spectrum
of liver abnormalities characterized by steatosis (lipid-
filled vacuoles in hepatocytes), steatohepatitis (steato-
sis and hepatocyte “ballooning” with inflammation and
necrosis), fibrosis, and cirrhosis [1, 2]. It has been esti-
mated that 25.2% (95% confidence interval (CI) [22.1,
28.7]) of persons world-wide have NAFLD [2]. In a meta-
analysis of 34 studies, the prevalence of NAFLD in U.S.
whites was 14.4% (95% CI [14.0, 14.8]) [3]. Co-morbid
conditions associated with NAFLD include obesity, type
2 diabetes (T2DM), hyperlipidemia, hypertension, and
metabolic syndrome (MetS) [2].

Hemochromatosis in whites of western European
descent is associated with homozygosity for HFE p.C282Y
(rs1800562), a common missense allele of the homeo-
static iron regulator (chromosome 6p22.2) in linkage dis-
equilibrium with human leukocyte antigen (HLA)-A*03
[4, 5]. HFE, a non-classical class I major histocompatibil-
ity complex protein, is an upstream regulator of hepcidin
and thus of iron homeostasis [6]. Laboratory phenotypes
of many adults at diagnosis of hemochromatosis and
p-C282Y/p.C282Y include elevated levels of transferrin
saturation (TS) and serum ferritin (SF) [7]. Adults with
p-C282Y/p.C282Y have increased risks to develop iron
overload. Severe iron overload occurs predominantly in
men [7, 8]. Non-HFE heritable and environmental vari-
ables modify iron loading in adults with hemochromato-
sis [5, 7, 9, 10]. Some adults with p.C282Y/p.C282Y also
have hemochromatosis arthropathy, diabetes mellitus,
hypogonadotropic hypogonadism, hepatic cirrhosis, or
cardiomyopathy [7].

The aim of this study was to identify characteris-
tics of non-alcoholic fatty liver disease (NAFLD) in
adults with HFE p.C282Y/p.C282Y. We performed a
retrospective study of clinical and laboratory charac-
teristics of unrelated non-Hispanic white adults with
hemochromatosis, iron overload, and p.C282Y/p.C282Y
at non-screening diagnosis. The present probands, with
or without NAFLD, did not report alcohol consump-
tion>14 g/d, have other liver disorders, report using
steatogenic medication, or have diagnoses of heritable
disorders that increase NAFLD risk. We identified sig-
nificant NAFLD-associated characteristics using univari-
ate and multivariable analyses. We discuss our findings in
the context of previous observations of co-morbid con-
ditions associated with NAFLD in adults who were and
were not selected for HFE genotypes.

Methods

Subjects included

We compiled data on consecutive self-identified non-
Hispanic whites aged>18 y referred to an Alabama ter-
tiary hematology center (1989-2005) for evaluation and
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management of hemochromatosis who met the follow-
ing criteria: (a) had HFE p.C282Y/p.C282Y, (b) had iron
overload defined as serum ferritin (SF)>300 pg/L (M)
or >200 pg/L (F) [11, 12], (c¢) underwent HLA-A typ-
ing, (d) had no known cause of secondary iron overload,
(e) started and achieved iron depletion with therapeutic
phlebotomy at this center, and (f) were the first in their
respective families to be diagnosed to have hemochroma-
tosis (probands).

Medical histories were taken from probands and
records of referring physicians. Referring physicians
diagnosed and treated probands with diabetes, hyper-
tension, and hyperlipidemia. Physicians in the present
hematology center evaluated probands for hemochroma-
tosis arthropathy, hypogonadotropic hypogonadism, cir-
rhosis, and cardiomyopathy, as appropriate. All probands
underwent medication review, physical examination,
laboratory testing, imaging procedures, and evaluation of
liver and other conditions, as indicated, before therapeu-
tic phlebotomy was initiated.

Subjects excluded

We excluded probands with any of the following: (a) diag-
nosis of hyperferritinemia, hemochromatosis, or HFE
p.C282Y/p.C282Y in family or population screening, (b)
diagnosis of any primary or secondary hematologic dis-
order, (c) report of alcohol consumption>14 g/d drink-
equivalent [13], (d) use of steatogenic medication(s)
[14], (e) diagnosis of a heritable disorder that increases
NAFLD risk [15, 16], (f) volunteer whole-blood dona-
tion>two units in the year before hemochromatosis
diagnosis, (g) bariatric operations [17], (h) viral hepatitis
B or C infection, (i) hepatic transient fibroelastography
(FibroScan®, Echosens, Waltham, MA, USA) suggestive
of severe hepatic fibrosis (=9.4 kilopascals) or cirrhosis
(=11.0 kilopascals), (j) biopsy-proven cirrhosis, k) liver
transplant, 1) diagnosis of malignancy, m) anti-cancer
therapy, n) chronic inflammatory conditions, or o) self-
reported pregnancy.

Laboratory

Blood specimens were collected during mornings with-
out regard to fasting. TS and SF were measured using
standard methods (Laboratory Corporation of America,
Burlington, NC, USA). We defined these TS and SF phe-
notypes to be elevated: TS>50% (men) and TS>45%
(women); and SF>300 pg/L (men) and SF>200 pg/L
(women) [11, 12].

Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured using standard
methods (Laboratory Corporation of America, Burling-
ton, NC, USA). We defined upper limits of normal for
ALT and AST as >40 IU/L, respectively. We created a
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single dichotomous variable representing either elevated
ALT or elevated AST (elevated ALT/AST).

HFE allele analyses were performed as previously
described [18]. We demonstrated HFE p.C282Y homo-
zygosity in 1996 or later in all probands regardless of
dates of diagnoses. We defined HLA-A*03 as the marker
of the hemochromatosis ancestral haplotype [18]. Posi-
tivity for A*03 was defined as A*03 homozygosity or
heterozygosity.

Liver biopsy

We recommended that probands undergo percutaneous
liver biopsy (or not) in accordance with hemochromato-
sis diagnosis and management guidelines of the Ameri-
can Association for the Study of Liver Diseases [19].

Diagnosis of non-alcoholic fatty liver disease

We diagnosed NAFLD according to the Practice Guide-
line of the American Association for the Study of Liver
Diseases, American College of Gastroenterology, and the
American Gastroenterological Association [20]. Diag-
nostic criterion was steatosis detected either by interpre-
tation of liver biopsy specimens [1, 20], increased hepatic
echogenicity [20, 21], or attenuation difference between
liver and spleen on unenhanced CT scanning images
[22], in the absence of self-report of alcohol consump-
tion>14 g/d drink-equivalent [13], cirrhosis or other
non-NAFLD liver disorder, use of steatogenic medication
[14], or diagnosis of a heritable disorder associated with
increased NAFLD risk [15, 16].

Definition of fibrosis-four variables and AST-to-platelet
ratio indices

We computed the AST-to-platelet ratio index (APRI) [23]
and fibrosis-four variables (FIB-4) index [24] in all pro-
bands. Threshold (or greater) values of each index are
associated with increased risk for advanced hepatic fibro-
sis (stage F3, severe fibrosis with architectural distor-
tion or stage F4, cirrhosis with architectural distortion)
[25]. In a previous study of adults with hemochroma-
tosis, APRI values>3.25 had a positive predictive value
for cirrhosis of 65% and a specificity of 97% [26]. FIB-4
index>1.10 identified adults with HFE p.C282Y/p.C282Y
with advanced fibrosis with 80% sensitivity, 80% specific-
ity, and 81% accuracy [26].

Definition of iron removed to achieve iron depletion

Iron depletion therapy, defined as the periodic removal of
blood to eliminate storage iron, was performed in all pro-
bands as described elsewhere [27]. Iron depletion therapy
was complete when SF was <20 pg/L [27]. Iron removed
by phlebotomy to achieve iron depletion (QFe) was esti-
mated to be 200 mg Fe per unit of blood (450-500 mL)
[27].

Page 3 of 8

Definitions of other conditions

Definitions of hemochromatosis arthropathy, hypogo-
nadotropic hypogonadism, cirrhosis, and cardiomy-
opathy are displayed in Additional file 1 [.docx; Other
diagnostic criteria].

We defined obesity as >30.0 kg/m?* [28]. We classi-
fied diabetes according to criteria of the American Dia-
betes Association [29]. We grouped medical histories of
essential hypertension or use of prescription anti-hyper-
tensive drugs in a dichotomous hypertension variable.
We grouped medical histories of hyperlipidemia or use
of prescription lipid-lowering drugs in a dichotomous
hyperlipidemia variable.

We defined metabolic syndrome (MetS) as the
concurrence of the following three attributes:
BMI>30 kg/m? systolic blood pressure>130 mm Hg or
diastolic blood pressure=85 mm Hg; and fasting serum
glucose>100 mg/dL [28, 30, 31]. We grouped positivity
for these three attributes in a dichotomous MetS variable.

Statistics

The dataset for analyses consisted of complete observa-
tions at diagnosis of hemochromatosis, iron overload,
and HFE p.C282Y/p.C282Y in 66 probands. Age, TS, and
SF values are displayed to the nearest integer. Descriptive
data are displayed as enumerations, percentages (with/
without 95% CI), means (£1 standard deviation (SD)), or
medians (range).

Kolmogorov-Smirnov testing demonstrated that age
and TS values did not differ significantly from those
which are normally distributed. We displayed corre-
sponding values as mean+1 SD and compared values
using Student’s t test for unpaired data (two-tailed). We
displayed other continuous variables as medians (range)
and compared them using Mann-Whitney U test (two-
tailed). We compared percentages using Fisher’s exact
test (two-tailed). We did not use a Bonferroni “correc-
tion” for univariate comparisons because many data were
not positively associated and we did not wish to pro-
duce “false negative” results [32]. We performed logistic
regression on NAFLD by relaxing the “rule” of ten events
per variable [33] and using independent variables iden-
tified in univariate comparisons for which “uncorrected”
values of p were <0.1500 (SE, elevated ALT/AST, and
T2DM).

We defined p<0.05 to be significant. We used Excel’
2000 (Microsoft Corp., Redmond, WA, USA), GB-Stat®
(v. 10.0, Dynamic Microsystems, Inc., Silver Spring, MD,
USA), and GraphPad Prism 8° (2018; GraphPad Software,
San Diego, CA, USA).
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Results

General characteristics of probands

There were 31 men (47.0%) and 35 women (53.0%) of
mean age 49+14 y. NAFLD was diagnosed in 16 pro-
bands (24.2%; 95% CI [14.9, 36.6]). All probands under-
went one or more imaging procedures that detect
NAFLD [1, 20, 21]. Thirty-five probands (53.0%) under-
went liver biopsy. Of 16 probands with NAFLD, 11
(68.8%) underwent liver biopsy. Of 50 probands without
NAFLD, 24 (48.0%) underwent liver biopsy. These per-
centages did not differ significantly (p=0.1653). Twenty-
one probands (31.8%) underwent liver ultrasonography.
Percentages of probands with and without NAFLD evalu-
ated with liver ultrasonography did not differ signifi-
cantly (25.0% vs. 34.0%, respectively; p=0.5562). Eighteen
probands (27.3%) underwent abdominal CT scanning.
Percentages of probands with and without NAFLD evalu-
ated with abdominal CT scanning did not differ signifi-
cantly (18.8% vs. 30.0%, respectively; p=0.5245). Eleven
probands (16.7%) underwent liver evaluations with
two of these modalities. Percentages of probands with
and without NAFLD evaluated with two modalities did
not differ significantly (25.0% vs. 14.0%, respectively;
p=0.4402). Two probands underwent fibroelastography
as part of experimental or pre-marketing protocols (n=2;
3.0%). Cirrhosis was not diagnosed in any proband based
on clinical, liver biopsy, or imaging abnormalities.

Three of 16 probands (18.8%) with NAFLD had none of
the NAFLD co-morbid conditions we studied. Median SF
and prevalences of elevated ALT/AST and T2DM were
greater in probands with than without NAFLD (Table 1).

Table 1 Characteristics of hemochromatosis probands with HFE
p.C282Y/p.C282Y?

Characteristic NAFLD No Value
(n=16) NAFLD ofp
(n=50)
Age at diagnosis, y (£ 1 SD) 51+13  49+15 0.6614
Men, % (n) 56309 44022 05659
Mean transferrin saturation, % (=1 SD) 77+14 83+17 0.1626
Median serum ferritin, ug/L (range) 1118 567 (247, 0.0192
(259, 2385)
2663)
HLA-A*03 positivity, % (n) 750(12) 82.0(41) 0.7187
Elevated ALT/AST, % (n) 438 (7) 10.0 (5) 0.0056
Obesity (BMI =30.0 kg/m?), % (n) 189(3) 160(8) ~1.0000
Diabetes, type 2, % (n) 313(5)  10.0(5) 0.0427
Hypertension, % (n) 25.0(4) 18.0 (9) 0.7187
Hyperlipidemia, % (n) 6.3(1) 12.0 (6) 1.0000
Metabolic syndrome, % (n) 0.0(0) 40(2) ~1.0000

2 All observations were recorded at diagnosis. Blood specimens were collected
during mornings without regard to fasting. ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BMI, body mass index; HLA, human leukocyte
antigen; NAFLD, non-alcoholic fatty liver disease; SD, standard deviation. No
proband had hypogonadotropic hypogonadism, cirrhosis, or cardiomyopathy.
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Hemochromatosis arthropathy was diagnosed in 24
probands (36.4%). The prevalence of hemochromato-
sis arthropathy did not differ significantly in probands
with and without NAFLD (31.3% vs. 38.3%, respectively;
p~1.0000). No proband was diagnosed to have hypogo-
nadotropic hypogonadism, cirrhosis, or cardiomyopathy.

The prevalence of elevated ALT/AST was significantly
greater in probands with than without NAFLD (Table 1).
The prevalence of elevated ALT was greater in probands
with than without NAFLD (37.5% vs. 8.0%, respectively;
p=0.0009). The prevalence of elevated AST was greater
in probands with than without NAFLD (43.8% vs. 4.0%,
respectively; p=0.0004). Nine of 16 probands with
NAFLD (56.3%) did not have elevated ALT or AST.

No proband had APRI>0.44, although median APRI
was greater in probands with than without NAFLD (0.15
(range 0.07-0.37) vs. 0.10 (range 0.04—0.23); p=0.0025).
Median FIB-4 in probands with and without NAFLD
did not differ significantly (1.10 (range 0.53-3.29) vs.
0.99 (range 0.28-4.99); p=0.2915). One woman with
and another woman without NAFLD had FIB-4>3.25,
although their respective liver biopsy specimens did not
reveal cirrhosis.

Co-morbid conditions associated with non-alcoholic fatty
liver disease

The prevalence of T2DM was greater in probands with
than without NAFLD (Table 1). Respective prevalences
of obesity, hypertension, hyperlipidemia, and MetS in
probands with and without NAFLD did not differ signifi-
cantly (Table 1).

Logistic regression on non-alcoholic fatty liver disease
Logistic regression on NAFLD, the dependent variable,
using the qualifying independent variables SE, elevated
ALT/AST, and T2DM, revealed two positive associa-
tions: SF (p=0.0318; beta coefficient 0.0011; standard
error 0.0005) and T2DM (p=0.0342; beta coefficient
1.5973; standard error 0.7543). This regression (ANOVA
p=0.0362) accounted for 11.6% of the variance of
NAFLD. Odds ratios were SF (1.000-1.002) and T2DM
(1.094-22.311).

Iron removed by phlebotomy to achieve depletion

Median QFe in probands with and without NAFLD did
not differ significantly (3.6 g (1.4—7.2) vs. 2.8 g (0.7-11.0),
respectively; p=0.6862).

Discussion

The present study evaluated clinical and laboratory
associations of NAFLD in a cohort of non-screening
adults with hemochromatosis, iron overload, and HFE
p-C282Y/p.C282Y who did not report alcohol consump-
tion>14 g/d, have cirrhosis or other liver disorders,
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report using steatogenic medication, or have diagnoses
of heritable disorders that increase NAFLD risk. The
prevalence of NAFLD in the present cohort was 24.2%
(95% CI [14.9, 36.6]). In a meta-analysis of 43 stud-
ies with 5,758 NAFLD cases and 14,741 controls from
diverse geographic regions, “a significantly increased risk
of NAFLD was observed for the C282Y polymorphism
in the Caucasian population under all genetic models
[34]¢ In the same meta-analysis, NAFLD risk in adults
with p.C282Y/p.C282Y and adults with wt/wt (absence of
p-C282Y and p.H63D (rs1799945)) did not differ signifi-
cantly [34].

Median SF was almost two-fold greater in the pres-
ent probands with than without NAFLD. In patients
with hemochromatosis and HFE p.C282Y homozygos-
ity, there was is a significant positive correlation of phle-
botomy-mobilized iron with hepatic iron concentration
[35], although QFe in the present study did not differ
significantly in probands with and without NAFLD. In
another study, median SF level but not hepatic iron con-
centration was significantly higher in p.C282Y homozy-
gotes with than without hepatic steatosis [36]. Together,
these observations indicate that NAFLD contributes sig-
nificantly to hyperferritinemia but not iron overload in
p-C282Y homozygotes.

Prevalences of elevated ALT and elevated AST were
greater in the present probands with than without
NAFLD, although 56.3% of probands with NAFLD had
neither elevated ALT nor elevated AST, and elevated
ALT/AST was not significantly associated with NAFLD
in a logistic regression. In a meta-analysis of 11 studies
of patients unselected for HFE genotypes, 25% of patients
with NAFLD and 19% of patients with non-alcoholic
steatohepatitis had ALT values within the reference
range [37]. These observations suggest that evaluation
for NAFLD should be considered at diagnosis in all sub-
jects with hemochromatosis and HFE p.C282Y/p.C282Y,
regardless of ALT and AST levels, although current
guidelines for hemochromatosis diagnosis and manage-
ment do not recommend evaluation for NAFLD in all
patients with or suspected to have hemochromatosis
[19].

The prevalence of obesity (BMI>30 kg/m?) in the pres-
ent cohort (15.2% (95% CI [7.9-26.6]) did not differ sig-
nificantly in probands with and without NAFLD. We
found no reports of the prevalence of obesity in screen-
ing programs that evaluated participants with HFE
p-C282Y/p.C282Y. It is estimated that the worldwide
prevalence of obesity in subjects with NAFLD is ~51%
[2].

In a Utah study [38], white men with HFE p.C282Y/p.
C282Y aged>40 y had significantly lower mean
BMI (26.7+0.5 kg/m?) than control siblings without
p.C282Y/p.C282Y (30.5+ 1.6 kg/m?) and male 1999-2002

Page 5 of 8

National Health and Nutrition Examination Survey par-
ticipants (28.7+0.3 kg/m? [38]. Corresponding com-
parisons in women were not significant [38]. In a U.S.
atherosclerosis risk screening program, median BMI
did not differ significantly in 44 white participants with
p.C282Y/p.C282Y (26.5 kg/m? (standard error (SE) 0.1))
and 6768 white participants with wt/wt (26.9 kg/m? (SE
0.1)) [39]. Thus, it is uncertain whether BMI in adults
with p.C282Y/p.C282Y differs from that in adults in the
general U.S. population.

Prevalence of T2DM was greater in the present pro-
bands with than without NAFLD. T2DM was also sig-
nificantly associated with NAFLD, after adjustment for
other variables. These observations suggest that pres-
ence of T2D at diagnosis in hemochromatosis and
HFE p.C282Y/p.C282Y should prompt evaluations for
NAFLD. In a study of 159 non-screening Alabama adult
hemochromatosis probands with HFE p.C282Y/p.C282Y,
predictors of T2DM at hemochromatosis diagnosis were
diabetes reports in first-degree family members (odds
ratio 8.5 (95% CI [2.9, 24.8])) and BMI>30.0 kg/m? (odds
ratio 1.1 (95% CI [1.0, 1.2])). In another study, NAFLD
was also a significant risk factor for concurrent or future
T2DM diagnoses in adults unselected for HFE genotypes
in the general population [40, 41]. Together, these obser-
vations indicate that NAFLD, diabetes reports in first-
degree family members, and obesity are associated with
T2DM in adults with p.C282Y/p.C282Y.

The prevalence of hypertension in the present cohort
was 19.7% (95% CI [11.3, 31.7]). The prevalence of hyper-
tension in probands with and without NAFLD did not
differ significantly, although NAFLD is a possible risk
factor for hypertension [42, 43]. In studies of Scandina-
vian population cohorts, HFE p.C282Y/p.C282Y and
extremely elevated TS, either separately or combined,
were associated with increased risk of anti-hypertension
medication use [44].

The prevalence of hyperlipidemia in the present cohort
was 10.6% (95% CI [4.7, 21.2]). The prevalence of hyper-
lipidemia in the present probands with and without
NAFLD did not differ significantly. In an atherosclero-
sis risk screening study, mean low-density lipoprotein
(LDL) cholesterol was lower in participants with HFE
p.C282Y/p.C282Y than wt/wt [39]. In a primary care-
based hemochromatosis and iron overload screening
study, participants with p.C282Y/p.C282Y had lower
total and LDL cholesterol levels than participants with
wt/wt [45]. It has been postulated that lower LDL cho-
lesterol in adults with p.C282Y/p.C282Y is an effect of
excess iron on cholesterol metabolism and lipoprotein
formation in the liver [39]. Triglyceride levels in subjects
with p.C282Y/p.C282Y and wt/wt in two population
screening programs did not differ significantly [39, 45].
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MetS was uncommon in the present cohort (3.0% (95%
CI [0.5, 11.5])) and the prevalence of MetS in probands
with and without NAFLD did not differ significantly. In
a post-screening evaluation of 248 participants with HFE
p-C282Y/p.C282Y, the prevalence of MetS was also rela-
tively low 7.3% (95% CI [4.5, 11.4]) [46]. We attribute the
relatively low prevalence of MetS in the present cohort to
relatively low prevalences of obesity, hypertension, and
hyperlipidemia.

Probands with cirrhosis were excluded from the pres-
ent study, although <8% of adults with HFE p.C282Y/p.
C282Y diagnosed in either screening or non-screening
cohorts published in the 21st century have cirrhosis [47].
In a multi-institutional study, cirrhosis in patients with
p-C282Y/p.C282Y was significantly associated with age,
diabetes, daily alcohol intake, and iron removed by phle-
botomy, taking into account the effect of other variables,
although the prevalence of fatty liver/steatosis did not
differ significantly in 86 adults with and 282 adults with-
out cirrhosis (27.4% and 33.0%, respectively; p=0.4400)
[8]. In a large study of healthcare records in UK, Neth-
erlands, Italy and Spain, the hazard ratio for cirrhosis
in patients with NAFLD was 4.73 (95% CI [2.43, 9.19]),
although the strongest independent predictor of cirrho-
sis was a baseline diagnosis of diabetes [48]. In a study
that did not include subjects with p.C282Y/p.C282Y, SF,
age, BMI, and diabetes were independent predictors of
histologic severity and advanced fibrosis in patients with
NAFLD [49]. Together, these observations suggest that
age and diabetes are greater risk factors for cirrhosis in
adults with p.C282Y/p.C282Y than NAFLD.

In summary, the percentage of the present hemochro-
matosis probands with NAFLD (24.2%; 95% CI [14.9,
36.6]) was higher than that of whites in general U.S.
populations (14.4%; 95% CI [14.0, 14.8]) [3]. In a meta-
analysis of global populations, co-morbid conditions
associated with NAFLD included obesity, T2DM, hyper-
lipidemia, hypertension, and MetS [2], whereas T2D
alone was significantly associated with NAFLD in the
present hemochromatosis probands. Referring physi-
cians diagnosed and treated the present probands with
diabetes, hypertension, and hyperlipidemia and thus
their evaluations and diagnostic criteria for these disor-
ders may differ from those of large population studies.
LDL cholesterol [39, 45] and total cholesterol [45] levels
are lower in adults with HFE p.C282Y/p.C282Y than wt/
wt. These factors could account in part for the absence
of NAFLD risk factors we studied in 18.8% of the pres-
ent probands. It is also plausible that probands without
NAFLD risk factors we studied have other undiagnosed
or undocumented conditions that increase NAFLD risk,
including obstructive sleep apnea [50], hypothyroidism
[51, 52], hypopituitarism [53], or heritable disorder(s)
[15, 16].
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A strength of the present study is analyses based on
observations of non-screening adults with hemochroma-
tosis, iron overload, and HFE p.C282Y/p.C282Y, with or
without NAFLD, who did not report alcohol consump-
tion>14 g/d, have cirrhosis or other liver disorders,
report using steatogenic medication, or have diagnoses of
heritable disorders that increase NAFLD risk. The pres-
ent study does not permit a comparison of the sensitiv-
ity and specificity of liver biopsy, ultrasonography, and
CT scanning in diagnosing NAFLD. It is also plausible
that the lack of significant difference of the prevalence of
NAFLD co-morbid factors other than T2DM we studied
between probands with and without NAFLD may in part
reflect type 2 statistical error(s). Evaluating subgroups of
probands with NAFLD based on ALT/AST values or liver
morphology [2] or alcoholic/non-alcoholic fatty liver
scores/indices, detecting alleles associated with increased
NAFLD risk [15, 16], determining the effects of therapeu-
tic phlebotomy on ALT and AST levels, treating NAFLD,
and evaluating of post-diagnosis observations other than
QFe were beyond the scope of this work.

Conclusions

We conclude that NAFLD in hemochromatosis probands
with iron overload and HFE p.C282Y/p.C282Y is associ-
ated with higher median SF and greater T2DM preva-
lence, after adjustment for other factors. NAFLD does
not influence QFe significantly.

List of abbreviations

ALD alcoholic liver disease

ALT alanine aminotransferase

ANI alcoholic liver disease/non-alcoholic fatty liver disease index
APRI AST-to-platelet ratio index

AST aspartate aminotransferase

BMI body mass index

cl confidence interval

FIB-4 fibrosis-four variables

HFE homeostatic iron regulator gene

HLA human leukocyte antigen

LDL low-density lipoprotein

MetS metabolic syndrome

NAFLD  non-alcoholic fatty liver disease

QFe quantity of iron removed by phlebotomy to achieve iron depletion
SD standard deviation

SE standard error

SF serum ferritin

T2DM type 2 diabetes mellitus

TS transferrin saturation

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512876-023-02763-x.

[ Supplementary Material 1. Definitions of other conditions J

Acknowledgements
Not applicable.


http://dx.doi.org/10.1186/s12876-023-02763-x
http://dx.doi.org/10.1186/s12876-023-02763-x

Barton et al. BMC Gastroenterology (2023) 23:137

Author contributions

JaCB evaluated probands, conceived this study and its methodology, curated
data, performed analyses, and drafted the manuscript. JCIB conceived study
methodology, curated data, performed analyses, and drafted the manuscript.
RTA conceived this study and its methodology, performed analyses, and

drafted the manuscript. Each author approved the manuscript in its final form.

Funding
The authors received no specific funding for this work.

Data Availability

The dataset generated and/or analysed during the current study is

available in the Open Science Framework repository (https://osf.io/j5gsp/).
Data were compiled and displayed in a manner that maintains proband
anonymity. Definitions of hemochromatosis arthropathy, hypogonadotropic
hypogonadism, cirrhosis, and cardiomyopathy are displayed in Additional file
1 [docx; Other diagnostic criterial.

Declarations

Ethics approval and consent to participate

This work was performed according to the principles of the Declaration of
Helsinki [43]. Performance of this study was approved by Western Institutional
Review Board, Inc. (submission 2539985-44189619). The need for obtaining
informed consent from participants in this study was waived by Western
Institutional Review Board under United States Department of Health and
Human Services, Office for Human Research Participants, regulation 45 CFR
46.101(b)(4).

Consent for publication
Not applicable.

Competing interests
None of the authors has a conflict of interest to report.

Received: 13 January 2023 / Accepted: 11 April 2023
Published online: 28 April 2023

References

1. Brunt EM, Tiniakos DG. Histopathology of nonalcoholic fatty liver disease.
World J Gastroenterol. 2010;16:5286-96.

2. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease - Meta-analytic assessment
of prevalence, incidence, and outcomes. Hepatology. 2016;64:73-84.

3. Rich NE, Oji S, Mufti AR, Browning JD, Parikh ND, Odewole M, et al. Racial and
ethnic disparities in nonalcoholic fatty liver disease prevalence, severity, and
outcomes in the United States: a systematic review and meta-analysis. Clin
Gastroenterol Hepatol. 2018;16:198-210.

4. Feder JN, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA, Basava A, et al. A
novel MHC class I-like gene is mutated in patients with hereditary haemo-
chromatosis. Nat Genet. 1996;13:399-408.

5. Barton JC, Edwards CQ, Acton RT. HFE gene: Structure, function, mutations,
and associated iron abnormalities. Gene. 2015;574:179 - 92.

6.  Rishi G, Wallace DF, Subramaniam VN. Hepcidin: regulation of the master iron
regulator. Biosci Rep. 2015;35:€00192.

7. Edwards CQ, Barton JC. Hemochromatosis. In: Greer JP, Rodgers GM, Glader
B, Arber DA, Means RT Jr, List AF, et al. editors. Wintrobe’'s clinical hematology.
Philadelphia: Wolters Kluwer; 2019. pp. 665-90.

8. Barton JC, McLaren CE, Chen WP, Ramm GA, Anderson GJ, Powell LW, et al.
Cirrhosis in hemochromatosis: independent risk factors in 368 HFE p.C282Y
homozygotes. Ann Hepatol. 2018;17:871-9.

9. Wood MJ, Powell LW, Ramm GA. Environmental and genetic modifiers
of the progression to fibrosis and cirrhosis in hemochromatosis. Blood.
2008;111:4456-62.

10.  Martin M, Millan A, Ferraro F, Tetzlaff WF, Lozano CE, Botta E et al. Leukocyte
telomere length is associated with iron overload in male adults with heredi-
tary hemochromatosis.Biosci Rep. 2020;40.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31

32

33.

34.

Page 7 of 8

Adams PC, Reboussin DM, Barton JC, McLaren CE, Eckfeldt JH, MclLaren GD,
et al. Hemochromatosis and iron-overload screening in a racially diverse
population. N Engl J Med. 2005;352:1769-78.

Barton JC, Acton RT, Dawkins FW, Adams PC, Lovato L, Leiendecker-Foster C,
et al. Initial screening transferrin saturation values, serum ferritin concentra-
tions, and HFE genotypes in whites and blacks in the Hemochromatosis and
Iron Overload Screening Study. Genet Test. 2005,9:231-41.

Bowman SA, Friday JE, Thoerig RC, Moshfegh AJ. Food Patterns Equivalents
Database 2011-12: Methodology and User Guide [Online]. Food Surveys
Research Group, Beltsville Human Nutrition Research Center, Agricultural
Research Service, U. S. Department of Agriculture, Beltsville, Maryland. http://
www.ars.usda.gov/nea/bhnrc/fsrg. Accessed 2 Jul 2022.

Patel V, Sanyal AJ. Drug-induced steatohepatitis. Clin Liver Dis. 2013;17:533—
46. vii.

Dongiovanni P, Anstee QM, Valenti L. Genetic predisposition in NAFLD and
NASH: impact on severity of liver disease and response to treatment. Curr
Pharm Des. 2013;19:5219-38.

Xia MF, Bian H, Gao X. NAFLD and diabetes: two sides of the same coin?
Rationale for gene-based personalized NAFLD treatment. Front Pharmacol.
2019;10:877.

Barton JC. Hemochromatosis, HFE C282Y homozygosity, and bariatric sur-
gery: report of three cases. Obes Surg. 2004;14:1409-14.

Barton JC, Barton JC, Acton RT. HLA-A*03, the hemochromatosis ancestral
haplotype, and phenotypes of referred hemochromatosis probands with HFE
p.C282Y homozygosity. Hereditas. 2022;159:25.

Bacon BR, Adams PC, Kowdley KV, Powell LW, Tavill AS. Diagnosis and
management of hemochromatosis: 2011 Practice Guideline by the American
Association for the study of Liver Diseases. Hepatology. 2011;54:328-43.
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, et al. The
diagnosis and management of non-alcoholic fatty liver disease: practice
Guideline by the American Association for the Study of Liver Diseases,
American College of Gastroenterology, and the American Gastroenterologi-
cal Association. Hepatology. 2012;55:2005-23.

Khov N, Sharma A, Riley TR. Bedside ultrasound in the diagnosis of nonalco-
holic fatty liver disease. World J Gastroenterol. 2014;20:6821-5.

Lee SS, Park SH. Radiologic evaluation of nonalcoholic fatty liver disease.
World J Gastroenterol. 2014;20:7392-402.

Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan SH, et al. Performance of the
aspartate aminotransferase-to-platelet ratio index for the staging of hepatitis
C-related fibrosis: an updated meta-analysis. Hepatology. 2011;53:726-36.
Sterling RK; Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al.
Development of a simple noninvasive index to predict significant fibrosis in
patients with HIV/HCV coinfection. Hepatology. 2006;43:1317-25.

Scheuer PJ. Classification of chronic viral hepatitis: a need for reassessment. J
Hepatol. 1991;13:372-4.

Chin J, Powell LW, Ramm LE, Hartel GF, Olynyk JK, Ramm GA. Utility of serum
biomarker indices for staging of hepatic fibrosis before and after venesection
in patients with hemochromatosis caused by variants in HFE. Clin Gastroen-
terol Hepatol. 2021;19:1459-68.

Adams PC, Barton JC. How | treat hemochromatosis. Blood. 2010;116:317-25.
Acton RT, Barton JC, Barton JC. Serum ferritin, insulin resistance, and meta-
bolic syndrome: clinical and laboratory associations in 769 non-hispanic
whites without diabetes mellitus in the HEIRS Study. Metab Syndr Relat
Disord. 2015;13:57-63.

American Diabetes Association. 2. Classification and diagnosis of diabetes:
Standards of Medical Care in Diabetes-2020. Diabetes Care. 2020;43:14-S31.
Ford ES. Prevalence of the metabolic syndrome defined by the International
Diabetes Federation among adults in the U.S. Diabetes Care. 2005;28:2745-9.
Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA et al.
Harmonizing the metabolic syndrome: a joint interim statement of the Inter-
national Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation. 2009;120:1640-5.

Armstrong RA. When to use the Bonferroni correction. Ophthalmic Physiol
Opt. 2014;34:502-8,

Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in
logistic and Cox regression. Am J Epidemiol. 2007;165:710-8.

Ye Q, Qian BX, Yin WL, Wang FM, Han T. Association between the HFE C282Y,
H63D polymorphisms and the risks of non-alcoholic fatty liver disease,

liver cirrhosis and hepatocellular carcinoma: an updated aystematic


https://osf.io/j5gsp/
http://www.ars.usda.gov/nea/bhnrc/fsrg
http://www.ars.usda.gov/nea/bhnrc/fsrg

Barton et al. BMC Gastroenterology

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45.

(2023) 23:137

review and meta-analysis of 5,758 cases and 14,741 controls. PLoS ONE.
2016;11:e0163423.

Phatak PD, Barton JC. Phlebotomy-mobilized iron as a surrogate for liver iron
content in hemochromatosis patients. Hematology. 2003;8:429-32.

Powell EE, Ali A, Clouston AD, Dixon JL, Lincoln DJ, Purdie DM, et al. Ste-
atosis is a cofactor in liver injury in hemochromatosis. Gastroenterology.
2005;129:1937-43.

Ma X, Liu S, Zhang J, Dong M, Wang Y, Wang M, et al. Proportion of NAFLD
patients with normal ALT value in overall NAFLD patients: a systematic review
and meta-analysis. BMC Gastroenterol. 2020,20:10.

Abbas MA, Abraham D, Kushner JP, McClain DA. Anti-obesity and pro-dia-
betic effects of hemochromatosis. Obes (Silver Spring). 2014;22:2120-2.
Pankow JS, Boerwinkle E, Adams PC, Guallar E, Leiendecker-Foster C,
Rogowski J, et al. HFE C282Y homozygotes have reduced low-density
lipoprotein cholesterol: the atherosclerosis risk in Communities (ARIC) Study.
Transl Res. 2008;152:3-10.

Adams LA, Waters OR, Knuiman MW, Elliott RR, Olynyk JK. NAFLD as a risk
factor for the development of diabetes and the metabolic syndrome: an
eleven-year follow-up study. Am J Gastroenterol. 2009;104:861-7.

Tokita Y, Maejima Y, Shimomura K, Takenoshita S, Ishiyama N, Akuzawa M,

et al. Non-alcoholic fatty liver disease is a risk factor for type 2 diabetes in
middle-aged Japanese men and women. Intern Med. 2017,56:763-71.

Zhao YC, Zhao GJ, Chen Z, She ZG, Cai J, Li H. Nonalcoholic fatty liver disease:
an emerging driver of hypertension. Hypertension. 2020;75:275-84.

Kasper P Martin A, Lang S, Demir M, Steffen HM. Hypertension in NAFLD: an
uncontrolled burden. J Hepatol. 2021;74:1258-60.

Ellervik C, Tybjaerg-Hansen A, Appleyard M, Ibsen H, Nordestgaard BG. Hae-
mochromatosis genotype and iron overload: association with hypertension
and left ventricular hypertrophy. J Intern Med. 2010;268:252-64.

Adams PC, Pankow JS, Barton JC, Acton RT, Leiendecker-Foster C, McLaren
GD, et al. HFE C282Y homozygosity is associated with lower total and low-
density lipoprotein cholesterol: the hemochromatosis and Iron overload
screening study. Circ Cardiovasc Genet. 2009,2:34-7.

46.

48.

49.

50.

51.

52.

Page 8 of 8

Barton JC, Barton JC, Adams PC, Acton RT. Risk factors for insulin resistance,
metabolic syndrome, and diabetes in 248 HFE C282Y homozygotes identi-
fied by population screening in the HEIRS Study. Metab Syndr Relat Disord.
2016;14:94-101.

Barton JC, Acton RT. Diabetes in HFE hemochromatosis. J Diabetes Res.
2017;2017:9826930.

Alexander M, Loomis AK, van der Lei J, Duarte-Salles T, Prieto-Alhambra D,
Ansell D, et al. Risks and clinical predictors of cirrhosis and hepatocellular
carcinoma diagnoses in adults with diagnosed NAFLD: real-world study of 18
million patients in four European cohorts. BMC Med. 2019;17:95.

Kowdley KV, Belt P, Wilson LA, Yeh MM, Neuschwander-Tetri BA, Chalasani N,
et al. Serum ferritin is an independent predictor of histologic severity and
advanced fibrosis in patients with nonalcoholic fatty liver disease. Hepatol-
ogy. 2012;55:77-85.

Mesarwi OA, Loomba R, Malhotra A. Obstructive sleep apnea, hypoxia, and
nonalcoholic fatty liver disease. Am J Respir Crit Care Med. 2019;199:830-41.
Lonardo A, Ballestri S, Mantovani A, Nascimbeni F, Lugari S, Targher G. Patho-
genesis of hypothyroidism-induced NAFLD: evidence for a distinct disease
entity? Dig Liver Dis. 2019;51:462-70.

Manka P, Bechmann L, Best J, Sydor S, Claridge LC, Coombes JD, et al. Low
free triiodothyronine is associated with advanced fibrosis in patients at high
risk for nonalcoholic steatohepatitis. Dig Dis Sci. 2019;64:2351-8.

Itoh E, Hizuka N, Fukuda I, Takano K. Metabolic disorders in adult growth hor-
mone deficiency: a study of 110 patients at a single institute in Japan. Endocr
J.2006;53:539-45.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Non-alcoholic fatty liver disease in hemochromatosis probands with iron overload and ﻿HFE﻿ p.C282Y/p.C282Y
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Subjects included
	﻿Subjects excluded
	﻿Laboratory
	﻿Liver biopsy
	﻿Diagnosis of non-alcoholic fatty liver disease
	﻿Definition of fibrosis-four variables and AST-to-platelet ratio indices
	﻿Definition of iron removed to achieve iron depletion
	﻿Definitions of other conditions
	﻿Statistics

	﻿Results
	﻿General characteristics of probands
	﻿Co-morbid conditions associated with non-alcoholic fatty liver disease
	﻿Logistic regression on non-alcoholic fatty liver disease
	﻿Iron removed by phlebotomy to achieve depletion

	﻿Discussion
	﻿Conclusions
	﻿References


