
Endogenous hemochromatosis has been consid
ered to be an hereditary defect leading to increased
absorption of iron from the diet with subsequent
gradual accumulation of iron in liver and other or
gans. The various symptoms and signs of the disease
apparently result from tissue damage due to exces
sive iron deposition (1,2). An alternative hypothesis
proposed by MacDonald (3) is that the disease is
a form of cirrhosis complicated by excessive oral iron
intake. Evidence for abnormally high iron absorption
in patients with this disease would militate against
the latter hypothesis.

Smith et al (4) have reported the most extensive
iron absorption studies to date on hemochromatotic
patients in which they studied 49 patients using a
whole-body counter. They found that iron absorp
tion, which was in the normal range before phiebot
omy therapy, increased to levels seen in iron-deficient
patients during therapy and remained at this level for
up to 5 years after cessation of phlebotomies. The
results are reported as averages of groups of patients

at various times in the course of therapy; no patients
were reported for whom there were absorption stud
ies before, during, and after phlebotomy therapy.

In this communication we describe serial iron ab
sorption studies in eight patients with endogenous
hemochromatosis and in two siblings with iron over
load. The studies were performed before, during, and
after phlebotomy therapy. We relate the results to
the state of erythropoiesis and iron stores at the time
of each study.

MATERIALSANDMETHODS

Eight hemochromatotic patients and two siblings
were studied. The diagnosis in the propositi was
suggested by combinations of the clinical features
of diabetes, skin darkening, loss of axillary hair, loss
of potency, hepatomegaly, abnormally elevated
serum-iron concentration ( > 170 @g/100ml) , and
hepatic biopsy showing the characteristic markedly
increased deposition of iron. In all cases the diag
nosis was confirmed by the patients' tolerance to
phlebotomy in excess of 25 liters before iron de
pletion. In most cases skin biopsy revealed iron

deposition around hair and sweat follicles. Five of
the eight cases had neither histories of alcoholism
nor previous hepatitis. The two female siblings were
essentially asymptomatic with no diabetes, skin dark
ening, or loss of axillary hair. They were initially
studied because elevated serum iron values were
found. Ferrokinetic studies performed on each prop
ositus and on one of the siblings according to the
method of Pollycove and Mortimer (5) demon
strated abnormally rapid early deposition of iron
in the liver. Net plasma-iron clearance was increased,
and the incorporation of radioiron into red cells was
decreased below normal levels, typical of hemo
chromatosis (5).

The iron absorption tests were performed as de
scribed by Saito et al (6) . An oral dose of 1â€”4@Ci
of 59Fe with 4 mg of elemental iron as ferrous sul
fate was administered to the fasting subject, and food
was withheld for an additional 2 hr; 2 weeks later
the patient was counted in a whole-body counter.
The radioiron in the body at this time is a measure
of total-body iron absorption when related to an
intravenous dose also measured at 2 weeks; this
technique, previously described in detail (6), mini
mizes errors due to body geometry and redistribution
of the isotope. The whole-body counting method also
eliminates an error inherent in the double-isotope
method which measures only that iron absorbed from
the intestinal tract which reaches the systemic plasma.
When the plasma iron concentration is elevated, as
in hemochromatosis, some of the absorbed iron is
deposited in the liver as a first-pass phenomenon
and does not reach the systemic plasma (7) , thus
causing an underestimation of the absorbed dose.

Hemoglobin concentration and hematocrit were de
termined in the routine manner. Reticulocyte counts
were performed using slide incubation with new
methylene blue; a total of 1,000 rbc were observed
for reticulum content. Serum iron concentration (SI,
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FIG. 1. Absorptionof4-mgoraldoseofferrousironasfunc
tion of circulating reticulocytes: A contains data for 26 normal
subjects. Center line is regression calculated from distribution of
points, and outer lines are 95% confidence limits of regression
line. Lines beyond 2% reticulocytes are extrapolated. B contains
data on three normal subjects before and 5 days after 500-mI
blood donation. Connecting arrows show chronological sequence of
tests.

expressed as @g/100 ml or @zg%) was determined by
the modification by Peters and coworkers of the
Ramsey method (8) . (Range in the normal subjects
reported here, Â±2 s.d., was 60â€”150 @g%.) Total
iron-binding capacity (TIBC) was performed by
the method of Peters et al (9) . (Normal 200â€”400
/Lg%.)

The treatment schedule in the patients with hemo
chromatosis and in the siblings consisted of one to
two 500-ml phiebotomies/week as tolerated. Deple
tion of iron stores was considered to be complete
when the patient no longer tolerated phlebotomy
without a precipitous drop in circulating hemoglobin
concentration; when circulating red blood cells were
markedly microcytic and hypochromic, the SI was
less than 70 @g%for at least 1 month after the last
phlebotomy and the bone marrow aspirate showed
little or no stainable iron. Repeat liver biopsies were
generally not performed to evaluate directly hepatic
iron stores.

Normal subjects were studied as described pre
viously (6) . In three normal subjects the effect of
increased erythropoiesis was studied by performing
the absorption test before and 5 days after a 500-mi
phlebotomy. The effect of serum iron concentration
was studied by performing the absorption test in
iron-deficient patients while their SI was low, and
in two other iron-deficient patients when their SI was
elevated following intravenous administration of iron
dextran (Imferon) 1â€”2weeks before the study.

RESULTS

Relationship between oral iron absorption, reticu
locyte count, and SI in nonhemochromatotic sub
jects. The relationship between the percent absorption
of the oral iron dose as a function of the percent
circulating reticulocytes in normal subjects is shown
in Fig. 1A. This correlation has been reported pre
viously (6) but is shown here with 16 additional

0 1 2 3

Percent reticulocytes

FIG. 2. Ironabsorptionin patientswithirondeficiencyanemia,
and two anemic patients with transiently elevated SI due to prior
iv iron-dextran therapy. Numbers inside each point indicate serum
iron concentration at time test dose was given.

subjects. The correlation coefficient is 0.77; the 95%
confidence limits for prediction of further measure
ments are represented by the shaded area, and since
the limits are based upon observed data, they include
random errors of both absorption and reticulocyte
measurements. There are no data points for reticulo
cyte levels greater than 2.0% , and the normal range
beyond this is defined only by extrapolation of the
regression line and its confidence limits as indicated
in Fig. 1A. The correlation of absorbed dose with
reticuiocytecount is in keeping with the concept that
iron absorption is proportionate to the amount
needed for red cell production.

The correlation with reticulocyte count was fur
ther tested by giving the absorption test to three
subjects before and five days after a 500-mi phiebot
omy. As seen in Fig. 1B, the reticulocyte count in
creased following phlebotomy as expected, with a
proportionate increase in iron absorption, the latter
remaining in the normal range as defined above. The
SI remained within the normal range before and
after phlebotomy in these subjects.

In patients with iron deficiency anemia, in whom
the SI is below the normal values ( <60 @g%), iron
absorption is above the normal range as shown in
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TABLE1. CLINICALDATA AND RESULTSOF IRON ABSORPTIONTESTSIN 8 PATIENTSWITH
HEMOCHROMATOSISAND 2 SIBLINGSBEFORE,DURING, AND AFTERPHLEBOTOMYTHERAPY
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Fig. 2. In two such patients who had had intravenous
dextran-bound iron (Imferon) injections 1â€”2weeks
before the test, iron absorption was depressed to
well below the normal range; the SIs were abnor
mally elevated during this time interval, but the
patients were still anemic and undoubtedly contin
ued to have increased erythropoiesis. The results on
these normal, iron deficient, and acutely iron-loaded
patients may be summarized as follows:

1. In normal subjects the fraction of iron ab
sorbed from a standardized test dose varies directly
with the reticulocyte count.

2. In iron deficiency anemia absorption of iron
is abnormally increased with respect to the reticu

locyte count; it was decreased in two such patients
when they were given sufficient iron intravenously to
abnormally elevate the SI.

Iron absorption in patients with hemochromatosis.
The series of eight patients with endogenous hemo
chromatosis and the two siblings were given iron ab
sorption tests at three stages of their treatment: (1)
at the time of presentation when there had been
either no previous phlebotomy or at most only a
few; (2) in some cases during the course of phie
botomy therapy, while the SI was still elevated; (3)
after the completion of phlebotomy therapy, in some
cases when the patient was still iron deficient as
indicated by lowered hemoglobin concentration and
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SI, and in every caseat least 2 months after the last
previous phlebotomy at a time when the patient was
normochromic and normocytic and had a SI within
the normal range (60â€”i50 @g%) . Without further
phlebotomy certain patients experi@nced a rather
abrupt increase in SI above the normal range and
repeat absorption tests were performed at that time.

Table I summarizes the results on the eight hemo
chromatotic patients and the two siblings, with per
tinent clinical information.

In Fig. 3, each figure shows the results of the
series of absorption tests on a single propositus.
Figure 4 shows the results for the two siblings.

Patient AF (3A) had greatly suppressed absorp
tion before phlebotomy. Six months after completion
of a 58-liter course of phiebotomies which produced
a hypochromic microcytic anemia, depleted bone
marrow iron stores, and subnormal SI, two repeat
iron absorption studies showed that absorption was
greatly elevated even though the SI had spontane
ously risen again to abnormally high levels (226
@4g%and 257 /@Lg%, respectively). Only an addi
tional 5 liters of blood was removed before the pa
tient developed all the signs of iron depletion seen
after the first course of phlebotomy. Four months
after the second course of phlebotomy when his SI
was 72 @Lg%, a repeat iron absorption study was
abnormally high.

Patient EB (3B) when tested initially had high
absorption (40% ) despite an elevated SI of 176
/Lg% . In relationship to reticulocytosis this was not
considered elevated because it was within the ex
trapolated normal range. After removal of 55 liters
of blood, two further absorption tests at 42 and 240
days after the last phlebotomy showed absorption

well above the extrapolated normal range at a time
when the SI was within normal limits.

Patient JR (3C) was first studied after removal
of 21 liters of blood, 49 days after the last phiebot
omy, and the absorption was found to be within the
normal range despite an SI of 250 @g%. After de
pletion of his iron stores, at a time when he was
quite iron deficient (SI 3 ,@g%) his absorption was
elevated as would be expected from iron deficiency
alone. Two years later after occasional maintenance
phlebotomies his SI was within normal limits (149
/Lg%) but absorption was still above the extrapolated
normal range. In the succeeding 2 months his SI rose
spontaneously to 193 @@g%at which time absorption

was suppressed almost to within the extrapolated
normal range.

Patient TG (3D) was first studied after phie
botomies had been initiated; at that time his SI was
still elevated, and his absorption was within the nor
mal range. After depletion of stores and while still
iron deficient (SI 41 and 39 @g%), two absorption
tests 77 and 240 days after the last phlebotomy
showed the elevated absorption characteristic of iron
deficiency. However, a year later, the SI had risen
spontaneously to a normal level (106 @@g%) and
absorption was still elevated. Without further phie
botomy, the SI rose to above-normal levels (173
/Lg% ) and absorption at this time was suppressed
to within the normal range.

Patient MT (3E) had had no phlebotomies when
first studied (SI 219 ,@g%) and absorption was within
the normal range. The next tests were performed
63 and 123 days after completion of a 3 1-liter course
of phlebotomy (SI 66 @g%and 68 ,@g%) and ab
sorption was above normal in both tests. The SI then
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C
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FIG. 3. Aâ€”Hshowironabsorptionof
eight hemochromatotic patients before,
during, and after phlebotomy therapy. SI
at time of each test is shown beside data
point. Arrows indicate chronological se
quence of tests.
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FIG. 4. A and B showiron absorp
tion of two female siblings of Patient iT
studied in same manner as is Fig. 3.
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rose to 216 ,@g%and absorption fell to almost within
the normal range. Subsequently, without further
phlebotomy, the SI fell to within the normal range,
( I50 @g%) and absorptionwas again found to be
elevated.

When first studied before any phlebotomies Pa
tient JT (3F) had absorption just within the normal
range. One hundred and sixty-five days after the
removal of 50 liters of blood had depleted iron stores
and the patient was iron deficient, a repeat study
showed that the SI had already risen to 206 @@g%and
absorption was within the normal range. After fur
ther phiebotomies this sequence was essentially re
peated, with the SI rising above normal (162 ,@g%)
and the absorption still within normal range. After
removal of an additional 5.5 liters of blood, an
absorption test 62 days later showed an above-normal
absorption with the SI 62 @g%. This patient died of
a hepatoma 1Â½years later.

Patient RG (3G) was the only patient studied
who showed an elevated absorption as related to
reticulocyte count when first studied (SI 204 @@g%);
a later test, near the end of his phlebotomy regime
but with his SI still elevated (234 ,@g%) gave a
similar result. Following depletion of iron stores
after removal of 5 1 liters of blood, his SI was found
to be 100 /Lg% 130 days after completion of phle
botomy and his absorption remained abnormally
elevated.

Patient PG (3H) was first studied before any
phlebotomy therapy and her absorption was within
the normal range with SI 28 1 ,@g%. After a phle
botomy regimen in which 26.8 liters of blood were
removed, an absorption test 104 days after the last
phlebotomy was above the normal range with SI
273 ,@g%. Removal of an additional 3 liters of blood
depleted the patient's iron stores, and 240 days later
with SI 29 @g%iron absorption was elevated as
in iron deficiency. After maintenance phlebotomies
totaling 2 liters the SI was in the normal range (132

/Lg%) 90 days after the last phlebotomy and ab
sorption was still elevated.

Patient CD (4A) was a sister of Patient JT and
presented with SI 202 ,@g%, increased marrow iron,
and a normal BSP. When first studied absorption was
below normal; ferrokinetics studies (5) revealed in
creased deposition and retention of iron in the liver.
After 6.6 liters of blood had been removed, the SI
was 33 @&g%, and absorption was above normal as
in iron deficiency anemia. Some 5 months later with
out further phlebotomies the SI had risen to 129
/Lg% and absorption was still above the normal
range. Subsequently, an additional 5.9 liters of blood
have been removed to maintain the SI at normal
levels.

Patient LM (4B) was also a sister of Patient JT
who was first studied because elevated SI values
were found. She had mild hepatomegaly, increased
iron in bone marrow, and BSP mildly elevated at
8.8% . When first studied before phlebotomy with
a SI of 242 @@g%, her absorption was within the nor
ma! range. During the course of phlebotomy, after
removal of 20.9 liters of blood, absorption was
elevated with SI 222 @g%. Sixty days after removal
of an additional 2.4 liters of blood, absorption was
above normal in the presence of a normal SI of 99
@Lg%. A O9mTcsulfur colloid scan at this time showed

a normal-appearing liver with an enlarged Riedel's
lobe.

The results on these eight patients and two siblings
may be summarized as follows:

1. When the SI was elevated and the absorption
test was given before phlebotomy (or after prior
phlebotomies in two cases) , iron absorption was
within the normal range with regard to reticulocyte
count in six out of eight cases; in the other two cases,
one was above and the other below this range. Of
the siblings, one was in the normal range, the other
below.

2. When iron stores had been depleted and the SI
was below normal, but in the absence of significant
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anemia, iron absorption in those patients tested was
always above the normal range as occurs in non
hemochromatotic patients with iron deficiency.

3. When depleted patients were tested 2 months
or more after their last phlebotomy, at a time when
they were normochromic, normocytic, and had SI's
within normal limits, the iron absorption with regard
to reticulocyte count was above the normal range in
eight out of eight patients and both of the siblings.

DISCUSSION

Parameters which affect intestinal absorption of
iron have been studied by many workers, and much
of this has recently been summarized (10) . Some
years ago it was shown that an increased level of
erythropoiesis generally increased absorption of iron
and that iron loading tended to decrease it (1 1 ), yet
accurately measurable correlations between absorp
tion and either erythropoiesis or iron loading could
not be obtained (12) . A recent study, however, has
shown a correlation between iron absorption and
reticulocytes in rats using a whole-body counting
technique (13) . In the present study and as re
ported earlier (6) , it was found that in normal sub
jects the fraction of iron absorbed varies directly
with circulating reticulocytes, supporting the concept
that it is directly related to erythropoietic rate. Failure
of other workers to observe this relationship in human
subjects may have been due to use of absorption
measurements less accurate than a whole-body
counter and doses of carrier iron, in many cases,
which were far above or below normal dietary levels.
A wide variation in absorption among normal sub
jects and in a single subject at different times has
been found by many workers (10). With the method
used here, similar variations occur but always within
the confidence limits of the regression line shown
in Fig. I A. The confidence limits of this regression
thus define a narrower range of normal absorption
than was previously possible. Although intraluminal
factors and presence or absence of some foods un
doubtedly affect iron absorption, and this correlation
may not thus represent absorption of food iron as
it normally occurs, nevertheless the use of a physio

logic carrier dose of iron and the technique described
here provides a consistent and useful way of assessing
relative iron absorption.

When the SI falls below normal as in patients with
iron deficiency anemia, absorption is above the nor
mal range as defined above. In two iron-deficient
patients when the SI had been abnormally elevated
by intravenous iron-dextran, oral iron absorption was
suppressed below the normal range. Solve!! (14)
also found an inverse relationship between absorp

tion and SI, but he utilized acutely elevated SI.
Wheby and Jones (15) , however, showed that in rats
when iron is absorbed in the presence of saturated
transferrin, it is deposited in the liver on its first pass
through the portal system; this phenomenon was ulti
mately demonstrated in humans (7). Wheby and
Jones did not find that acutely elevated SI reduced
absorption; they attributed SÃ¶lvell'sresults to the
first-pass phenomenon. In the two patients reported
here the saturation of transferrin was chronic rather
than acute, which more closely simulates the situation
in hemochromatosis, yet is complicated by the pres
ence of the non-natural dextran-bound iron. The sup
pressed absorption in these two patients could be
interpreted as support for the modified mucosal
block theory of Crosby (16) in that the chronically
high levels of SI would have time to saturate the
developing mucosal cells and suppress absorption by
the mechanism he has proposed. On the other hand,
it is hard to see how such a mechanism could account
for control of absorption according to the erythro
poietic level. The 3 days required for elaboration of
the intestinal mucosal cells before they can influence
iron absorption according to Crosby is also approxi
mately the same period required for erythropoietic
marrow to respond to an increased need for red
cells (11 ) . Thus the work reported here provides no
clear evidence on which to distinguish between a
mucosal mechanism, intraluminal factors, or an
erythropoietic control mechanism. Conceivably, the
mucosal mechanism, or secretion of intraluminal fac
tors, may act upon information received from the
erythropoietic marrow, although no mechanism for
such an information transfer has been found.

Because iron absorption was suppressed in the two
patients given iron-dextran, one might expect a simi
tar suppression in untreated hemochromatotic pa
tients because of their elevated SI. The fact that
absorption is usually in the normal range in the latter
patients indicates that it is nevertheless relatively
increased. Furthermore, after depletion of iron stores
and at a time when SI and other blood indices were
normal, iron absorption was markedly above the
normal range. Thus, in these hemochromatotic pa
tients and two siblings it appears that at all times oral
iron absorption is in excess of need.

Many workers have reported increased iron ab
sorption in patients with cirrhosis of the liver (17â€”20),
and hemosiderosis has been reported in association
with cirrhosis. In the eight patients reported here,
cirrhosis and impaired liver function were present
in some degree, although minimally if at all in the
siblings. The question then arises whether cirrhosis
may have preceded and been the cause of increased
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absorption and hemochromatosis in these patients,
or whether, as is generally believed to be the case,
increased absorption of iron was the basic factor
resulting in hemochromatosis.

It is difficult to assess the many reports of increased
absorption in cirrhosis because to date all have had
one or more of the following features: (A) the car
rier dose was unphysiologic, either less than 100 @g
or 50 mg or more; (B) some or most of the patients
with cirrhosis were anemic; (C) the â€œnormalâ€•sub
jects used were in fact not normal but suffered from
a variety of other diseases, the effect of which on iron
absorption is unknown; (D) the technique used was
either inherently inaccurate (fecal collection) or un
able to measure accurately absorption in the pres
ence of iron overload (double isotope) . We have
recently reported iron absorption in I 5 cirrhotic pa
tients using the technique and criteria described here;
only one out of the I 5 had increased absorption,
while seven actually had diminished absorption
(21 ). In spite of the difficulty in comparing these
studies, it appears that in some but not all patients
with cirrhosis, there may be increased absorption of
iron.

In the patients with hemochromatosis reported
here, whatever degree of cirrhosis they may have
had before therapy, after depletion of iron stores the
cirrhosis was either unchanged or possibly improved;
in the siblings there was at most only minimal liver
damage. Yet in all cases, with minimal or unchanged
cirrhosis, iron absorption was markedly increased
after depletion. For four of these patients (EB, JR,
TG, and MT) results of iron kinetics studies have
recently been published (22 ) . When the patients
were iron deficient following phlebotomy therapy,
increased iron deposition occurred transiently in the
liver; this did not occur in four iron-deficient patients
or in three iron-deficient cirrhotic patients. The
authors interpreted the results as suggesting that the
liver in patients with hemochromatosis has an ab
normal and characteristic affinity for iron. Thus we
feel that the data presented here are in accord with
the generally accepted view of the etiology of hemo
chromatosis (23,24) that abnormally increased iron
absorption, probably congenital, precedes and is con
tributory to cirrhosis of the liver and the character
istic damage to other organs.

It is of some interest to note that although these
patients had apparently lost the control of iron ab
sorption that is related to erythropoietic rate, they
did retain a less satisfactory degree of control in
that a chronically elevated SI usually produced a
relative suppression of absorption. Some patients
were found to have elevated SI within a year follow
ing cessation of phlebotomy; it is possible that even

when they were judged to be depleted, they had
very slowly equilibrating stores of iron or that hemo
chromatotics can have elevated SI when iron stores
are not excessive.

The measurement of oral iron absorption in hemo
chromatotics may be of value in assessing rate of
repletion of iron stores which is not possible by
other methods such as SI or liver biopsy. It may also
be useful in defining the physiologic basis and mode
of transmission of the disease and in detecting it in
family members early enough to begin prophylactic
phlebotomy and thus prevent irreversible damage.

The results reported here, and those of Smith et al
(4) , should satisfy one of MacDonald's objections
(3) to the concept of hemochromatosis as a con
genital disease; namely, that there has been insuffi
cient evidence reported to date of increased iron
absorption in hemochromatotic patients. The in
creased iron absorption found in our treated patients
at a time when their blood indices and SI were nor
ma! supports but does not prove the view that idio
pathic hemochromatosis has, as a basic predisposing
factor, a congenital defect that permits excessive
absorption of iron from a diet containing normal
amounts of this element.

SUMMARY

Idiopathic hemochromatosis has been considered
to be an heritable disease in which excessive iron is
absorbed from the diet, eventually leading to organ
damage from the toxic accumulation of this element.
An alternative hypothesis of the etiology of the
disease maintains that it is a form of cirrhosis com
plicated by excessive dietary iron. In the work de
scribed here using a whole-body counter a correla
tion has been shown in normal subjects between oral
iron absorption and circulating reticulocytes; patients
with serum iron levels above and below normal have
iron absorption respectively, below and above the
confidence limits of the regression line of the cor
relation. Eight patients with idiopathic hemochroma
tosis and two siblings were given iron absorption tests
before, during, and after phlebotomy therapy. In all
cases the study after therapy was at a time when the
serum iron levels were within the normal range and
all blood indices were normal, and in every case at
this time the iron absorption was above the normal
range. These results are considered to support the
concept that in patients with hemochromatosis there
is a failure of control of iron absorption from the
diet leading to excessive accumulation of this element
in the body.
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