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Effect of phlebotomy on lipid metabolism in subjects
with hereditary hemochromatosis
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Abstract

Genetic predisposition to hereditary hemochromatosis (HH) is associated with primary hypertriglyceridemia (HTG). If iron overload
influences the development of HTG, the management of these patients could be different. However, the metabolic syndrome in primary
HTG is frequent; and it could partially confuse the association. The objective was to determine whether periodic bloodletting could
decrease triglyceride concentrations in subjects with HH and iron overload. We retrospectively studied 155 genetically defined HH
patients (C282Y homozygotes and compound heterozygotes C282Y/H63D) with iron overload and under periodic therapeutic phlebotomy.
Hypertriglyceridemia (triglycerides ≥150 mg/dL) was present in 49 subjects at baseline (31.6%). Phlebotomies significantly decreased
triglycerides, especially in subjects with basal HTG (from 287 mg/dL at baseline to 133 mg/dL after phlebotomies, P b .001). Blood
glucose and total cholesterol did not change with phlebotomies. The triglyceride-lowering effect was obtained until ferritin concentration
decreased to less than 200 μg/L and transferrin saturation to less than 40%. The triglyceride-lowering effect was obtained for glucose
levels both less than and greater than 100 mg/dL. In summary, HH subjects frequently have HTG that improves after therapeutic
phlebotomy, independently of basal blood glucose. Our results suggest that therapeutic phlebotomy could be a useful therapeutic approach
in patients with HTG and iron overload.
© 2011 Elsevier Inc. All rights reserved.
1. Introduction

Hereditary hemochromatosis (HH) is a common disorder
of iron storage in which inappropriate increase of intestinal
absorption results in an excessive deposition of iron in the
parenchymal cells and as a consequence tissue damage and
functional impairment of organs [1]. Hereditary hemochro-
matosis is caused in most cases by inherited recessive
mutations in HFE gene, located in the HLA-A locus on
chromosome 6p. Homozygotes for the C282Y mutation or
compound heterozygotes for mutations C282Y and H63D
[1,2] in HFE represent more than 95% of HH cases of
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Northern European descent [3]. Hereditary hemochromatosis
is one of the most common genetic diseases in the white
population [3,4].

Type 2 diabetes mellitus is commonly observed in
patients with HH [5]. Mechanisms that have been described
to explain the presence of diabetes in HH include a decrease
in insulin production by pancreatic β-cells associated with
pancreatic iron overload, and a peripheral insulin resistance
[6]. Moreover, there is a strong association between
deposition of iron, measured by plasma ferritin concentra-
tions, and the risk of type 2 diabetes mellitus and metabolic
syndrome [7-9], with both situations characterized by
peripheral insulin resistance [10-13]. The mechanism of
this association is probably due to the induction of
inflammation and oxidative stress by iron excess that favors
insulin resistance [14].
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A recent study has shown that mutations in the HFE gene
causing HH are associated with primary hypertriglyceride-
mia (HTG) [15], suggesting that primary iron overload could
play a role in the pathogenesis of this hyperlipidemia.
However, the presence of metabolic syndrome in subjects
with primary HTG is frequent; and therefore, this could
partially explain the association.

If iron overload plays a pathogenic role in the
development of HTG [16], it is an important issue because
HTG is common in general population and the clinical
management of these patients could be different in the
presence of iron overload. Therapeutic phlebotomy improves
metabolic syndrome [10,17], but its effect on lipid
metabolism and its potential beneficial effect in patients
with HTG and iron overload are unknown. Therefore, the
aim of this study was to determine whether periodic
bloodletting could decrease triglyceride concentrations in
subjects with HH and iron overload.
2. Subjects and methods

2.1. Study population

This is an observational and retrospective study including
all patients with genetic diagnosis of HH, iron overload, and
under therapeutic phlebotomy attending 2 university hospi-
tals in Zaragoza, Spain, from the year 2000. Inclusion criteria
were as follows: (a) iron overload, defined as serum ferritin
levels greater than 300 μg/L in men and postmenopausal
women or greater than 200 μg/L in premenopausal women,
and/or transferrin saturation greater than 45% in premeno-
pausal women or greater than 55% in men or postmeno-
pausal women; (b) presence of HFE genotype associated
with HH, including homozygotes for the C282Y mutation
and compound heterozygous C282Y/H63D; and (c) under
therapeutic phlebotomy. Exclusion criteria included the
following: (a) patients younger than 18 years; (b) less than
3 bloodletting sessions; (c) patients with lipid-lowering
treatment at baseline or during the follow-up; and (d) patients
without total cholesterol, triglycerides, or glucose values at
baseline and during the follow-up.

2.2. Clinical and laboratory determinations

All subjects were assessed for clinical history, medication
use, demographic characteristics, cardiovascular risk factors,
and alcohol intake. Fasting blood total cholesterol, triglycer-
ides, glucose, γ-glutamyl transpeptidase, alanine amino-
transferase, and aspartate aminotransferase profiles were
determined by using timed end point enzymatic methods on
the Synchron LX20 System (Beckmann Coulter, Fullerton,
CA). Hypertriglyceridemia was defined as fasting triglycer-
ides of at least 150 mg/dL according to the metabolic
syndrome criteria [18]. Serum iron and unsaturated iron
binding capacity was measured by spectrophotometry,
serum ferritin was measured by turbidimetric immunoassay
(Beckmann Coulter), and transferrin saturation was calcu-
lated. Baseline values were obtained at diagnosis of HH.
Clinical and biochemical data from follow-up were obtained
at baseline and after each phlebotomy, with a maximum of
10 visits. In patients with less than 10 phlebotomies, all of
them were recorded. In subjects with at least 10 phleboto-
mies, biochemical data were obtained at 6-month intervals.
The results of the last available biochemical data were
reported in all cases as final visit.
2.3. HFE genotyping

HFE C282Y and H63D mutations were determined by
using TaqMan real-time polymerase chain reaction assays
(Applied Biosystems, Foster City, CA) following the
manufacturer's instructions. Control DNA with wild and
mutant alleles for each mutation was included in each assay.
DNA was isolated from EDTA blood samples following
standard protocols. Hereditary hemochromatosis genetic
predisposition was defined as the presence of 2 copies of
the C282Y mutation (C282Y homozygosity) or the presence
of a single copy each of the C282Y and H63D mutations
(compound heterozygotes) [3].
2.4. Statistical analyses

Data were expressed as mean ± standard deviation or
median and interquartile range (IR) (25-75 percentile) for
continuous variables with or without normal distribution.
The results were expressed as percentages for sex and type of
mutation in the HFE gene. To evaluate the effect of
bloodletting on continuous variables, a Wilcoxon signed
rank test was used because of the non-Gaussian distribution.
To determinate whether therapeutic strategy had any effect
on triglycerides levels, we performed repeated analysis of
variance measures. Levels of statistical significance were set
at P b .05. Data analyses were performed with SPSS
statistical software (V 15.0; SPSS, Chicago, IL).
3. Results

3.1. Clinical characteristics at baseline

The HH was composed of 155 subjects, of which 92
(59.4%) were homozygous for the C282Y mutation and 63
(40.6%) were compound heterozygotes C282Y/H63D. The
mean age was 50.2 ± 14.4 years, and there were 104 men
(67.1%) and 51 women (32.9%). Four subjects, all of them
men, reported alcohol consumption of more than 30 g of
ethanol per day. History of diabetes mellitus was present in
11 subjects (7.1%), all with hemoglobin A1c less than 8%;
and 9 subjects were taking antihypertensive drugs. The
prevalence of serum triglycerides of at least 150 mg/dL was
31.6% of the sample (n = 49), without differences between
HFE genotypes.



Table 1
Baseline and final values of biochemical variables in the study subjects

Baseline Final P

Serum ferritin, μg/Lb 587 (294-912) 61.0 (24.0-136) b.001
Transferrin saturation index, %a 71.0 ± 22.6 42.0 ± 21.9 b.001
Glucose, mg/dLa 105 ± 11.0 106 ± 38.0 .101
Total cholesterol, mg/dLa 198 ± 39.9 193 ± 39.0 .096
Triglycerides, mg/dLb 107 (74.0-159) 94.0 (70.5-140) b.001
GOT (U/L)a 31.5 ± 22.3 25.5 ± 20.7 b.001
ALT (U/L)a 40.9 ± 30.8 25.8 ± 17.2 b.001
GGT (U/L)b 23.0 (16.0-35.0) 23.0 (16.0-31.0) .234

P refers to t test comparison for means and Mann-Whitney test for medians.
GOT indicates aspartate aminotransferase; ALT, alanine aminotransferase;
GGT, γ-glutamyl transpeptidase.

a Data are means ± SD.
b Median (interquartile range).
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3.2. Effect of bloodletting

Table 1 shows the main biochemical characteristics at
baseline and at the final visit. As expected, serum ferritin and
transferrin saturation decreased during the treatment from
587 to 61 μg/L and from 71% to 42%, respectively. There
was also a significant decrease in the concentration of the
liver enzymes at the end of the follow-up. There were no
changes in blood glucose and total or low-density lipoprotein
cholesterol; however, triglycerides significantly decreased
after therapeutic phlebotomies. Moreover, the triglyceride-
lowering effect of phlebotomies was especially important
among subjects with high triglycerides at baseline (Fig. 1). In
this subgroup, triglycerides decreased from 287 to 133 mg/
dL, z = −4.116 (P b .001).
3.3. Triglycerides concentration and iron deposits

There was a close relationship between iron deposits and
triglyceride concentration during the follow-up. The maxi-
mum triglyceride-lowering effect of bloodletting was
obtained when ferritin concentration decreased to less than
200 μg/L and transferrin saturation to less than 40%, to be
stable from that point onward (Fig. 2).
Fig. 1. Mean triglycerides concentration after therapeutic phlebotomy in
subjects with HH and triglycerides concentration of at least 150 mg/dL at
baseline.
3.4. Baseline blood glucose and triglyceride lowering

The triglyceride-lowering effect was analyzed in subjects
with glucose levels both less than and greater than 100 mg/
ig. 2. Mean values of triglycerides (A), ferritin (B), and transferrin
F

saturation (C) after therapeutic phlebotomy in subjects with HH.

image of Fig. 2
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dL. When subjects were divided according to baseline blood
glucose, triglycerides decreased by 21.7% from 129 mg/dL
(IR, 66-143 mg/dL) to 101 mg/dL (IR, 65-121 mg/dL) in
subjects with glucose less than 100 mg/dL and by 31.9%
from 169 mg/dL (IR, 88-197 mg/dL) to 115 mg/dL (IR, 82-
183 mg/dL) in subjects with glucose of at least 100 mg/dL,
without statistical difference between groups in the triglyc-
eride-lowering response. Triglycerides were statistically
different at baseline between normoglycemic and hyper-
triglyceridemic patients, and these differences disappeared at
the end of the follow-up.

Among subjects without diabetes, there were 17 (17.9%) of
95 subjects with baseline glucose less than 100 mg/dL and
baseline triglycerides of at least 150 mg/dL, and 19 (31.7%) of
60 subjects with baseline glucose of at least 100 mg/dL and
baseline triglycerides of at least 150 mg/dL. Triglycerides
decreased by 40.9% from 210 mg/dL (IR, 167-323 mg/dL) to
124 mg/dL (IR, 96-191 mg/dL) (P = .004) in the
normoglycemic group and by 14.9% from 234 mg/dL (IR,
185-311mg/dL) to 199 mg/dL (IR, 135-243 mg/dL) (P = .059)
in subjects with baseline glucose of at least 100 mg/dL.
4. Discussion

This is the first study to our knowledge exploring the lipid
effect of therapeutic phlebotomies in subjects with HH. The
main results of our study indicate that a therapeutic program
directed to decrease iron stores significantly modifies the
concentration of triglycerides without a significant modifi-
cation in total cholesterol or blood glucose. This effect is
especially evident in subjects with HTG before starting
therapeutic phlebotomies and independent of blood glucose.

Our work fully supports the previous observation of the
high prevalence of HTG in subjects with genetic predispo-
sition to HH. We previously described that the HFE locus is
involved in primary HTG [15], and the present study
demonstrates that HTG is frequently found in subjects with
HH. Almost one third of patients with HH had HTG before
the initiation of therapeutic phlebotomy, a frequency 2.5
times higher than that expected for our population [19].
Therefore, HTG can be considered a common clinical feature
of HH. No previous studies of triglycerides in HH have been
reported. However, Pankow et al [20] studied lipid
concentrations in the Atherosclerosis Risk in Communities
Study according to the HFE genotype. They found lower
levels of low-density lipoprotein cholesterol in subjects
homozygous for the C282Y allele and higher triglycerides
levels in compound C282Y/H63D heterozygous and H63D
homozygous subjects with respect to subjects homozygous
for the wild allele. In our sample, approximately 40% of the
subjects were compound C282Y/H63D heterozygotes; and
we have not considered subjects who were H63D homo-
zygotes. The H63D allele is less pathogenic with respect to
iron overload than the C282Y allele. It could be possible that
subjects with very high iron overload due to a more severe
HFE genotype could develop low levels of cholesterol
because of more advanced liver disease, a well-known cause
of decreased cholesterol synthesis [21].

The effect of phlebotomy on lipid metabolism has been
previously studied in subjects with nonalcoholic fatty liver
disease and hyperferritinemia [17]. The iron-depleted group
significantly improved insulin resistance with respect to the
control group. They also got a 30.6-mg/dL decrease in
triglycerides, although there was no statistical significance vs
the control group [17]. In agreement with our study, the
metabolic benefit observed by Valenti et al [17] was highly
related to ferritin and transferrin saturation. Excess in liver
triglyceride content has been described as a cause of iron
overload in nonalcoholic fatty liver disease through
mechanisms not fully understood [22]. However, the fact
that subjects with HH and without insulin resistance
associate HTG and that phlebotomy improves triglycerides
independently of basal blood glucose suggests that excess in
triglycerides could be also a consequence of iron overload
independently of insulin resistance.

The results of our study open the question of the
therapeutic value of phlebotomies in the treatment of HTG
in subjects with increased iron stores. Most cases of HTG are
associated with environmental factors also driving to iron
accumulation such as obesity, insulin resistance, and excess
alcohol consumption. Our results would suggest not only
that HTG is associated with HH but also that all types of
HTG with iron overload, independent of the presence of
insulin resistance, would benefit from iron depletion.
However, randomized clinical prospective studies in patients
with different types of HTG are necessary to establish the
indication of phlebotomy in HTG.

The main limitation of our study is that this is an
observational retrospective study without a control group;
therefore, bloodletting treatment could favor modifications
in lifestyle that could confound the association. However,
the large number of subjects included in the study, the
homogeneous genetic diagnosis of the patients, and the
consistence with previous results are strengths. Hypertri-
glyceridemia can be observed in the presence of liver
cirrhosis, and this could be a confounding factor in our
study. Nevertheless, none of our patients had clinical or
biochemical suspicion of severe liver disease at baseline or
during the follow-up.

In conclusion, subjects with genetic diagnosis of HH
and iron overload frequently have HTG. This lipid
abnormality improves after therapeutic phlebotomy parallel
to iron deposits to that ferritin concentration is less than
200 μg/L. Our results suggest that therapeutic phlebotomy
could be a useful therapeutic option for patients with HTG
and iron overload.
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