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Abstract

Introduction. Hereditary hemochromatosis is a
common inherited metabolic disorder of iron me-
tabolism with variable penetrance. Portal vein
thrombosis has several well-known causes includ-
ing cirrhosis, myeloproliferative neoplasm, inflam-
matory conditions of the abdomen, intra-abdominal
malignancy, intra-abdominal surgery, and thrombo-
philia. It is unknown whether hereditary hemochro-
matosis is associated with portal vein thrombosis.
Material and methodology. A retrospective analysis
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of the National Inpatient Sample database from 2016
to 2020 was conducted using International Classifi-
cation of Diseases-10 codes to identify hospitaliza-
tions with portal vein thrombosis. We used multi-
variate regression analysis to calculate the adjusted
odds ratio after controlling for age, gender, insur-
ance type, Charlson Comorbidity Index, cirrhosis,
myeloproliferative neoplasm, inflammatory condi-
tions of the abdomen, intra-abdominal malignancy,
intra-abdominal surgery, history of past thrombo-
sis, thrombophilia, end-stage renal disease, obesity,
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smoking, and hyperlipidemia.

Results. There were 25805 hospitalizations with
primary diagnosis of portal vein thrombosis. Mul-
tivariate logistic regression showed that hereditary
hemochromatosis was independently associated
with portal vein thrombosis (Odds ratio= 4.7, 95%
CI=1.15to 19.35, p-value=0.03) when cirrhosis, my-
eloproliferative neoplasm, inflammatory conditions
of the abdomen, intra-abdominal malignancy, his-
tory of thrombosis, history of abdominal surgery,
history of thrombophilia, and end-stage renal dis-
ease among other factors were controlled.

Resumen

Introduccion. Introduccion. La hemocromatosis here-
ditaria es un trastorno metabdlico hereditario comun
del metabolismo del hierro con penetrancia variable.
La trombosis de la vena porta tiene varias causas bien
conocidas que incluyen cirrosis, neoplasia mieloproli-
ferativa, afecciones inflamatorias del abdomen, neopla-
sia maligna intraabdominal, cirugfa intraabdominal y
trombofilia. Se desconoce si la hemocromatosis here-
ditaria esta asociada con la trombosis de la vena porta.
Material y metodologia. Se realizé un analisis retros-
pectivo de la base de datos de la Muestra Nacional de
Pacientes Hospitalizados de 2016 a 2020 utilizando
los codigos de la Clasificacion Internacional de En-
fermedades-10 para identificar hospitalizaciones con
trombosis de la vena porta. Utilizamos un analisis
de regresion multivariado para calcular el odds ratio
ajustado después de controlar por edad, sexo, tipo de
seguro, indice de comorbilidad de Charlson, cirrosis,
neoplasia mieloproliferativa, afecciones inflamatorias
del abdomen, neoplasia maligna intraabdominal, ciru-
gia intraabdominal, antecedentes de trombosis pasada,
trombofilia, enfermedad renal terminal, obesidad, ta-
baquismo e hiperlipidemia.

Resultados. Hubo 25.805 hospitalizaciones con diag-
nostico primario de trombosis de la vena porta. La re-
gresion logistica multivariada mostré que la hemocro-
matosis hereditaria se asoci6 de forma independiente
con la trombosis de la vena porta (odds ratio = 4.7, IC
del 95 % = 1.15 a 19.35, valor de p = 0,03) cuando se
controlaron cirrosis, neoplasia mieloproliferativa, afec-
ciones inflamatorias del abdomen, neoplasia maligna
intraabdominal, antecedentes de trombosis, antece-
dentes de cirugia abdominal, antecedentes de trombo-
filia y enfermedad renal terminal, entre otros factores.
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Introduction

Hereditary hemochromatosis (HH) has a prevalence
of 1 in 220 to 250 people. It is a common genet-
ic disorder with variable penetrance. It is especially
common in non-Hispanic whites of northern Euro-
pean origin. The clinical features of those affected
include liver cirrhosis, diabetes mellitus, hypogo-
nadism, cardiomyopathy, and arthropathy".

The lifetime risk of portal vein thrombosis in the
general population is estimated to be around 1%®.
There are many well-known risk factors of portal
vein thrombosis including, but not limited to, my-
eloproliferative neoplasm, inflammatory conditions
of the abdomen (acute appendicitis, acute diverticu-
litis, and acute pancreatitis), intra-abdominal malig-
nancy and intra-abdominal surgery®.

Gill et al found that one standard deviation increase
in ferritin was associated with a significantly in-
creased risk of venous thromboembolism with an
odds ratio(OR) of 1.92%. It is unknown if hereditary
hemochromatosis is independently associated with
the development of portal vein thrombosis.

Methods

Data source

We used the National Inpatient Sample (NIS) data-
base from 2016 to 2020, as the source of data®. This
database, part of the Healthcare Cost and Utiliza-
tion Project (HCUP) and maintained by the Agency
for Healthcare Research and Quality (AHRQ), rep-
resents a weighted 20% sample of all hospital dis-
charges. It includes demographic, economic, and
clinical data.

Ethical considerations

Due to the de-identified nature of the patient infor-
mation contained within, obtaining institutional re-
view board approval was not necessary.

Variables and outcomes

We utilized International Classification of Disease-10
(ICD-10) codes to identify portal vein thrombosis
(I81) as the primary diagnosis. Secondary diagno-
ses included a variety of conditions, each identified
by specific ICD-10 codes: cirrhosis (K7030, K7031,
K7460, K745, K7469), myeloproliferative neoplasms
(D471, D473), and inflammatory abdominal condi-
tions such as acute appendicitis, diverticulitis, and
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pancreatitis (K35200 to K35219, K3530 to K3533,
K3580, K35890, K35891, K8500 to K8512, K8520,
K5720 to K5733), intra-abdominal malignancies
(C180to C20, C220, C250to C259), intra-abdominal
surgeries (0D, OF), history of thrombosis (286718),
thrombophilia (D685, D686), end-stage renal dis-
ease (N186), obesity (E66), smoking (F1721), and
hyperlipidemia (E7800, E7801, E782 to E785). The
primary outcome investigated was the association
between hereditary hemochromatosis and portal
vein thrombosis, expressed as an odds ratio.

Statistical analysis

Statistical analysis was performed with STATA ver-
sion SE18.0. We executed a multivariate regression
analysis, adjusting for factors like age, gender, pri-
mary payer, Charlson Comorbidity Index, cirrho-
sis, myeloproliferative neoplasm, and inflammatory
abdominal conditions (such as acute appendicitis,
diverticulitis, and pancreatitis), as well as intra-ab-
dominal malignancy, intra-abdominal surgery, pre-
vious thrombosis, thrombophilia, end-stage renal
disease, obesity, smoking, and hyperlipidemia, to
compute the adjusted odds ratio (OR).

Results

Baseline characteristics

During the 5-year period from 2016 to 2020, there
were 25805 hospitalizations with a primary diagno-
sis of portal vein thrombosis. The mean age was 54.6
years (95% confidence interval 54.1 to 55.1). Out of
them, 45.4% were female (95% confidence interval
44.1 to 46.8). The majority of patients were white
(69.6%) followed by Asian (12.2%), and black (12%).
Most patients were on private insurance (40.4%) and
Medicare (35.5%). The majority (92%) of patients
had a Charlson co-morbidity index of greater than
or equal to 3.

Multivariate analysis

Multivariate logistic regression analysis revealed
that hereditary hemochromatosis independent-
ly correlates with an increased risk of portal vein
thrombosis, with an odds ratio (OR) of 4.7 (95%
confidence interval (CI) ranging from 1.15 to 19.35,
p-value of 0.03). This finding was established after
adjusting for other risk factors such as cirrhosis, my-
eloproliferative neoplasm, inflammatory abdominal
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conditions, intra-abdominal malignancy, previous
thrombosis, past abdominal surgery, thrombophil-
ia, and end-stage renal disease, among others. The
findings are summarized in table 1 and figure 1.

Discussion

Our study revealed that hereditary hemochroma-
tosis is independently linked to an elevated risk of
portal vein thrombosis, even when accounting for
other recognized risk factors such as cirrhosis, my-
eloproliferative neoplasm, inflammatory abdominal
conditions, intra-abdominal malignancy, previous
thrombosis, past abdominal surgery and thrombo-
philia. This finding is noteworthy, as hereditary he-
mochromatosis has not been previously identified as
a cause of portal vein thrombosis.

In a Swedish autopsy study of 24 000 autopsies,
about 14% were found to have idiopathic portal vein
thrombosis, and the rest of them were found to be
caused by cirrhosis, primary or secondary hepatobi-
liary malignancy, major infectious or inflammatory
abdominal disease, or myeloproliferative disease®.
Notably, hereditary hemochromatosis, particularly
prevalent among non-Hispanic whites of northern
European descent, was not considered in this study.
A large-scale Mendelian Randomization study in
2019 found that iron overload significantly increases
risk of venous thromboembolism with OR of 1.37%
which was consistent with another case control
study which showed dose-dependent relationship
between hepcidin levels and risk of venous throm-
boembolism®.

Iron overload has been shown to enhance thrombus
formation post-vascular injury, elevate vascular re-
active oxygen species (ROS) production, and impair
endothelial-dependent vasorelaxation in mice®. In
the same study, administration of ROS scavenger
reversed the effect. Iron induced oxidative stress
decreases bioavailability of nitric oxide, leading to
endothelial dysfunction and platelet activation®?.
Given the susceptibility of fibrinogen to oxidation,
exposure of fibrinogen to ferric ion promotes fibrin
formation, promotes platelet aggregation and causes
less efficient plasminogen activation by tissue-type
plasminogen activator!®'V. All these factors would
explain the increased risk of thrombosis in setting
of iron overload. These findings are summarized in
figure 2.
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Table 1. Multivariate logistic regression findings

Odds ratio of portal | 95% confidence | P-value
vein thrombosis interval

Risk factors
Hereditary hemochromatosis 4.72 1.15-19.35 0.03
Cirrhosis 11.2 9.4-13.3 0.00
Myeloproliferative neoplasm 5.5 3.55-8.56 0.00
Inflammatory conditions of abdomen 2.5 1.8-3.4 0.00
History of abdominal malignancy 8.9 7.1-11.3 0.00
History of prior thrombosis 2.54 2-322 0.00
History of abdominal surgery 1.8 1.5-2.13 0.00
History of thrombophilia 8.8 6.9-112 0.00
End stage renal disease 0.14 0.05 - 0.35 0.00
Obesity 1.28 1.07 - 1.5 0.02
Smoking 1.1 09-13 0.29
Hyperlipidemia 0.72 0.6 - 0.86 0.00
Demographics
Female 0.78 0.68-0.9 0.00
Age 1 0.99-1 0.9
Charlson Co-morbidity Index
1 1.21 0.94-1.5 0.13
2 0.97 0.72-1.31 0.88
>3 1.38 1.08 - 1.7 0.01
Median household income
2m quartile 1.03 0.85-1.25 0.14
3rd quartile 1.17 0.96 - 1.42 0.00
4th quartile 1.09 0.89 - 1.34 0.00
Race
Black 0.96 0.78-1.2 0.77
Hispanic 1.08 09-1.34 0.44
Asian 0.9 0.58-1.4 0.6
Native American 0.69 0.28-1.67 0.3
Other 1.40 1-1.96 0.05

We were able to find only a single case report from
France where compound heterozygous C282Y/
H63D hereditary hemochromatosis was implicat-
ed in a 49-year-old male presenting with idiopathic
portal vein thrombosis and without cirrhosis"?.

Hereditary hemochromatosis may have associa-
tion with factor V Leiden mutation. An observa-
tion study of a sample of unscreened patient with
thrombosis by Xie et al. in 1998"% showed that fre-
quency of C282Y heterozygotes was significantly
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higher in factor V Leiden carriers than in factor V
Leiden-negative patients. It is possible that a minor
dysregulation of iron metabolism in the setting of
presence of heterozygous state for factor V Leiden
could have increased risk of thrombosis. However,
our study accounted for thrombophilias in the mul-
tivariate analysis.

Our study's limitations include its retrospective na-
ture, which introduces potential bias, and the prin-
ciple that correlation does not equate to causation.
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Figure 1. Findings of multivariate analysis

Figure 2. Potential pathophysiological mechanism of hypercoagulability in hereditary hemochromatosis

Additionally, as the national inpatient sample is an
administrative database, it is prone to coding inac-
curacies and data mischaracterization. Specific ICD-
10 codes for splenic and mesenteric vein thrombo-
sis were absent, excluding them from our analysis.
Future prospective studies are warranted to confirm
this association.
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