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Purpose: To survey physicians about knowledge of hemochromatosis. Methods: A questionnaire was faxed to

American physicians. Results: A total of 2,563 evaluable responses were obtained. There were � 70% correct

responses about at-risk population, associated abnormalities, and population screening. There were 32% and 53%

correct answers about diagnosis and treatment, respectively. A total of 8.0% and 4.9% reported asking �75% of

patients about family history of hemochromatosis and iron overload, respectively. Less than 25% requested HFE

mutation analysis in the previous year. Correct answers were associated with academic practice, internal medicine

specialty, and medical school graduation within 10 years. Conclusion: Many physicians have inadequate knowl-

edge about hemochromatosis diagnosis and treatment. Genet Med 2002:4(3):136–141.

Key Words: hemochromatosis, iron overload, survey, genetic education, genetic disorders

Hemochromatosis, an autosomal recessive disorder, affects
approximately 0.002 to 0.005 of Caucasians of Western Euro-
pean descent and their descendants.1–4 In many persons with
hemochromatosis, increased absorption of iron from food and
drink results in iron overload. If untreated, iron overload can
cause hepatic cirrhosis, primary liver cancer, arthropathy, dia-
betes mellitus, hypogonadism, cardiomyopathy, and reduced
longevity.5–8 With early diagnosis and treatment, these com-
plications can be prevented.7,9 Nonetheless, many physicians
report that they have not diagnosed or treated persons with
hemochromatosis,8 and patients with hemochromatosis com-
monly report delayed diagnosis and treatment of their iron
overload and associated disorders.10

The rapid increase in understanding of the molecular basis
of heritable disorders and availability of genetic testing has
created complex issues and opportunities regarding the appro-
priate application of genetic testing, interpretation of test re-
sults, and implications for preventive or corrective manage-
ment interventions.11 Thus it is important that health care
providers become familiar with the general benefits and limi-
tations of genetic testing in medical practice and make in-
formed decisions about diagnosis and treatment of heritable
disorders.12,13 However, several studies have revealed that
many physicians are not well informed about heritable disor-
ders, believe that information about genetics and disease is

irrelevant to their practices, or lack confidence in using genetic
information to manage their patients.12–18

There have been few attempts to increase physician knowl-
edge about the role of genetics in the diagnosis and treatment
of hemochromatosis and associated iron overload. In one
study, primary care, internal medicine, and medicine subspe-
cialty physicians diagnosed greater numbers of hemochroma-
tosis probands after they participated in an education program
about hemochromatosis.8 However, there is a paucity of re-
ported information about physician knowledge of hemochro-
matosis and iron overload. Herein, we summarize the re-
sponses of 2,563 physicians in the United States to a
questionnaire survey about hemochromatosis. The potential
applicability of the present results in formulating education
programs to increase the diagnosis and treatment of hemo-
chromatosis and iron overload is also discussed.

MATERIALS AND METHODS
Survey development

A questionnaire survey of physicians was developed; a copy
of the survey is available from the authors upon request. Be-
cause this is the first survey of its kind, there was no available a
priori information to guide our strategy to evaluate physician
knowledge of hemochromatosis. Accordingly, we chose to
identify fundamental clinical knowledge questions from a
Practice Parameter for Hereditary Hemochromatosis of the
College of American Pathologists7 and The Hemochromatosis
Management Working Group of the Centers of Disease Con-
trol and Prevention.9 The purposes of the survey included as-
sessment of (1) physician and practice demographic character-
istics (gender, education, type of medical practice, practice
location, and racial/ethnic composition of practice); (2) phy-
sician knowledge about hemochromatosis epidemiology
(Questions 1, 2), genetics (Questions 3, 4), pathogenesis
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(Questions 6, 7, and 8), diagnosis (Questions 5, 10), treatment
(Question 9), and screening (Question 11); (3) frequencies
with which physicians obtain family history of disease perti-
nent to hemochromatosis- and iron overload-associated dis-
orders (hemochromatosis, iron overload, diabetes mellitus,
and hepatic cirrhosis); (4) racial/ethnic group composition of
physicians’ practices; (5) frequency of diagnosis and treatment
of hemochromatosis and associated iron overload and of HFE
mutation analysis in physicians’ practices; and (6) methods by
which physicians report that they prefer to obtain new medical
and continuing education information. Five physicians repre-
senting family practice, general practice, internal medicine,
and hematology reviewed the survey for content, clarity, and
estimated time to complete the survey (15 min). The survey
and study was approved by the Institutional Review Board of
the University of Alabama at Birmingham. In the introduction
section of the survey, this statement was included, “Your com-
pletion of the survey implies your consent to participate in this
research project.”

Survey participants

We transmitted questionnaires to family practice, general
practice, obstetrics/gynecology, general internal medicine, and
internal medicine subspecialty (gastroenterology, hematology,
and medical oncology) physicians, because they diagnose most
cases of hemochromatosis in routine medical care delivery.7,8

From computerized lists of the American Medical Association
(AMA), 142,318 physicians in these categories were identified.
A statistical power calculation revealed that a sample size of
2,500 responders with evaluable questionnaires would consti-
tute a representative sample. A random sample, not further
stratified by specialty, was faxed from the total sample using
the AMA physician lists. We began transmitting our survey in
January of 2000 and continued until more than 2,500 evaluable
responses were received. Each responder received 1 hour of
AMA Category I continuing medical education credit.

Statistical analysis

A preliminary power calculation was conducted using a
two-sided alpha � 0.05 with power � 80%. Thus we deter-
mined that 2,500 responses would be needed to generalize the
overall population of these specialists within the United States.
A random stratified sample pool was created and surveys were
faxed from this pool until we received the required number of
�2,500 responses. Descriptive statistics were expressed as enu-
merations, percentages, means (� 1 SD), and ranges. The
Cochran-Mantel-Haenszel chi-square test was used to evaluate
associations between various factors and correctly answering
all questions in a clinical knowledge area.19 Fisher’s exact test
was used when expected cell frequencies were less than five.20

Multivariate logistic regression analyses were performed using
a backward elimination procedure to identify significant pre-
dictors for answering all questions correctly within clinical
knowledge areas. Variables included in all models before the
backward elimination procedure included gender, specialty,
years since graduation from medical school, type of practice,

location of practice, and Internet access. Because so few per-
sons answered all 11 hemochromatosis and iron overload
knowledge questions correctly (N � 29), answering questions
correctly was categorized according to the median number of
knowledge questions answered correctly (median � 7). There-
fore, physicians were categorized as those who answered seven
or more questions correctly and those who answered fewer
than seven questions correctly. The odds ratio (OR) and 95%
confidence interval (CI) were computed to use as measures of
association. Model fit was assessed using the Hosmer-Leme-
show goodness of fit statistic.21

RESULTS
Demographic characteristics of responders and their practices

We transmitted 8,000 questionnaires and received evaluable
responses from 2,563 physicians (overall response rate 32.0%).
Demographic characteristics of responders are displayed in
Table 1. More than 81% were men, 38.9% were family or gen-
eral practitioners, 83.1% practiced in solo or group settings,
64.5% practiced in urban or suburban locations, and approx-
imately three quarters had graduated from medical school �10
years before completing the survey. A total of 47.9% of re-
sponders reported that more than 75% of their patients were
Caucasians, and that 1.4% and 0.9% reported that more than
75% of their patients were Hispanics and African Americans,
respectively. Only 0.6% reported that more than 75% of their
patients were Asians.

Knowledge about hemochromatosis and associated iron overload

A total of 77.7% of responders correctly identified Western
Europeans as the population group in which hemochromato-
sis primarily occurs, and that 45.2% indicated correctly that
the approximate frequency of hemochromatosis in popula-
tions of Western Europeans and their descendants is 1 in 200.
Most (78.7%) responders correctly indicated that males and
females at all stages of life can have hemochromatosis, and
71.8% identified the gene responsible for “classical” hemo-
chromatosis and its pattern of inheritance. Characteristics of
persons with hemochromatosis with relatively severe iron
overload were correctly identified by 87.4% of responders.
However, only 12.6% correctly indicated that none of the in-
dicators of severe iron overload were necessarily diagnostic of
hemochromatosis. Only 31.5% indicated that hemochromato-
sis can be detected before iron overload occurs by demonstra-
tion of elevated saturation of transferrin with iron, whereas
85.1% identified typical complications of iron overload in
hemochromatosis. However, 63.9% identified the conse-
quence of inheriting two HFE mutations. Multisystem conse-
quences of iron-induced injury were recognized by 85.1% of
responders. Therapeutic phlebotomy was recognized as the
preferred treatment for iron overload due to hemochromatosis
by 53.3% of responders. The rationale and potential advan-
tages of population screening for hemochromatosis were se-
lected by 83.9% of responders. Overall, 7.9% of responders
answered 90% to 100% of the questions correctly, 12.8% an-
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swered 80% to 89% of the questions correctly, and 16.5% an-
swered 70% to 79% of the questions correctly. Percentages of
physicians who answered questions correctly are stratified by
specialty and type of practice in Table 2.

Obtaining family history of disease

Only 8.0% of responders reported that they asked more than
75% of their patients about their family history of hemochro-
matosis, and 4.9% asked more than 75% of their patients about
a possible family history of iron overload. In contrast, 79.9%
reported that they asked more than 75% of their patients about
their family history of diabetes mellitus, and 21.8% asked more

than 75% of their patients about their family history of hepatic
cirrhosis.

Frequency of hemochromatosis diagnosis and treatment and HFE
mutation analysis in physicians’ practices

In the year preceding their response to the present survey,
56.9% of responders reported that there had been no new cases
of hemochromatosis diagnosed in their practices. A total of
38.5% of responders reported that there had been one, two, or
three new cases diagnosed in their practices, and 4.6% reported
that there had been four or more cases diagnosed in their prac-
tices. In addition, 75.6% of responders reported that they had
not referred patients in their practices for HFE mutation anal-
ysis in the preceding year; however, 16.8% reported that they
had referred one, two, or three patients forHFEmutation anal-
ysis in the preceding year, and 7.6% had referred four or more
patients. Over one quarter (26.3%) of responders indicated
that hemochromatosis was “extremely rare” or “nonexistent”
in their practices.

Location of practice was the only physician characteristic
significantly associated with patient referral for HFE mutation
testing. Physicians who reported having an urban or suburban
practice were more likely than physicians who reported having
a rural practice to refer their patients for testing (OR � 1.61;
95% CI, 1.26–2.06). Physician specialty was the only physician
characteristic significantly associated with diagnosing one or
more new cases of hemochromatosis per year. Physicians who
reported their specialty as family practice were 50% less likely

Table 1
Demographic and practice characteristics of 2,563 physician responders

Characteristic %

Gender

Men 81.3

Women 18.7

Specialty

Family practice 34.2

General practice 4.7

General internal medicine and subspecialties 32.1

Othera 16.4

Unstated 12.6

Type of practice

Solo 44.1

Group 39.0

Academic 4.6

HMO 0.5

Othera 2.6

Unstated 9.2

Practice location

Urban 28.1

Suburban 36.3

Rural 26.7

Unstated 8.9

Years since graduation from medical school

�10 18.0

11–20 32.3

�20 41.7

Unstated 8.0

aThe present survey was faxed to physicians known to the AMA as family
practice, general practice, obstetrics/gynecology, general internal medicine,
and internal medicine subspecialty (gastroenterology, hematology, and med-
ical oncology). However, 31 other physician specialty categories were identi-
fied by certain respective responders, including obstetrics/gynecology. Because
there were insufficient numbers of responders in any of these 31 categories for
separate analysis, these data were combined under the present “Other” cate-
gory.

Table 2
Percentages of physicians who answered survey questions correctly

Characteristic 90–100% 80–89% 70–79% �70%

Specialty

Family practice 3.9 8.1 15.6 72.4

General practice 3.3 3.3 15.7 77.7

Internal medicine 11.7 16.7 20.2 52.5

Othera 12.4 17.9 13.3 56.9

Unknown 7.5 13.7 14.0 64.9

Type of practice

Solo 4.7 9.4 15.3 70.1

Group 10.2 15.7 17.6 56.5

Academic 22.2 23.9 16.2 37.6

HMO 7.1 35.7 0 57.1

Othera 10.6 10.6 19.7 59.1

Unknown 5.5 11.0 17.8 65.7

aThe present survey was faxed to physicians known to the AMA as family
practice, general practice, obstetrics/gynecology, general internal medicine,
and internal medicine subspecialty (gastroenterology, hematology, and med-
ical oncology). However, 31 other physician specialty categories were identi-
fied by certain respective responders, including obstetrics/gynecology. Because
there were insufficient numbers of responders in any of these 31 categories for
separate analysis, these data were combined under the present “Other” cate-
gory.
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to diagnose one or more new cases than those physicians who
reported their practice as internal medicine (OR � 0.5; 95%
CI, 0.38–0.65). Physicians who reported their specialty as gen-
eral practice were 76% less likely to diagnose one or more new
cases of hemochromatosis than those physicians who reported
their specialty as internal medicine (OR � 0.24; 95% CI, 0.10–
0.57). Whereas 71.8% of responders correctly answered a ques-
tion about the association of inheriting common HFE muta-
tions, only 24.4% of responders reported that they had referred
patients for HFE testing in the preceding year.

Physician characteristics that were significant predictors of
answering questions correctly

Specialty, years since graduation from medical school, type
of practice, and Internet access were significant predictors for
answering seven or more general knowledge questions about
hemochromatosis correctly (Table 3). We also identified pre-
dictors of correct responses to questions about specific topics.
Physicians in an academic setting were more likely to answer
both epidemiology questions correctly than physicians who
were in a solo or group setting (OR � 2.47; 95% CI, 1.64–
3.72). Family practice and general practice physicians were
28% less likely than physicians who classified their specialty as
“other” to answer the two epidemiology questions correctly
(OR � 0.72; 95% CI, 0.56–0.93).

Physicians in an academic setting were more likely to answer
all genetics questions correctly than physicians in a solo or

group setting (OR � 2.5; 95% CI, 1.52–4.00). Family practice
and general practice physicians were less likely than physicians
who classified their specialty as internal medicine to answer
both genetics questions correctly (OR � 0.8; 95% CI 0.65–
0.95; OR � 0.5; 95% CI, 0.34–0.79). Responders who had
graduated from medical school �20 years before the survey
were less likely to answer both genetics questions correctly than
those whose graduation was 0 to 10 years before the survey was
conducted (OR � 0.7; 95% CI, 0.54–0.89).

Family practice and general practice physicians were less
likely than physicians who classified their specialty as internal
medicine to answer all pathogenesis questions correctly (OR �
0.5; 95% CI, 0.35–0.52; OR � 0.6; 95% CI, 0.42–1.00, respec-
tively). Physicians who listed their practice type as solo or
group were less likely than those practicing in an academic
setting to answer all pathogenesis questions correctly (OR �
0.4; 95% CI, 0.29–0.63; OR � 0.8; 95% CI, 0.56–1.19,
respectively).

There were no significant predictors observed for physicians
answering the diagnosis questions correctly. Physicians in an
academic setting were more likely than physicians in a solo or
group setting to answer the treatment questions correctly (OR
� 2.12; 95% CI, 1.36–3.30). Family practice and general prac-
tice physicians were less likely than physicians who classified
their specialty as internal medicine to answer the treatment
question correctly (OR � 0.6; 95% CI, 0.49–0.73; OR � 0.4;
95% CI, 0.24–0.58, respectively). Physicians in a rural practice
were less likely to answer the treatment question correctly than
those in an urban or suburban practice (OR � 0.8; 95% CI,
0.64–0.97). Men were more likely than women to answer the
treatment question correctly (OR � 1.4; 95% CI, 1.10–1.79).
Responders who had graduated from medical school �20
years before the survey were less likely than those whose grad-
uation was 0 to 10 years before the present survey to answer the
treatment question correctly (OR � 0.7; 95% CI, 0.53–0.88).

Specialty and Internet access were significant predictors for
answering the screening question correctly. Family practice
and general practice physicians were less likely than physicians
who classified their specialty as internal medicine to answer the
screening question correctly (OR � 0.7; 95% CI, 0.52–0.88;
OR � 0.5; 95% CI, 0.27–0.74, respectively). Physicians with
Internet access were more likely than physicians without access
to answer the screening question correctly (OR � 1.4; 95% CI,
1.04–1.76). Of the 1,726 respondents who answered the ques-
tion about having Internet access, 83.7% reported that they
had Internet access. However, only 8.2% of responders re-
ported that they used on-line courses as a source of informa-
tion about genetic disorders.

Obtaining new and continuing medical education information

The three methods for obtaining updated information on
genetic disorders preferred by responders at the time of this
survey were journals (77.1% of responders), local continuing
medical education meetings (39.4% of responders), and na-
tional meetings (35.0% of responders). For future updates on
genetic disorders, 52.8% of responders reported that they

Table 3
Significant predictors of answering questions correctly among 2,563

physician responders

Physician characteristics Odds ratio
95% Confidence

interval

Specialty

Family practice 0.5 0.38–0.58

General practice 0.4 0.23–0.57

Internal medicine 1.0 —

Years since medical school graduation

� 20 0.93 0.72–1.21

11–20 0.70 0.54–0.90

� 10 1.0 —

Type of practice

Solo 0.5 0.27–0.61

Group 0.8 0.50–1.14

Academic 1.0 —

Internet access

Yes 1.3 1.05–1.62

No 1.0 —

Answering questions correctly was categorized as answering seven or more
questions about hemochromatosis epidemiology, genetics, pathogenesis, di-
agnosis and treatment, and screening correctly versus answering fewer than
seven of these questions correctly.
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would prefer journals, 36.9% would prefer local continuing
medical education meetings, and 33.2% would prefer continu-
ing medical education by FAX.

DISCUSSION

This survey reveals that 23% of physician responders were
unaware of the population at risk for developing hemochro-
matosis, the pathogenesis of iron overload-associated compli-
cations, and the potential benefits of screening appropriate
populations. Responders were even less knowledgeable about
the frequency of hemochromatosis in the Western European
populations, the phenotypic criterion for diagnosing hemo-
chromatosis before iron overload occurs, the diagnostic indi-
cators of hemochromatosis, and the preferred treatment of
iron overload, on the average. More than one quarter of re-
sponders indicated that hemochromatosis was “extremely
rare” or “nonexistent” in their practices. Although more than
71% of responders correctly identified the inheritance pattern
of hemochromatosis, �65% recognized the consequences of
inheriting two hemochromatosis-associated HFE mutations.
Taken together, these results indicate that education programs
for physicians should emphasize that hemochromatosis is
common, that elevated values of serum transferrin saturation
can be used to diagnose most cases before iron overload occurs,
and that phlebotomy to achieve and maintain normal body
stores of iron is the preferred treatment.

The sample we obtained was provided by volunteers, and we
are unaware of any reason to suspect that physicians of any
particular specialty would be more or less likely to respond
than those of another specialty. Substantial bias could occur
only if nonresponders answered questions differently than re-
sponders. There is the possibility that we obtained a biased
sample of physicians due to the availability of continuing med-
ical education credit. However, evaluating this possibility was
beyond the scope of the present study. We have no way of
determining why physicians did or did not respond, but this is
characteristic of any voluntary sample. However, the present
overall response rate of 32.0% is similar to that in other ques-
tionnaire surveys of more than 1,000 physicians about their
knowledge of genetics and adult-onset genetic disorders
(34.0% and 22.1%, respectively).15,22 Providing financial in-
centives to physicians significantly increases their response
rates to questionnaires on knowledge of genetics.23

Many physicians may not understand or request HFE mu-
tation analysis to diagnose hemochromatosis. In the present
study, 72% of responders correctly answered a question about
genetic features of hemochromatosis, including the impor-
tance of HFE mutations, but only 24% of physicians reported
that they had referred at least one patient for HFE mutation
analysis in the previous year. A survey of physicians in Arkan-
sas indicated that 21% of responders were aware of a test to
detect HFE mutations, but only 3% had ordered the test.17 The
difference in the results of the two studies could be explained
by either the opportunity for more physicians to become ac-
quainted with HFE testing during the 14 months between the

two surveys, or the greater knowledge of physicians nationwide
aboutHFE testing than those in Arkansas. However, the results
of both studies suggest that many physicians do not use genetic
testing to diagnose hemochromatosis in suspected probands
or evaluate their family members.

Many physicians may not identify family members at risk
for hemochromatosis because they do not include hemochro-
matosis and its complications in their family history inquiries.
Eighty percent of the present responders reported that they ask
more than three quarters of their patients about a family his-
tory of diabetes mellitus. In contrast, only 5% to 21% of re-
sponders ask more than three quarters their patients about the
occurrence of hemochromatosis, iron overload, or hepatic cir-
rhosis in their families. These data could be interpreted as an
indication that physicians believe, in general, that hemochro-
matosis is rare or that there is a greater contribution of genetic
factors to the etiology of diabetes mellitus than to the occur-
rence of hemochromatosis. This finding is striking because the
gene mutations responsible for most cases of hemochromato-
sis have been defined, are common, and a genetic test is avail-
able to detect them, whereas the inheritance pattern(s) of dia-
betes mellitus is (are) not well defined and the causative
mutation(s) are unknown. However, the failure to obtain a
detailed family history of hemochromatosis, iron overload,
and hepatic cirrhosis reported by many responders to the
present survey is consistent with observations from physician
surveys about cancer.18,22

In the present study, physicians who practiced in academic
settings and those who identified their specialty as internal
medicine were significantly more likely to answer questions
correctly about hemochromatosis epidemiology, genetics,
pathogenesis, diagnosis and treatment, and screening than
physicians in other specialties. In contrast, other investigators
have reported that a primary care specialty practice in which
exposure to genetic problems is likely to occur is a significant
predictor of knowledge about genetics and genetic tests.14

However, approximately two thirds of hemochromatosis pro-
bands in a suburban community hospital setting were diag-
nosed by primary care physicians who had participated in a
hemochromatosis education program.8 Other significant pre-
dictors of knowledge of genetics and genetic tests reported pre-
viously include recent graduation from medical school,14,22

physician confidence in explaining genetic tests results, and
tailoring recommendations for screening based on genetic test
results.22 Thus the present findings confirm and extend obser-
vations regarding the importance of recent medical education
in understanding and applying genetic principles to the diag-
nosis and treatment of heritable disorders.

A majority of physicians who responded to our survey se-
lected journals as a major source of updated information about
genetic disorders. Medical journals were also the most fre-
quently cited source of new medical practice information in a
survey conducted in 1993.14 However, one investigator re-
ported in 1998 that family practice and internal medicine jour-
nals had the lowest contents of human and/or medical genetics
information.24 Thus family practice and internal medicine
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journals may not be as useful presently as other journals or
educational formats in providing information that will help
their readerships remain knowledgeable about medical
genetics.

There are several strategies to educate physicians about
hemochromatosis which have been tested or planned in the
United States, or which may be applicable to such strategies. A
hemochromatosis and iron-overload educational program for
health care providers (slide and lecture presentations, personal
discussions, and educational materials) and the general public
(interviews, appearances and presentations for newspapers,
public radio television, community information programs,
and patient support groups) was effective in increasing diag-
nosis of hemochromatosis probands in a suburban commu-
nity hospital.8 Similarly, academic detailing was effective in
delivering information to physicians and changing their be-
havior.25,26 Although effective, the success of both of these ap-
proaches depends critically on individuals who are devoted to
the education strategy. A current, broader approach to educa-
tion by the Centers for Disease Control and Prevention is the
development of brochures appropriate for physicians and the
general public, respectively, that will permit wide dissemina-
tion of information about hemochromatosis and iron overload
(personal communication J.C. Barton). In the present study,
we did not collect data which allowed us to formulate effective
means to change physician knowledge and practice patterns.
Recommendations of this nature, based on physician educa-
tion and consideration of the role of consumers, are reported
for other genetic disorders,25–28 and it seems likely that they are
also applicable to hemochromatosis education.8 Altogether,
using a variety of strategies to educate physicians should in-
crease early diagnoses of hemochromatosis, improve manage-
ment, and reduce morbidity and mortality from this common
inherited disorder.6,7,9
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