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Abstract

Background

In hemochromatosis, causes of abdominal pain and its associations with cirrhosis are poorly

understood.

Methods

We retrospectively compared characteristics of referred hemochromatosis probands with

HFE p.C282Y homozygosity with/without biopsy-proven cirrhosis: sex, age, diabetes,

heavy alcohol consumption, abdominal pain/tenderness, hepatomegaly, splenomegaly,

non-alcoholic fatty liver disease, chronic viral hepatitis, ascites, transferrin saturation (TS),

serum ferritin (SF), and iron removed by phlebotomy (QFe). We performed logistic regres-

sion on cirrhosis using characteristics identified in univariate comparisons. We performed

computerized and manual searches to identify hemochromatosis case series and compiled

prevalence data on cirrhosis and abdominal pain and causes of abdominal pain.

Results

Of 219 probands, 57.1% were men. Mean age was 48±13 y. In 22 probands with cirrhosis,

proportions of men, mean age, prevalences of heavy alcohol consumption, abdominal pain,

abdominal tenderness, hepatomegaly, splenomegaly, and chronic viral hepatitis, and

median TS, SF, and QFe were significantly greater than in probands without cirrhosis.

Regression analysis revealed three associations with cirrhosis: abdominal pain (p = 0.0292;

odds ratio 9.8 (95% CI: 1.2, 76.9)); chronic viral hepatitis (p = 0.0153; 11.5 (95% CI: 1.6,

83.3)); and QFe (p = 0.0009; 1.2 (95% CI: 1.1, 1.3)). Of eight probands with abdominal pain,

five had cirrhosis and four had diabetes. One proband each with abdominal pain had heavy

alcohol consumption, chronic viral hepatitis B, hepatic sarcoidosis, hepatocellular carci-

noma, and chronic cholecystitis, cholelithiasis, and sigmoid diverticulitis. Abdominal pain

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0261690 December 21, 2021 1 / 17

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Barton JC, Barton JC, Patel N, McLaren

GD (2021) Abdominal pain and cirrhosis at

diagnosis of hemochromatosis: Analysis of 219

referred probands with HFE p.C282Y homozygosity

and a literature review. PLoS ONE 16(12):

e0261690. https://doi.org/10.1371/journal.

pone.0261690

Editor: Peter Starkel, Cliniques Universitaires Saint-

Luc, BELGIUM

Received: May 14, 2021

Accepted: December 7, 2021

Published: December 21, 2021

Copyright: © 2021 Barton et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0003-2876-8276
https://doi.org/10.1371/journal.pone.0261690
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261690&domain=pdf&date_stamp=2021-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261690&domain=pdf&date_stamp=2021-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261690&domain=pdf&date_stamp=2021-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261690&domain=pdf&date_stamp=2021-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261690&domain=pdf&date_stamp=2021-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261690&domain=pdf&date_stamp=2021-12-21
https://doi.org/10.1371/journal.pone.0261690
https://doi.org/10.1371/journal.pone.0261690
http://creativecommons.org/licenses/by/4.0/


was alleviated after phlebotomy alone in four probands. In 12 previous reports (1935–2011),

there was a negative correlation of cirrhosis prevalence and publication year (p = 0.0033). In

11 previous reports (1935–1996), a positive association of abdominal pain prevalence and

publication year was not significant (p = 0.0802).

Conclusions

Abdominal pain, chronic viral hepatitis, and QFe are significantly associated with cirrhosis in

referred hemochromatosis probands with HFE p.C282Y homozygosity. Iron-related and

non-iron-related factors contribute to the occurrence of abdominal pain.

Introduction

In 1871, hemochromatosis was defined as the syndrome of diabetes, hyperpigmentation, cir-

rhosis, and iron overload (’diabète bronzé et cirrhose pigmentaire’) [1]. In 1996, diagnostic cri-

teria for hemochromatosis changed after the discovery that ~90% of non-Hispanic white

adults with hemochromatosis are homozygous for the HFE (homeostatic iron regulator; chro-

mosome 6p22.2) p.C282Y allele (exon 4, c.845G>A; rs1800562) [2,3] and that HFE p.C282Y

homozygosity occurs in 0.3–0.6% of non-Hispanic whites [3]. Hepcidin expression by the liver

is inappropriately low in many p.C282Y homozygotes and thus ferroportin internalization is

also decreased, resulting in increased iron export by macrophages, elevated serum iron levels,

and increased iron absorption despite increased iron stores [4,5]. Laboratory phenotypes typi-

cal of untreated p.C282Y homozygotes include elevated serum iron, transferrin saturation

(TS), and serum ferritin (SF) levels [3,6].

Clinical penetrance of iron overload is mild in most HFE p.C282Y homozygotes [3,7,8].

Severe iron overload in some p.C282Y homozygotes is complicated by arthropathy, diabetes,

other endocrinopathy, cirrhosis, primary liver cancer, and cardiomyopathy, of which cirrhosis

and primary liver cancer are major complications [3]. Univariable analyses revealed that cir-

rhosis risk in persons with hemochromatosis and p.C282Y homozygosity is greater with age

[9,10], male sex [10,11], diabetes [12], alcohol consumption [13], and severe iron overload

[10,14]. These risk factors for cirrhosis were confirmed in a multivariable statistical model

[15]. Blood donation [16,17] or chronic ingestion of oral iron supplements [18] may modify

iron loading in p.C282Y homozygotes.

Abdominal pain was the most common symptom of patients with hemochromatosis at

diagnosis reported in Sheldon’s 1935 monograph of 311 cases [19]. In 1955, Finch and Finch

stated that "from 35 to 40 percent [of adults with hemochromatosis] develop significant

abdominal pain sometime in the course of their disease. . ." [20]. During the interval 1935–

1996, the prevalence of abdominal pain at diagnosis of 1832 patients with hemochromatosis

was 35.6% (95% confidence interval (CI): 33.4, 37.8) in nine case series or compilations [3,19–

26]. Finch and Finch also commented that, "In many of these patients it [abdominal pain] per-

sists for months or years with remissions and exacerbations, while in others it may develop

shortly before death" [20]. "In a few it has been associated with ascites, acute pancreatitis or

perisplenitis" [20]. In another report, four patients with hemochromatosis and abdominal pain

at diagnosis had peptic ulcer, three had variceal bleeding, three others had ascites, and one had

nephrolithiasis [24]. Thus, there are multiple clinical correlates of abdominal pain in adults

with hemochromatosis, although "The etiology of abdominal pain in hemochromatosis is

poorly understood" [20].

PLOS ONE Abdominal pain in hemochromatosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261690 December 21, 2021 2 / 17

https://doi.org/10.1371/journal.pone.0261690


To learn more about causes of abdominal pain at diagnosis and their associations with cir-

rhosis in hemochromatosis, we performed a retrospective evaluation of 219 consecutive, unse-

lected referred hemochromatosis probands with HFE p.C282Y homozygosity diagnosed and

treated at a single referral center. We evaluated associations of abdominal pain at diagnosis,

cirrhosis, and other co-morbid factors in our case series and reviewed associations of abdomi-

nal pain and cirrhosis in hemochromatosis in previous reports. We discuss clinical associa-

tions of abdominal pain and cirrhosis in hemochromatosis.

Methods

Ethics statement

Western Institutional Review Board granted an exemption determination for performance of

this study under 45 CFR 46.101(b)(4) (submission no. 2539985–44189619). Western Institu-

tional Review Board waived the requirement to obtain informed consent because this study

involved retrospective chart review and analyses of observations recorded in routine medical

care. Data reported in patient-related observations were compiled from medical records as

described in detail below and were compiled in a manner that maintained anonymity in data-

sets and results displayed in this study. This study did not involve the direct analysis of biologi-

cal specimens, images, or questionnaires.

Subjects included

We compiled observations on 219 consecutive self-identified non-Hispanic white adults aged

�18 y who were referred to an Alabama tertiary center (1990–2018) for evaluation of hemo-

chromatosis and who were HFE p.C282Y homozygotes and the first in their respective families

to be diagnosed to have hemochromatosis (probands). No proband was previously diagnosed

to have or treated for hemochromatosis. A history of current and past medical events was

recorded from probands and records provided by their referring physicians. All probands

underwent pertinent physical examination and laboratory testing, including evaluation of

abdominal manifestations and liver conditions, before treatment was initiated. Liver biopsy

specimens were obtained as recommended in diagnosis and management guidelines for

hemochromatosis of the American Association for the Study of Liver Diseases [27]. All pro-

bands with abdominal pain at diagnosis underwent CT scanning of the abdomen/pelvis. Other

radiographic imaging procedures, endoscopy, and blood tests were also performed to identify

cause(s) of abdominal pain, as appropriate.

Subjects excluded

We excluded HFE p.C282Y homozygotes who: were family members of the present probands;

presented with iron deficiency (both TS<10% and SF <15 μg/L); were treated with phlebot-

omy or iron chelation before referral; or who had incomplete evaluations. We also excluded

patients with hemochromatosis who were previously diagnosed as participants in the Hemo-

chromatosis and Iron Overload Screening (HEIRS) Study [6,28].

Definition of pain

We defined pain according to the revised International Association for the Study of Pain: "an

unpleasant sensory and emotional experience associated with, or resembling that associated

with, actual or potential tissue damage" [29].
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Diabetes

Diabetes was diagnosed by referring physicians and classified according to criteria of the

American Diabetes Association [30].

Abdominal manifestations

Abdominal pain at diagnosis was reported as chronic or intermittent pain or discomfort

between the diaphragm and pelvis unassociated with trauma or obvious non-trauma causes

(e.g., gastroesophageal reflux, constipation). Abdominal tenderness was defined as proband

comment of pain during abdominal examination. Hepatomegaly was defined as liver >15 cm

in vertical span in the right mid-clavicular line determined by percussion and palpation or

>16 cm by ultrasonography or CT scanning [31]. Splenomegaly was defined as dullness in

Traube’s space, palpable spleen tip on deep inspiration, or spleen>13 cm in vertical span by

ultrasonography or CT scanning [32]. Ascites suspected by history or on physical examination

was confirmed by abdominal ultrasonography or CT scanning. All physical examinations were

performed by a single author (JaCB).

Liver conditions

Heavy ethanol consumption was defined as the self-reported estimated consumption of�60 g

ethanol/d for�5 y. Non-alcoholic fatty liver disease (NAFLD) was defined as steatosis or stea-

tohepatitis detected on liver specimens obtained by biopsy or as diffuse or focal increased

hepatic echogenicity detected by ultrasonography, in the absence of self-reports of heavy etha-

nol consumption. Chronic viral hepatitis B or C was defined as positivity for hepatitis B surface

antigen (HBsAg) or hepatitis C antibody, respectively, in association with other clinical or his-

tologic liver abnormalities consistent with chronic viral hepatitis. Liver biopsy was performed

in all probands with SF >1000 μg/L and was recommended to other probands whose evalua-

tions suggested that they had a liver condition other than iron overload. Pathologists inter-

preted liver specimens and defined cirrhosis as the histological occurrence of regenerating

nodules of hepatocytes surrounded by bands of fibrous connective tissue [33]. Iron staining in

liver specimens was graded 0–4+ as previously described [34].

Iron removed by phlebotomy (QFe)

Iron depletion therapy, defined as the periodic removal of blood to eliminate storage iron, was

performed in men with SF>300 μg/L and in women with SF >200 μg/L. Therapy was com-

plete when SF was�20 μg/L [35]. QFe was estimated to be 200 mg Fe per unit of blood (450–

500 mL) [35].

Laboratory methods

TS, SF, HBsAg, and hepatitis C antibody were measured using standard clinical laboratory

methods (Laboratory Corporation of America, Burlington, NC, USA). HFE allele analyses

were performed as previously described [36].

Literature review

The authors performed computerized searches of the National Library of Medicine and the

internet and manual searches of printed texts and articles using the terms hemochromatosis,

abdominal pain, and cirrhosis, and recorded prevalence data of abdominal pain and cirrhosis

in case series or compilations of hemochromatosis patients diagnosed in referral venues. The

date range of the literature search was 1871 [1] to 2020. We reviewed published reports to
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identify well-documented causes of abdominal pain in patients with hemochromatosis. We

excluded reports of individual cases or families, clinical series that did not report percentages

of all cases with abdominal pain, and case series of pathological evaluations.

Statistical analysis

The sample size of 219 probands represented the entirety of referred Alabama probands

with hemochromatosis and HFE p.C282Y homozygosity whose medical records met all other

stipulations for evaluation as described in Subjects included. Initial data exploration revealed

that the proportion of probands who reported having abdominal pain was 3.7% (8/219) and

the proportion of probands with cirrhosis who also reported abdominal pain was 22.7% (5/

22), consistent with previous reports [20,37]. Accordingly, we performed univariate compari-

sons of probands with and without biopsy-proven cirrhosis regarding the following character-

istics: sex, age at diagnosis, diabetes, heavy alcohol consumption, abdominal pain, abdominal

tenderness, hepatomegaly, splenomegaly, NAFLD, chronic viral hepatitis, ascites, TS, SF, and

QFe.

Descriptive data are displayed as enumerations, means ± 1 standard deviation (SD), medi-

ans (range), and percentages. Age data are expressed as the nearest whole year. Hemoglobin,

TS, and SF data are expressed as the nearest integer. We evaluated continuous data for normal-

ity using d’Agostino’s and Shapiro-Wilk tests. Mean values of data from normal distributions

were compared using Student’s t test (two-tailed). Differences in median values of data from

non-normal distributions were compared using the Mann-Whitney U test. We compared dif-

ferences in proportions of dichotomous variables using Fisher’s exact test (two-tailed) or Pear-

son’s Chi-square test with Yates’ correction (two-tailed), as appropriate. We compared some

continuous data using Pearson’s correlation coefficient. CIs of proportions (95%) are displayed

with continuity corrections. For univariate comparisons, we did not use a Bonferroni correc-

tion because most data were not positively correlated and we did not wish to overlook positive

results [38].

We performed logistic regression on cirrhosis using characteristics that differed between

probands with and without cirrhosis in univariate comparisons (p�0.1000) [39], except that

we excluded SF because SF is significantly correlated with liver iron content [40] and QFe [41].

We computed odds ratios (OR) and 95% CI for significant independent variables. Values of p

<0.05 were defined as significant. Analyses were performed with Excel 20001 (Microsoft

Corp., Redmond, WA, USA), GB-Stat1 (v. 10.0, 2003; Dynamic Microsystems, Inc., Silver

Spring, MD, USA), and GraphPad Prism 81 (2018; GraphPad Software, San Diego, CA,

USA).

Results

General characteristics

There were 219 probands (125 men (57.1%) and 94 women (42.9%)). Mean age at diagnosis

was 48 ± 13 y. Diabetes and heavy alcohol consumption, independent risk factors for cirrhosis

in HFE p.C282Y homozygotes [15], occurred in 15.1% and 6.8% of probands, respectively.

Eight probands (3.7%; 5 men, 3 women) had abdominal pain. Prevalence of other manifesta-

tions included the following: abdominal tenderness 3.2%, hepatomegaly 15.5%, splenomegaly

2.3%, NAFLD 22.4%, chronic viral hepatitis 3.6%, and ascites 0.9%. Seventy-eight probands

(78/219; 35.6%) underwent liver biopsy, of whom 22 had cirrhosis (22/219; 10.0%). Mean

hemoglobin was 146 ± 15 g/L. Median TS was 81% (range 19–100). Median SF was 712 μg/L

(range 15–6103). Median QFe was 2.8 g (range 0, 31.2).
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Univariate comparisons

The proportion of men was significantly greater among probands with than probands without

cirrhosis (Table 1). Mean age of probands with cirrhosis was significantly greater than that of

probands without cirrhosis (Table 1). The respective prevalences of heavy alcohol consump-

tion, abdominal pain, abdominal tenderness, hepatomegaly, splenomegaly, and chronic viral

hepatitis were significantly greater in probands with than without cirrhosis. Median TS, SF,

and QFe values were significantly greater in probands with than without cirrhosis (Table 1).

Among 22 probands with cirrhosis, the proportion of men was significantly lower in those

with than without abdominal pain, although the prevalence of co-morbid conditions in pro-

bands with cirrhosis with and without abdominal pain did not differ significantly (Table 2).

Table 1. Characteristics of 219 hemochromatosis probands with HFE p.C282Y homozygositya.

Characteristic Cirrhosis (n = 22) No cirrhosis (n = 197) Value of p

Male, % (n) 86.4 (19) 53.8 (106) 0.0030

Mean age at diagnosis, y, ± 1 SD 52 ± 9 48 ± 14 0.0451

Diabetes, % (n)b 22.7 (5) 14.2 (28) 0.3417

Heavy alcohol consumption, % (n) 22.7 (5) 5.1 (10) 0.0099

Abdominal pain, % (n) 22.7 (5) 1.5 (3) 0.0003

Abdominal tenderness, % (n) 13.6 (3) 2.0 (4) 0.0238

Hepatomegaly, % (n) 45.5 (10) 12.2 (24) 0.0004

Splenomegaly, % (n) 13.6 (3) 1.0 (2) 0.0078

NAFLD, % (n) 27.3 (6) 21.8 (43) 0.5914

Chronic viral hepatitis, % (n)c 18.2 (4) 1.5 (3) 0.0022

Ascites, % (n) 4.8 (1) 0.5 (1) 0.1912

Mean hemoglobin, g/L, ± 1 SD 140 ± 18 147 ± 15 0.1559

Median TS, % (n) (range) 89 (34, 100) 70 (19, 100) 0.0235

Median SF, μg/L (range) 2000 (387, 5613) 650 (15, 6103) <0.0001

Median QFe, g (range) 6.3 (1.0, 31.2) 2.6 (0, 30.0) <0.0001

aAbbreviations: NAFLD, non-alcoholic fatty liver disease; QFe, quantity of iron removed by phlebotomy to achieve iron depletion; SD, standard deviation; SF, serum

ferritin; TS, transferrin saturation.
bThirty-one probands had type 2 diabetes. Two other probands had type 1 diabetes.
cFive probands had chronic viral hepatitis C. Two other probands had chronic viral hepatitis B. No proband was treated with anti-viral therapy for chronic viral hepatitis

before diagnosis of hemochromatosis.

https://doi.org/10.1371/journal.pone.0261690.t001

Table 2. Hemochromatosis probands with HFE p.C282Y homozygosity and cirrhosisa.

Characteristics Abdominal pain (n = 5) No abdominal pain (n = 17) Value of p

Male, % (n) 60.0 (3) 94.1 (16) 0.0239

Mean age at diagnosis, y, ± 1 SD 50 ± 9 59 ± 7 0.0835

Diabetes, % (n)b 40.0 (2) 17.6 (3) 0.5431

Heavy alcohol consumption, % (n) 20.0 (1) 23.5 (4) 1.0000

Hepatomegaly, % (n) 40.0 (2) 47.1 (8) 1.0000

Splenomegaly, % (n) 20.0 (1) 11.8 (2) 1.0000

NAFLD, % (n) 20.0 (1) 29.4 (5) 1.0000

Chronic viral hepatitis, % (n) 0 (0) 23.5 (4) 0.5304

Ascites, % (n) 0 (0) 5.9 (1) 1.0000

Hepatic sarcoidosis, % (n) 20.0 (1) 0 (0) 0.2273

a Abbreviations: SD, standard deviation; NAFLD, non-alcoholic fatty liver disease.

https://doi.org/10.1371/journal.pone.0261690.t002
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Logistic regression on cirrhosis

We performed regression on cirrhosis using independent variables that were significantly

associated with cirrhosis in univariate comparisons (male sex, age at diagnosis, heavy alcohol

consumption, abdominal pain, abdominal tenderness, hepatomegaly, splenomegaly, chronic

viral hepatitis, TS, and QFe) (Table 1). This regression revealed three positive associations:

abdominal pain (p = 0.0292; OR 9.8 (95% CI: 1.2, 76.9)); chronic viral hepatitis (p = 0.0153;

OR 11.5 (95% CI: 1.6, 83.3)); and QFe (p = 0.0009; OR 1.2 (95% CI: 1.1, 1.3)). ANOVA p of

this regression was <0.0001. This model accounted for 36.8% of cirrhosis deviance.

Eight probands with abdominal pain

Median TS, SF, and QFe of probands with and without abdominal pain did not differ signifi-

cantly (Table 3).

Seven of eight probands with abdominal pain underwent liver biopsy. Each of the eight pro-

bands underwent CT scanning of the abdomen/pelvis and other evaluation to identify the

cause(s) of abdominal pain and non-iron liver conditions (Table 4). Five of eight probands

with abdominal pain also had cirrhosis (Table 4). Four of these eight probands also had diabe-

tes. One proband each had chronic viral hepatitis B, heavy alcohol consumption, hepatic sar-

coidosis, and hepatocellular carcinoma. Another proband with cirrhosis also had chronic

cholecystitis, cholelithiasis, and sigmoid diverticulitis. Four probands reported that phlebot-

omy therapy alone alleviated abdominal pain. Three other probands achieved relief of abdomi-

nal pain with phlebotomy in combination with surgical or medical treatment. In a 51 year-old

woman, no cause of abdominal pain was discovered nor did she achieve relief of abdominal

pain after phlebotomy (Table 4).

Literature review

The prevalence of cirrhosis in patients with hemochromatosis diagnosed in non-population

screening venues in 12 reports published in the interval 1935–2011 [19,22,24–26,42–48] is dis-

played in Fig 1. The median percentage of adults with hemochromatosis and cirrhosis was sig-

nificantly greater during the publication interval 1935–1996 than the publication interval

1997–2011 (91.6% (range 57.0, 100.0) vs. 17.0% (range 4.8, 24.1), respectively; p = 0.0062).

In 11 reports published during the interval 1935–1996, there was a positive association of

percentages of patients with hemochromatosis diagnosed in non-population screening venues

who reported abdominal pain at diagnosis [3,19–26,42,49], although this association was not

statistically significant (Fig 2).

Conditions associated with abdominal pain

The present study and twelve previous reports, including some cited in Fig 2, revealed multiple

well-documented causes of abdominal pain in adults with hemochromatosis (Table 5).

Table 3. Abdominal pain in hemochromatosis probands with HFE p.C282Y homozygosity.

Iron-related measures Abdominal pain (n = 8) No abdominal pain (n = 219) Value of p

Median TS, % (n) (range) 89 (39, 100) 81 (19, 100) 0.3735

Median SF, μg/L (range) 2036 (276, 5001) 709 (15, 6103) 0.0711

Median QFe, g (range) 5.8 (1.2, 16.0)) 2.8 (0, 31.2) 0.0837

aAbbreviations: QFe, quantity of iron removed by phlebotomy to achieve iron depletion; SF, serum ferritin; TS, transferrin saturation.

https://doi.org/10.1371/journal.pone.0261690.t003
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Table 4. Hemochromatosis probands with HFE p.C282Y homozygosity and abdominal paina.

Age/

sex

Abdominal pain

description

Liver and other conditions Relief of pain QFe, g

37M general abdominal

discomfortb
diabetes; 4+ liver iron; hepatic iron 26,115 μg/g dry weight; no

cirrhosis

phlebotomy 6.8

47M general abdominal

discomfortc
hepatomegaly; 4+ liver iron; no cirrhosis; chronic viral hepatitis B phlebotomy 5.6

51F general abdominal

discomfortd
diabetes; hepatomegaly; no other liver condition identified; no

liver biopsy

no cause discovered; no relief with phlebotomy 1.2

52M RUQ paine 4+ liver iron; cirrhosis cholecystectomy; sigmoid colon resection;

phlebotomy

6.0

53M RUQ pain, tendernessf diabetes; heavy alcohol consumption; 4+ liver iron; cirrhosis phlebotomy 3.0

58F RUQ paing splenomegaly; 3+ liver iron; cirrhosis; hepatic sarcoidosis; NAFLD treatment of sarcoidosis; phlebotomy 1.4

62F RUQ pain, tendernessh diabetes; 4+ liver iron; cirrhosis phlebotomy 12.0

67M RUQ paini hepatomegaly; 4+ liver iron; cirrhosis; hepatocellular carcinoma resection of hepatocellular carcinoma;

phlebotomy

16.0

aAbbreviations: EGD, esophagogastroduodenoscopy; EKG, electrocardiogram; NAFLD, non-alcoholic fatty liver disease; RUQ, right upper quadrant; US, abdominal

ultrasonography; QFe, quantity of iron removed by phlebotomy to achieve iron depletion.
bEvaluation included CT scan of abdomen/pelvis, EGD, and gastric and small bowel biopsy.
cEvaluation included CT scan of abdomen/pelvis, EKG, and echocardiogram.
dEvaluation included CT scan of abdomen/pelvis, US, EGD, and cardiac monitoring.
eEvaluation included CT scan of abdomen/pelvis, US, and laparoscopic cholecystectomy (chronic cholecystitis, cholelithiasis), and sigmoid colectomy (sigmoid

diverticulitis).
fEvaluation included CT scan of abdomen/pelvis, liver/spleen scan, US, and EGD.
gEvaluation included CT scan of abdomen/pelvis, EGD, and colonoscopy.
hEvaluation included CT scan of abdomen/pelvis, EGD, hepatobiliary scan, cholangiogram, and visceral arteriography.
iEvaluation included CT scan of abdomen/pelvis, US, alpha-fetoprotein level, electrocardiogram, and resection of hepatocellular carcinoma.

https://doi.org/10.1371/journal.pone.0261690.t004

Fig 1. Hemochromatosis and cirrhosis. Percentages of adults with hemochromatosis diagnosed in non-screening

venues who had cirrhosis in 12 reports [19,22,24–26,42–48]. Greater proportions of men than women had cirrhosis in

all reports. Pearson correlation coefficient -0.7969; adjusted r2 = 0.5945 (p = 0.0033).

https://doi.org/10.1371/journal.pone.0261690.g001
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Discussion

A novel observation of this study is that, in non-screening hemochromatosis probands with

HFE p.C282Y homozygosity, there is a significant positive statistical association between

abdominal pain and cirrhosis, after adjustment for other variables. These findings substantiate

and extend previous informal associations of abdominal pain with cirrhosis and its complica-

tions in adults with hemochromatosis, as reported in other case series or compilations [3,19–

23,25,26,65]. Evaluations to determine causes of abdominal pain at presentation in the present

probands varied. Thus, it is plausible that some probands with or without cirrhosis had

abdominal pain due to or exacerbated by conditions that would not have been diagnosed with-

out more exhaustive evaluations. Results of the present study also confirm previous reports of

significant statistical associations of cirrhosis with chronic viral hepatitis [66] and QFe

[10,14,15] in adults with hemochromatosis and p.C282Y homozygosity, after adjustment for

other variables.

Sympathetic innervation of Glisson’s capsule and hepatic veins accounts for pain that arises

in the liver [67]. Regardless of its cause, liver pain is often described as ill-defined, dull, or ach-

ing and its severity is typically reported as mild or moderate [67]. Abdominal pain was local-

ized to the right upper quadrant in five of eight probands in the present study. Three other

probands reported having pain that they described as general abdominal discomfort. In

another study of patients with hemochromatosis diagnosed in referral venues, it was reported

that "Most frequently it [abdominal pain] is dull and boring, crampy, dragging or aching, and

usually located in the epigastrium or right upper quadrant" [20]. In 17 other patients with

hemochromatosis, the most common qualities and locations of abdominal pain were "a dull

aching sensation in the right upper quadrant or epigastrium. Cramping epigastric pains were

also noted, and two patients had pain referred to the costovertebral angles" [24]. Taken

together, these observations indicate that abdominal pain in patients with hemochromatosis at

diagnosis often occurs in the right upper quadrant or epigastrium, although the location, qual-

ity, and severity of abdominal pain vary among patients in this and previous reports.

Fig 2. Hemochromatosis and abdominal pain. Percentages of adults with hemochromatosis diagnosed in referral

venues who reported abdominal pain at diagnosis in 11 reports published during the interval 1935–1996 [3,19–

26,42,49]. Pearson correlation coefficient 0.5491; adjusted r2 = 0.2239 (p = 0.0802).

https://doi.org/10.1371/journal.pone.0261690.g002
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Factors that could account for liver pain in the present patients with or without cirrhosis

include the individual or combined hepatic inflammatory effects of excessive iron [68],

chronic hepatitis B virus infection [69], alcohol-induced liver disease [70], sarcoidosis [62,71],

or NAFLD [62,72], and distention or distortion of the liver caused by hepatomegaly, cirrhosis,

portal hypertension [67], or hepatocellular carcinoma [72]. Elevated blood biomarkers of

inflammation are also common in patients with cirrhosis [70].

None of the present 23 probands with hemochromatosis and diabetes was diagnosed to have

gastroparesis. We found no reports of persons with hemochromatosis who also had diabetes

and gastroparesis. In 134 patients with gastroparesis attributed to diabetes, 89% had abdominal

pain, especially epigastric pain, although none was described to have hemochromatosis [73].

Abdominal pain was alleviated by phlebotomy therapy alone in three male probands and

one female proband with iron overload in this study. Two of these men and the woman had

cirrhosis. Three other probands, each of whom had cirrhosis, achieved relief of abdominal

pain with surgical or medical treatment in combination with phlebotomy, although the relative

contribution of phlebotomy to relief of abdominal pain in these probands, if any, is indeter-

minable. One woman without cirrhosis did not achieve abdominal comfort after phlebotomy

therapy and no other cause of her abdominal pain was discovered. Altogether, factors associ-

ated with abdominal pain included iron overload in seven of eight probands and cirrhosis in

Table 5. Conditions associated with abdominal pain in adults with hemochromatosis.

Condition Comments References

Likely associated with iron overload
Cirrhosis in patients with abdominal pain, odds ratio for cirrhosis 9.8 (95% CI: 1.2, 76.9)a present study

Iron overload pain mechanism unknown; iron overload and cirrhosis often present; pain sometimes alleviated with

phlebotomy alone

present study

Primary liver cancer typically older men with iron overload and cirrhosisb; pain usually in right upper quadrant; pain relief

with indicated surgical or medical treatment + phlebotomy

present study;

[20,24,42,49,50]

Portal vein thrombosis men with iron overload, epigastric or right upper quadrant painc [51,52]

Spontaneous E. coli peritonitis iron overload and cirrhosis typical; rapidly progressive, severe abdominal pain, fever, and death�5 d after

presentationd
[53–58]

Ascites usually due to cirrhosis; pain more likely with large volumes [20,24]

Not likely associated with iron overload
Acute or chronic cholecystitis,

cholelithiasis

right upper quadrant pain relief with indicated surgical or medical treatment + phlebotomy present study; [24,42,59]

Hepatic sarcoidosis cholestasis, extra-hepatic lesions common; right upper quadrant pain relief expected with corticosteroid

treatment + phlebotomy

[60–62]

Sigmoid diverticulitis pain relief with indicated surgical or medical treatment + phlebotomy present study

Peptic ulcer pain relief expected with indicated surgical or medical treatment + phlebotomy [24,42]

Other conditions abdominal pain has been attributed to nephrolithiasis, perisplenitis, acute pancreatitis, and diabetic

neuropathye
[20,24]

No demonstrable abnormality risk of unexplained abdominal pain is higher in women than men unselected for hemochromatosis present study; [11]

aCauses of cirrhosis in the present patients include iron overload, excessive alcohol consumption, chronic viral hepatitis B, and hepatic sarcoidosis.
bOne patient with hemochromatosis, cirrhosis, and primary liver cancer presented with bleeding esophageal varices and portal vein thrombosis [63]. Another patient

with hemochromatosis, cirrhosis, and primary liver cancer presented with spontaneous E. coli peritonitis [55].
cOne patient had HFE p.C282Y/p.H63D and hepatic steatosis [51].
dMost patients with hemochromatosis and spontaneous E. coli peritonitis had heavy iron overload and cirrhosis [53–58]. One patient with hemochromatosis died of

tuberculous peritonitis [42]. Another patient with hemochromatosis was diagnosed to have peritonitis not otherwise specified [49]. Other adults with hemochromatosis

suffered from severe iron overload, and severe, progressive abdominal pain, followed by brief illnesses suggestive of spontaneous bacterial peritonitis leading to death,

without positive bacterial cultures [37,64].
eWe found no reports of persons with hemochromatosis who also had diabetes and gastroparesis.

https://doi.org/10.1371/journal.pone.0261690.t005
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six of eight probands. Although achieving iron depletion in HFE p.C282Y homozygotes with

cirrhosis may alleviate abdominal pain, reversal of cirrhosis after therapeutic phlebotomy in

persons with hemochromatosis is uncommon [74].

It is plausible but unproven that alleviation of abdominal pain was a placebo effect of phle-

botomy in some of the present patients. Nonetheless, it is widely acknowledged that a study

design in which patients with hemochromatosis and iron overload (with or without abdominal

pain) are randomized to receive or not receive phlebotomy treatment (or other means to

reduce iron overload) is unethical. Likewise, it is also unethical to study the outcomes of phle-

botomy therapy to induce iron depletion in hemochromatosis patients (with or without

abdominal pain) using control subjects without hemochromatosis (with or without abdominal

pain) who undergo phlebotomy to the same extent as hemochromatosis patients. In a multi-

center, participant-blinded study of hemochromatosis patients with HFE p.C282Y homozy-

gosity and SF 300–1000 μg/L, participants were randomly assigned to undergo either iron

reduction with erythrocytapheresis (treatment group) or sham treatment with plasmapheresis

(control group) [75]. In the treatment group, the target of erythrocytapheresis was SF

<300 μg/L [75]. Improvements in several subjective and objective measures occurred in treat-

ment participants that were significantly greater than those in control participants, although

no study participant was reported to have either abdominal pain or cirrhosis [75]. Performing

a similar study of hemochromatosis patients with SF>1000 μg/L would not be ethical because

there would be a risk of organ damage due to iron overload that remained untreated in control

participants.

One male proband without cirrhosis in the present study had pain that he described as gen-

eral abdominal discomfort and he also had hepatomegaly, chronic viral hepatitis B, and high

QFe. In non-Asian patients in the US with chronic viral hepatitis B unselected for hemochro-

matosis, liver pain and abdominal tenderness occurred in ~70% and ~78%, respectively [69].

In the present study, hepatomegaly occurred in 34 of 219 probands (16%) and in three of

eight probands with abdominal pain (38%). In six hemochromatosis case series or compila-

tions published before the discovery of the HFE gene in 1996, the prevalence of hepatomegaly

was 41–92% [19,20,25,26,43,76]. In the present study, hepatomegaly was not significantly asso-

ciated with cirrhosis, after adjustment for other variables.

Primary liver cancer, typically hepatocellular carcinoma, is a complication of hemochroma-

tosis, severe iron overload, and cirrhosis that occurs predominantly in older men [50,77]. In

the present study, a 67 year-old man with right upper quadrant abdominal pain also had iron

overload, cirrhosis, and hepatocellular carcinoma. In a 1955 compilation of 787 patients with

hemochromatosis, it was reported that, "In 13 per cent of the cases studied it [abdominal pain]

was accounted for on the basis of liver neoplasm” [20]. In a 1980 study, four of 17 patients

with hemochromatosis and abdominal pain had hepatoma [24]. In a 1993 study, abdominal

pain occurred in 15% of adults with hemochromatosis and primary liver cancer [50].

No cause for abdominal pain (described as general abdominal discomfort) or hepatomegaly

was discovered in one female proband with hepatomegaly and low QFe in this study nor did

she achieve relief of abdominal pain after phlebotomy. Abdominal pain of unknown etiology

is more prevalent in women than men and laparotomy is unlikely to reveal a cause of abdomi-

nal pain in women who have had this symptom for more than three months [78].

Splenomegaly occurred in five of 219 probands (2%) and in one of eight probands with

abdominal pain (13%). The prevalence of splenomegaly was significantly greater in probands

with than without cirrhosis (14% vs. 1%, p = 0.0078), although splenomegaly was not associ-

ated with cirrhosis in a logistic regression, after adjustment for other variables. In four hemo-

chromatosis case series or compilations published before the discovery of HFE, the prevalence

of splenomegaly was 10–55% [19,20,26,43]. Variability in the prevalence of splenomegaly at
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diagnosis of hemochromatosis in adults in this and other reports may be due in part to the cri-

teria used to define splenomegaly and to the severity and duration of iron overload, cirrhosis,

and portal hypertension. In 910 patients with cirrhosis not otherwise specified, splenomegaly

based on estimates of spleen size at diagnostic laparoscopy was present in 51% [79].

In a 2002 report of hemochromatosis screening performed in California health maintenance

clinics, the proportions of 123 HFE p.C282Y homozygotes and 21,994 HFE wild-type control

participants who reported abdominal pain on a questionnaire did not differ significantly (8.1%

vs. 9.8%, respectively; p = 0.6393) [80]. In standardized post-screening clinical evaluations of

participants in the North American primary-care based HEIRS Study that included question-

naires and focused physical examinations, the proportion of 195 previously undiagnosed p.

C282Y homozygotes who reported "unexplained abdominal pain or discomfort in the last 12

months" was significantly greater than that of 364 HFE wild-type control participants (20.5% vs.

11.3%, respectively; p = 0.0037) [81]. Neither of these two screening studies reported causes of

abdominal pain in study participants. Regardless, the proportions of p.C282Y homozygotes

diagnosed by screening who reported abdominal pain are much lower than the aggregate 36%

of 1832 referred patients with hemochromatosis who reported abdominal pain at diagnosis

[3,19–26]. The aggregate prevalence of cirrhosis among p.C282Y homozygotes diagnosed in

three population screening studies (2001–2006) [82–84] was also low (3.3% (95% CI: 2.3, 5.8)).

The present literature review demonstrates that the median percentage of adults with

hemochromatosis who were diagnosed to have cirrhosis was significantly greater in articles

published in the interval 1935–1996 than the interval 1997–2011. Each article describes a case

series compiled over many years, like the present work. Thus, exact years of diagnosis of hemo-

chromatosis are unreported or cannot be deduced for most individual patients. Nonetheless,

results of our analysis are consistent with a shift of hemochromatosis diagnosis criteria from

the triad “diabetes, bronzing, and cirrhosis” [1] to elevated TS, with or without hyperferritine-

mia, and a hemochromatosis-associated HFE genotype, especially p.C282Y homozygosity,

after discovery of the HFE gene in 1996 [3]. Although we observed a positive relationship of

year of publication with percentage of hemochromatosis patients with abdominal pain at diag-

nosis in case series, this relationship was not statistically significant. Interpretation of the latter

relationship is limited because many hemochromatosis case series do not report observations

on abdominal pain.

Strengths of this study include a large cohort of non-screening, unrelated adults with hemo-

chromatosis and HFE p.C282Y homozygosity and a complete data set that includes histologi-

cally proven cirrhosis and QFe. A limitation of this study is that interpretation of abdominal

pain by patients and physicians is subjective. Logistic regression on cirrhosis indicates that

~63% of the independent determinant(s) of cirrhosis in the present hemochromatosis pro-

bands were not identified or analyzed. Like the present probands, abdominal pain is common

in adults unselected for HFE hemochromatosis, including those with [85–87] and without

[88,89] cirrhosis. Although we did not compare characteristics of the present probands with

those of other cohorts of adults with abdominal pain, the present study substantiates that the

prevalence of abdominal pain at diagnosis in referred probands with HFE p.C282Y homozy-

gosity is significantly greater among those with than among those without cirrhosis, after

adjustment for other variables. Studying abdominal pain that occurred after diagnosis of

hemochromatosis in the present probands was beyond the scope of the present study.

Conclusions

We conclude that abdominal pain, chronic viral hepatitis, and QFe are significantly associated

with cirrhosis at diagnosis in non-screening hemochromatosis probands with HFE p.C282Y
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homozygosity. Abdominal pain was uncommon in hemochromatosis probands without cir-

rhosis or diabetes. Iron-related and non-iron-related factors contribute to the occurrence of

abdominal pain.
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22. Marble A, Bailey CC. Hemochromatosis. Am J Med. 1951; 11: 590–599. https://doi.org/10.1016/0002-

9343(51)90045-9 PMID: 14894460

23. Bomford A, Williams R. Long term results of venesection therapy in idiopathic haemochromatosis. Q J

Med. 1976; 45: 611–623. PMID: 188063

24. Milder MS, Cook JD, Stray S, Finch CA. Idiopathic hemochromatosis, an interim report. Medicine (Balti-

more). 1980; 59: 34–49. https://doi.org/10.1097/00005792-198001000-00002 PMID: 6986008

25. Milman N. Hereditary haemochromatosis in Denmark 1950–1985. Clinical, biochemical and histological

features in 179 patients and 13 preclinical cases. Dan Med Bull. 1991; 38: 385–393. PMID: 1914539

26. Niederau C, Fischer R, Purschel A, Stremmel W, Haussinger D, Strohmeyer G. Long-term survival in

patients with hereditary hemochromatosis. Gastroenterology. 1996; 110: 1107–1119. https://doi.org/

10.1053/gast.1996.v110.pm8613000 PMID: 8613000

27. Bacon BR, Adams PC, Kowdley KV, Powell LW, Tavill AS. Diagnosis and management of hemochro-

matosis: 2011 practice guideline by the American Association for the Study of Liver Diseases. Hepatol-

ogy. 2011; 54: 328–343. https://doi.org/10.1002/hep.24330 PMID: 21452290

28. Barton JC, Acton RT, Dawkins FW, Adams PC, Lovato L, Leiendecker-Foster C, et al. Initial screening

transferrin saturation values, serum ferritin concentrations, and HFE genotypes in whites and blacks in

the Hemochromatosis and Iron Overload Screening Study. Genet Test. 2005; 9: 231–241. https://doi.

org/10.1089/gte.2005.9.231 PMID: 16225403

29. Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al. The revised International Association

for the Study of Pain definition of pain: concepts, challenges, and compromises. Pain. 2020; 161: 1976–

1982. https://doi.org/10.1097/j.pain.0000000000001939 PMID: 32694387

30. American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care

in Diabetes-2020. Diabetes Care. 2020; 43: S14–S31. https://doi.org/10.2337/dc20-S002 PMID:

31862745

31. Dietrich CF, Serra C, Jedrzejczyk M. Ultrasound of the liver. In: Dietrich CF, editors. EFSUMB—Euro-

pean Course Book. London: European Federation for Societies for Ultrasound in Medicine and Biol-

ogy; 2020. pp. 1–108.

PLOS ONE Abdominal pain in hemochromatosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261690 December 21, 2021 14 / 17

https://doi.org/10.1016/j.cgh.2011.11.032
https://doi.org/10.1016/j.cgh.2011.11.032
http://www.ncbi.nlm.nih.gov/pubmed/22265917
https://doi.org/10.1097/MCG.0b013e3181919a33
http://www.ncbi.nlm.nih.gov/pubmed/19359997
https://doi.org/10.1002/hep.25720
https://doi.org/10.1002/hep.25720
http://www.ncbi.nlm.nih.gov/pubmed/22422567
https://doi.org/10.1053/gast.2002.30992
https://doi.org/10.1053/gast.2002.30992
http://www.ncbi.nlm.nih.gov/pubmed/11832443
https://doi.org/10.1016/s0016-5085%2898%2970265-3
https://doi.org/10.1016/s0016-5085%2898%2970265-3
http://www.ncbi.nlm.nih.gov/pubmed/9753496
https://doi.org/10.5604/01.3001.0012.3169
http://www.ncbi.nlm.nih.gov/pubmed/30145563
https://doi.org/10.1046/j.1537-2995.2001.41010123.x
https://doi.org/10.1046/j.1537-2995.2001.41010123.x
http://www.ncbi.nlm.nih.gov/pubmed/11161257
https://doi.org/10.1182/blood-2007-11-122374
https://doi.org/10.1182/blood-2007-11-122374
http://www.ncbi.nlm.nih.gov/pubmed/18316631
https://doi.org/10.1002/ajh.20714
http://www.ncbi.nlm.nih.gov/pubmed/16838333
http://www.ncbi.nlm.nih.gov/pubmed/19990331
https://doi.org/10.1097/00005792-195512000-00001
https://doi.org/10.1097/00005792-195512000-00001
http://www.ncbi.nlm.nih.gov/pubmed/13272508
https://doi.org/10.1016/0002-9343%2851%2990045-9
https://doi.org/10.1016/0002-9343%2851%2990045-9
http://www.ncbi.nlm.nih.gov/pubmed/14894460
http://www.ncbi.nlm.nih.gov/pubmed/188063
https://doi.org/10.1097/00005792-198001000-00002
http://www.ncbi.nlm.nih.gov/pubmed/6986008
http://www.ncbi.nlm.nih.gov/pubmed/1914539
https://doi.org/10.1053/gast.1996.v110.pm8613000
https://doi.org/10.1053/gast.1996.v110.pm8613000
http://www.ncbi.nlm.nih.gov/pubmed/8613000
https://doi.org/10.1002/hep.24330
http://www.ncbi.nlm.nih.gov/pubmed/21452290
https://doi.org/10.1089/gte.2005.9.231
https://doi.org/10.1089/gte.2005.9.231
http://www.ncbi.nlm.nih.gov/pubmed/16225403
https://doi.org/10.1097/j.pain.0000000000001939
http://www.ncbi.nlm.nih.gov/pubmed/32694387
https://doi.org/10.2337/dc20-S002
http://www.ncbi.nlm.nih.gov/pubmed/31862745
https://doi.org/10.1371/journal.pone.0261690


32. Saboo SS, Krajewski KM, O’Regan KN, Giardino A, Brown JR, Ramaiya N, et al. Spleen in haematolo-

gical malignancies: spectrum of imaging findings. Br J Radiol. 2012; 85: 81–92. https://doi.org/10.1259/

bjr/31542964 PMID: 22096219

33. McCormick PA. Hepatic Cirrhosis. In: Dooley JS, Lok ASF, Burroughs AK, Heathcote EJ, editors. Sher-

lock’s Diseases of the Liver and Biliary System. Chichester: Wiley-Blackwell; 2012. pp. 103–120.

34. Scheuer PJ, Williams R, MUIR AR. Hepatic pathology in relatives of patients with haemochromatosis. J

Pathol Bacteriol. 1962; 84: 53–64. PMID: 14498313

35. Adams PC, Barton JC. How I treat hemochromatosis. Blood. 2010; 116: 317–325. https://doi.org/10.

1182/blood-2010-01-261875 PMID: 20308595

36. Barton JC, Shih WW, Sawada-Hirai R, Acton RT, Harmon L, Rivers C, et al. Genetic and clinical

description of hemochromatosis probands and heterozygotes: evidence that multiple genes linked to

the major histocompatibility complex are responsible for hemochromatosis. Blood Cells Mol Dis. 1997;

23: 135–145. https://doi.org/10.1006/bcmd.1997.0129 PMID: 9215758

37. Desforges G. Abdominal pain in hemochromatosis. N Engl J Med. 1949; 241: 485–487. https://doi.org/

10.1056/NEJM194909292411304 PMID: 18140792

38. Armstrong RA. When to use the Bonferroni correction. Ophthalmic Physiol Opt. 2014; 34: 502–508.

https://doi.org/10.1111/opo.12131 PMID: 24697967

39. Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of variables in logistic regression.

Source Code Biol Med. 2008; 3: 17. https://doi.org/10.1186/1751-0473-3-17 PMID: 19087314

40. Phatak PD, Barton JC. Phlebotomy-mobilized iron as a surrogate for liver iron content in hemochroma-

tosis patients. Hematology. 2003; 8: 429–432. https://doi.org/10.1080/1024533032000158832 PMID:

14668040

41. Beutler E, Felitti V, Ho NJ, Gelbart T. Relationship of body iron stores to levels of serum ferritin, serum

iron, unsaturated iron binding capacity and transferrin saturation in patients with iron storage disease.

Acta Haematol. 2002; 107: 145–149. https://doi.org/10.1159/000057632 PMID: 11978935

42. Kleckner MS Jr., Kark RM, Baker LA, Chapman AZ, Kaplan E, Moore TJ. Clinical features, pathology,

and therapy of hemochromatosis. J Am Med Assoc. 1955; 157: 1471–1476. https://doi.org/10.1001/

jama.1955.02950340001001 PMID: 14366997

43. Fargion S, Mandelli C, Piperno A, Cesana B, Fracanzani AL, Fraquelli M, et al. Survival and prognostic

factors in 212 Italian patients with genetic hemochromatosis. Hepatology. 1992; 15: 655–659. https://

doi.org/10.1002/hep.1840150417 PMID: 1312985

44. Barton JC, Barton NH, Alford TJ. Diagnosis of hemochromatosis probands in a community hospital. Am

J Med. 1997; 103: 498–503. https://doi.org/10.1016/s0002-9343(97)00276-3 PMID: 9428833

45. Moirand R, Adams PC, Bicheler V, Brissot P, Deugnier Y. Clinical features of genetic hemochromatosis

in women compared with men. Ann Intern Med. 1997; 127: 105–110. https://doi.org/10.7326/0003-

4819-127-2-199707150-00002 PMID: 9229998

46. Bell H, Berg JP, Undlien DE, Distante S, Raknerud N, Heier HE, et al. The clinical expression of hemo-

chromatosis in Oslo, Norway. Excessive oral iron intake may lead to secondary hemochromatosis even

in HFE C282Y mutation negative subjects. Scand J Gastroenterol. 2000; 35: 1301–1307. https://doi.

org/10.1080/003655200453665 PMID: 11199371

47. Bulaj ZJ, Ajioka RS, Phillips JD, LaSalle BA, Jorde LB, Griffen LM, et al. Disease-related conditions in

relatives of patients with hemochromatosis. N Engl J Med. 2000; 343: 1529–1535. https://doi.org/10.

1056/NEJM200011233432104 PMID: 11087882

48. Aleman S, Endalib S, Stal P, Loof L, Lindgren S, Sandberg-Gertzen H, et al. Health check-ups and fam-

ily screening allow detection of hereditary hemochromatosis with less advanced liver fibrosis and sur-

vival comparable with the general population. Scand J Gastroenterol. 2011; 46: 1118–1126. https://doi.

org/10.3109/00365521.2011.591426 PMID: 21675821

49. Marble A, Steinke J. [Hemochromatosis; report on 42 cases associated with diabetes]. Medizinische.

1959; 1: 19–23. PMID: 13622130

50. Deugnier YM, Guyader D, Crantock L, Lopez JM, Turlin B, Yaouanq J, et al. Primary liver cancer in

genetic hemochromatosis: a clinical, pathological, and pathogenetic study of 54 cases. Gastroenterol-

ogy. 1993; 104: 228–234. https://doi.org/10.1016/0016-5085(93)90856-8 PMID: 8419246

51. Delval L, Brohee D, Cauchie P, Vanhaeverbeek M, Hilbert P. [Acute portal thrombosis revealing heredi-

tary hemochromatosis: report of a case]. Rev Med Brux. 2002; 23: 83–86. PMID: 12056062

52. Pannach S, Babatz J, Beyer-Westendorf J. Successful treatment of acute portal vein thrombosis with

rivaroxaban. Thromb Haemost. 2013; 110: 626–627. https://doi.org/10.1160/TH13-05-0407 PMID:

23846289

53. McClatchie S, Taylor HE, Henry AT. Acute abdominal pain and shock associated with haemochromato-

sis. Can Med Assoc J. 1950; 63: 485–488. PMID: 14778102

PLOS ONE Abdominal pain in hemochromatosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261690 December 21, 2021 15 / 17

https://doi.org/10.1259/bjr/31542964
https://doi.org/10.1259/bjr/31542964
http://www.ncbi.nlm.nih.gov/pubmed/22096219
http://www.ncbi.nlm.nih.gov/pubmed/14498313
https://doi.org/10.1182/blood-2010-01-261875
https://doi.org/10.1182/blood-2010-01-261875
http://www.ncbi.nlm.nih.gov/pubmed/20308595
https://doi.org/10.1006/bcmd.1997.0129
http://www.ncbi.nlm.nih.gov/pubmed/9215758
https://doi.org/10.1056/NEJM194909292411304
https://doi.org/10.1056/NEJM194909292411304
http://www.ncbi.nlm.nih.gov/pubmed/18140792
https://doi.org/10.1111/opo.12131
http://www.ncbi.nlm.nih.gov/pubmed/24697967
https://doi.org/10.1186/1751-0473-3-17
http://www.ncbi.nlm.nih.gov/pubmed/19087314
https://doi.org/10.1080/1024533032000158832
http://www.ncbi.nlm.nih.gov/pubmed/14668040
https://doi.org/10.1159/000057632
http://www.ncbi.nlm.nih.gov/pubmed/11978935
https://doi.org/10.1001/jama.1955.02950340001001
https://doi.org/10.1001/jama.1955.02950340001001
http://www.ncbi.nlm.nih.gov/pubmed/14366997
https://doi.org/10.1002/hep.1840150417
https://doi.org/10.1002/hep.1840150417
http://www.ncbi.nlm.nih.gov/pubmed/1312985
https://doi.org/10.1016/s0002-9343%2897%2900276-3
http://www.ncbi.nlm.nih.gov/pubmed/9428833
https://doi.org/10.7326/0003-4819-127-2-199707150-00002
https://doi.org/10.7326/0003-4819-127-2-199707150-00002
http://www.ncbi.nlm.nih.gov/pubmed/9229998
https://doi.org/10.1080/003655200453665
https://doi.org/10.1080/003655200453665
http://www.ncbi.nlm.nih.gov/pubmed/11199371
https://doi.org/10.1056/NEJM200011233432104
https://doi.org/10.1056/NEJM200011233432104
http://www.ncbi.nlm.nih.gov/pubmed/11087882
https://doi.org/10.3109/00365521.2011.591426
https://doi.org/10.3109/00365521.2011.591426
http://www.ncbi.nlm.nih.gov/pubmed/21675821
http://www.ncbi.nlm.nih.gov/pubmed/13622130
https://doi.org/10.1016/0016-5085%2893%2990856-8
http://www.ncbi.nlm.nih.gov/pubmed/8419246
http://www.ncbi.nlm.nih.gov/pubmed/12056062
https://doi.org/10.1160/TH13-05-0407
http://www.ncbi.nlm.nih.gov/pubmed/23846289
http://www.ncbi.nlm.nih.gov/pubmed/14778102
https://doi.org/10.1371/journal.pone.0261690


54. Finlayson DC, Brooks JR, Vandam LD. Hemochromatosis, abdominal pain, shock and death. Ann

Surg. 1963; 158: 256–259. https://doi.org/10.1097/00000658-196308000-00015 PMID: 14047548

55. MacSween RNM. Acute abdominal crisis, circulatory collapse and sudden death in haemochromatosis.

Q J Med. 1966; 35: 589–598.

56. Steinhoff W, Mittermayer C, Hartung H. [Differential diagnosis of acute appendicitis—hemochromato-

sis]. Med Welt. 1976; 27: 1425–1427. PMID: 957967

57. Zala G. [Acute abdomen with irreversible shock, a rare but typical complication of hemochromatosis].

Schweiz Med Wochenschr. 1985; 115: 1461–1465. PMID: 3906880

58. Sydow M, Crozier TA, Schauer A, Burchardi H. [Septic shock with acute abdomen in idiopathic hemo-

chromatosis]. Anasthesiol Intensivmed Notfallmed Schmerzther. 1993; 28: 258–260. https://doi.org/10.

1055/s-2007-998921 PMID: 8353206

59. Dupuy R, Vallin J. [Acute gallbladder complications during hemochromatosis]. Rev Int Hepatol. 1966;

16: 1317–1325. PMID: 5958816

60. Rua-Figueroa I, de VT, Echevarria S, Crespo J. [Sarcoidosis and hemochromatosis]. Med Clin (Barc).

1992; 98: 315–316. PMID: 1560724

61. Ayensa DC, Agud AJ, Sanchez NM. [Sarcoidosis and hemochromatosis]. Rev Clin Esp. 1987; 181:

171. PMID: 3659472

62. Barton JC, McGuire BM, Acton RT. HFE hemochromatosis and hepatic sarcoid. Am J Med Sci. 2009;

337: 386–390. https://doi.org/10.1097/MAJ.0b013e318191ed17 PMID: 19440063

63. Dumitrescu A. (2021) Cirrhosis and hepatocellular carcinoma in the setting of hemochromatosis. Avail-

able from: https://radiopaedia.org/cases/cirrhosis-and-hepatocellular-carcinoma-in-the-setting-of-

haemochromatosis?lang=us.

64. Livingstone DJ. The simulation of abdominal emergency by presumed ferritin shock in haemochromato-

sis. Scott Med J. 1960; 5: 164–166. https://doi.org/10.1177/003693306000500406 PMID: 14417653

65. Witte DL, Crosby WH, Edwards CQ, Fairbanks VF, Mitros FA. Practice guideline development task

force of the College of American Pathologists. Hereditary hemochromatosis. Clin Chim Acta. 1996;

245: 139–200. https://doi.org/10.1016/0009-8981(95)06212-2 PMID: 8867884

66. Barton JC, Barton JC, Adams PC. Prevalence and characteristics of anti-HCV positivity and chronic

hepatitis C virus infection in HFE p.C282Y homozygotes. Ann Hepatol. 2019; 18: 354–359. https://doi.

org/10.1016/j.aohep.2018.11.005 PMID: 31056361

67. Waldman SD. Liver Pain. In: Atlas of Uncommon Pain Syndromes. Amsterdam: Elsevier; 2014. pp.

209–211.

68. Miyanishi K, Tanaka S, Sakamoto H, Kato J. The role of iron in hepatic inflammation and hepatocellular

carcinoma. Free Radic Biol Med. 2019; 133: 200–205. https://doi.org/10.1016/j.freeradbiomed.2018.

07.006 PMID: 30017991

69. Hann HW, Han SH, Block TM, Harris M, Maa JF, Fisher RT, et al. Symptomatology and health attitudes

of chronic hepatitis B patients in the USA. J Viral Hepat. 2008; 15: 42–51. https://doi.org/10.1111/j.

1365-2893.2007.00895.x PMID: 18088244

70. Rogal SS, Bielefeldt K, Wasan AD, Lotrich FE, Zickmund S, Szigethy E, et al. Inflammation, psychiatric

symptoms, and opioid use are associated with pain and disability in patients with cirrhosis. Clin Gastro-

enterol Hepatol. 2015; 13: 1009–1016. https://doi.org/10.1016/j.cgh.2014.10.029 PMID: 25460019

71. Dulai PS, Rothstein RI. Disseminated sarcoidosis presenting as granulomatous gastritis: a clinical

review of the gastrointestinal and hepatic manifestations of sarcoidosis. J Clin Gastroenterol. 2012; 46:

367–374. https://doi.org/10.1097/MCG.0b013e318247106b PMID: 22334224

72. Anderson ER, Shah YM. Iron homeostasis in the liver. Compr Physiol. 2013; 3: 315–330. https://doi.

org/10.1002/cphy.c120016 PMID: 23720289

73. Parkman HP, Wilson LA, Hasler WL, McCallum RW, Sarosiek I, Koch KL, et al. Abdominal pain in

patients with gastroparesis: associations with gastroparesis symptoms, etiology of gastroparesis, gas-

tric emptying, somatization, and quality of liife. Dig Dis Sci. 2019; 64: 2242–2255. https://doi.org/10.

1007/s10620-019-05522-9 PMID: 30852767

74. Falize L, Guillygomarc’h A, Perrin M, Laine F, Guyader D, Brissot P, et al. Reversibility of hepatic fibro-

sis in treated genetic hemochromatosis: a study of 36 cases. Hepatology. 2006; 44: 472–477. https://

doi.org/10.1002/hep.21260 PMID: 16871557

75. Ong SY, Gurrin LC, Dolling L, Dixon J, Nicoll AJ, Wolthuizen M, et al. Reduction of body iron in HFE-

related haemochromatosis and moderate iron overload (Mi-Iron): a multicentre, participant-blinded, ran-

domised controlled trial. Lancet Haematol. 2017; 4: e607–e614. https://doi.org/10.1016/S2352-3026

(17)30214-4 PMID: 29195602

PLOS ONE Abdominal pain in hemochromatosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261690 December 21, 2021 16 / 17

https://doi.org/10.1097/00000658-196308000-00015
http://www.ncbi.nlm.nih.gov/pubmed/14047548
http://www.ncbi.nlm.nih.gov/pubmed/957967
http://www.ncbi.nlm.nih.gov/pubmed/3906880
https://doi.org/10.1055/s-2007-998921
https://doi.org/10.1055/s-2007-998921
http://www.ncbi.nlm.nih.gov/pubmed/8353206
http://www.ncbi.nlm.nih.gov/pubmed/5958816
http://www.ncbi.nlm.nih.gov/pubmed/1560724
http://www.ncbi.nlm.nih.gov/pubmed/3659472
https://doi.org/10.1097/MAJ.0b013e318191ed17
http://www.ncbi.nlm.nih.gov/pubmed/19440063
https://radiopaedia.org/cases/cirrhosis-and-hepatocellular-carcinoma-in-the-setting-of-haemochromatosis?lang=us
https://radiopaedia.org/cases/cirrhosis-and-hepatocellular-carcinoma-in-the-setting-of-haemochromatosis?lang=us
https://doi.org/10.1177/003693306000500406
http://www.ncbi.nlm.nih.gov/pubmed/14417653
https://doi.org/10.1016/0009-8981%2895%2906212-2
http://www.ncbi.nlm.nih.gov/pubmed/8867884
https://doi.org/10.1016/j.aohep.2018.11.005
https://doi.org/10.1016/j.aohep.2018.11.005
http://www.ncbi.nlm.nih.gov/pubmed/31056361
https://doi.org/10.1016/j.freeradbiomed.2018.07.006
https://doi.org/10.1016/j.freeradbiomed.2018.07.006
http://www.ncbi.nlm.nih.gov/pubmed/30017991
https://doi.org/10.1111/j.1365-2893.2007.00895.x
https://doi.org/10.1111/j.1365-2893.2007.00895.x
http://www.ncbi.nlm.nih.gov/pubmed/18088244
https://doi.org/10.1016/j.cgh.2014.10.029
http://www.ncbi.nlm.nih.gov/pubmed/25460019
https://doi.org/10.1097/MCG.0b013e318247106b
http://www.ncbi.nlm.nih.gov/pubmed/22334224
https://doi.org/10.1002/cphy.c120016
https://doi.org/10.1002/cphy.c120016
http://www.ncbi.nlm.nih.gov/pubmed/23720289
https://doi.org/10.1007/s10620-019-05522-9
https://doi.org/10.1007/s10620-019-05522-9
http://www.ncbi.nlm.nih.gov/pubmed/30852767
https://doi.org/10.1002/hep.21260
https://doi.org/10.1002/hep.21260
http://www.ncbi.nlm.nih.gov/pubmed/16871557
https://doi.org/10.1016/S2352-3026%2817%2930214-4
https://doi.org/10.1016/S2352-3026%2817%2930214-4
http://www.ncbi.nlm.nih.gov/pubmed/29195602
https://doi.org/10.1371/journal.pone.0261690


76. Adams PC, Valberg LS. Evolving expression of hereditary hemochromatosis. Semin Liver Dis. 1996;

16: 47–54. https://doi.org/10.1055/s-2007-1007218 PMID: 8723323

77. Atkins JL, Pilling LC, Masoli JAH, Kuo CL, Shearman JD, Adams PC, et al. Association of hemochroma-

tosis HFE p.C282Y homozygosity With hepatic malignancy. JAMA. 2020; 324: 2048–2057. https://doi.

org/10.1001/jama.2020.21566 PMID: 33231665

78. Sarfeh IJ. Abdominal pain of unknown etiology. Am J Surg. 1976; 132: 22–25. https://doi.org/10.1016/

0002-9610(76)90283-x PMID: 952333

79. Orlando R, Lirussi F, Basso SM, Lumachi F. Splenomegaly as risk factor of liver cirrhosis. A retrospec-

tive cohort study of 2,525 patients who underwent laparoscopy. In Vivo. 2011; 25:1009–1012. PMID:

22021698

80. Waalen J, Felitti V, Gelbart T, Ho NJ, Beutler E. Prevalence of hemochromatosis-related symptoms

among individuals with mutations in the HFE gene. Mayo Clin Proc. 2002; 77: 522–530. https://doi.org/

10.4065/77.6.522 PMID: 12059121

81. McLaren GD, McLaren CE, Adams PC, Barton JC, Reboussin DM, Gordeuk VR, et al. Clinical manifes-

tations of hemochromatosis in HFE C282Y homozygotes identified by screening. Can J Gastroenterol.

2008; 22: 923–930. https://doi.org/10.1155/2008/907356 PMID: 19018338

82. Åsberg A, Hveem K, Thorstensen K, Ellekjter E, Kannelonning K, Fjosne U, et al. Screening for hemo-

chromatosis: high prevalence and low morbidity in an unselected population of 65,238 persons. Scand

J Gastroenterol. 2001; 36: 1108–1115. https://doi.org/10.1080/003655201750422747 PMID: 11589387

83. Adams PC, Passmore L, Chakrabarti S, Reboussin DM, Acton RT, Barton JC, et al. Liver diseases in

the hemochromatosis and iron overload screening study. Clin Gastroenterol Hepatol. 2006; 4: 918–

923. https://doi.org/10.1016/j.cgh.2006.04.013 PMID: 16797244

84. Powell LW, Dixon JL, Ramm GA, Purdie DM, Lincoln DJ, Anderson GJ, et al. Screening for hemochro-

matosis in asymptomatic subjects with or without a family history. Arch Intern Med. 2006; 166: 294–

301. https://doi.org/10.1001/archinte.166.3.294 PMID: 16476869

85. Silberbogen AK, Janke EA, Hebenstreit C. A closer look at pain and hepatitis C: preliminary data from a

veteran population. J Rehabil Res Dev. 2007; 44: 231–244. https://doi.org/10.1682/jrrd.2006.05.0053

PMID: 17551875

86. Rogal SS, Bielefeldt K, Wasan AD, Lotrich FE, Zickmund S, Szigethy E, et al. Inflammation, psychiatric

symptoms, and opioid use are associated with pain and disability in patients with cirrhosis. Clin Gastro-

enterol Hepatol. 2015; 13: 1009–1016. https://doi.org/10.1016/j.cgh.2014.10.029 PMID: 25460019

87. Rogal SS, Bielefeldt K, Wasan AD, Szigethy E, Lotrich F, DiMartini AF. Fibromyalgia symptoms and cir-

rhosis. Dig Dis Sci. 2015; 60: 1482–1489. https://doi.org/10.1007/s10620-014-3453-3 PMID: 25433921

88. Cervellin G, Mora R, Ticinesi A, Meschi T, Comelli I, Catena F, et al. Epidemiology and outcomes of

acute abdominal pain in a large urban Emergency Department: retrospective analysis of 5,340 cases.

Ann Transl Med. 2016; 4: 362. https://doi.org/10.21037/atm.2016.09.10 PMID: 27826565

89. Lakhoo K, Almario CV, Khalil C, Spiegel BMR. Prevalence and characteristics of abdominal pain in the

United States. Clin Gastroenterol Hepatol. 2021; 19: 1864–1872. https://doi.org/10.1016/j.cgh.2020.06.

065 PMID: 32629129

PLOS ONE Abdominal pain in hemochromatosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261690 December 21, 2021 17 / 17

https://doi.org/10.1055/s-2007-1007218
http://www.ncbi.nlm.nih.gov/pubmed/8723323
https://doi.org/10.1001/jama.2020.21566
https://doi.org/10.1001/jama.2020.21566
http://www.ncbi.nlm.nih.gov/pubmed/33231665
https://doi.org/10.1016/0002-9610%2876%2990283-x
https://doi.org/10.1016/0002-9610%2876%2990283-x
http://www.ncbi.nlm.nih.gov/pubmed/952333
http://www.ncbi.nlm.nih.gov/pubmed/22021698
https://doi.org/10.4065/77.6.522
https://doi.org/10.4065/77.6.522
http://www.ncbi.nlm.nih.gov/pubmed/12059121
https://doi.org/10.1155/2008/907356
http://www.ncbi.nlm.nih.gov/pubmed/19018338
https://doi.org/10.1080/003655201750422747
http://www.ncbi.nlm.nih.gov/pubmed/11589387
https://doi.org/10.1016/j.cgh.2006.04.013
http://www.ncbi.nlm.nih.gov/pubmed/16797244
https://doi.org/10.1001/archinte.166.3.294
http://www.ncbi.nlm.nih.gov/pubmed/16476869
https://doi.org/10.1682/jrrd.2006.05.0053
http://www.ncbi.nlm.nih.gov/pubmed/17551875
https://doi.org/10.1016/j.cgh.2014.10.029
http://www.ncbi.nlm.nih.gov/pubmed/25460019
https://doi.org/10.1007/s10620-014-3453-3
http://www.ncbi.nlm.nih.gov/pubmed/25433921
https://doi.org/10.21037/atm.2016.09.10
http://www.ncbi.nlm.nih.gov/pubmed/27826565
https://doi.org/10.1016/j.cgh.2020.06.065
https://doi.org/10.1016/j.cgh.2020.06.065
http://www.ncbi.nlm.nih.gov/pubmed/32629129
https://doi.org/10.1371/journal.pone.0261690

