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ABSTRACT ARTICLE HISTORY
Background: Heart failure (HF) is a major debilitating disease. HF patients with iron Received 4 July 2020
deficiency(ID) have poorer outcomes and treatment significantly improves outcomes. We  Accepted 18 November 2020
set out to update the national prevalence of ID in the USA and its association with anemia KEYWORDS

using data from NHANES 2017-2018. Heart failure; iron deficiency;
Methods: Diagnosis of HF was self-reported. ID was defined as serum ferritin levels <100 ng/ anemia; prevalence;
mL or a ferritin level between 100 and 299 ng/mL with transferrin saturation <20%. Anemia NHANES; USA

was defined as a hemoglobin level of <13 g/dl and <12 g/dl for men and women, respec-

tively. Differences in prevalence of ID across various groups were assessed using Chi-squared

test for categorical variables and equality of means for continuous variables with p-values

<0.05 considered statistically significant.

Results: A total of 187 persons =20 years, corresponding to a 5.57million had HF. The

prevalence of ID was 48.17% (95% Cl 36.84-59.69) and the prevalence of anemia was

12.08%(95% Cl 8.16-17.53). Diabetics (61.03%) were more likely to have ID compared to

nondiabetics (35.38%), p 0.022. The prevalence of ID was similar in persons with anemia

(47.45%) and persons without anemia (48.27%), p-value 0.983. The prevalence of ID has been

constant for at least the past 20 years, making ID in HF an underdiagnose and/or under-

treated condition among patients with HF and should be addressed.

Conclusions: One in every two persons with HF has ID. Also, prevalence of ID was similar in

patients with anemia and without anemia. Anemia should not be considered a prerequisite

for screening for ID in patients with HF.

1. Background [7,8]. HF patients with ID experience decreased aero-
bic performance, increased exercise intolerance,
reduced functional status and increased hospitaliza-
tion and readmission rates as well as increased mor-
tality [7,9,10]. Iron deficiency is also an independent
predictor of mortality [11] with some studies report-
ing that ID has a greater predictive power than ane-
mia for mortality and adverse disease outcome
among patients with HF [7]. Traditionally, the pre-
sence of ID was only considered clinically relevant in
the presence of anemia. However, with iron defi-
ciency being the most common cause of anemia in
the population, anemia probably reflects an overt
extreme of severe iron deficiency with an impact on
hemoglobin and red cell production.

Though there continues to be updated on the
prevalence of ID in patients with HF, there have
been no national population estimates in the past
two decades. Taking advantage of recently available

Heart failure (HF) affects about 6.5million persons in
the USA, constituting a major public health problem
[1,2]. Patients with HF suffer reduced functional
capacity, poorer quality of life and decreased survival.
Despite advances in management, patients with HF
remain significantly debilitated. Research efforts have
sought to identify contributing amendable factors
and helpful interventions aimed at improving health
status, functional capacity, quality of life and mortal-
ity. Iron deficiency (ID), among other factors, is
associated with worse disease experience and out-
comes in patients with HF. Of note, correction of
iron deficiency is associated with improved outcomes
[3,4] that has prompted leading cardiology organiza-
tions to issue a class IIb recommendation screening
and correction of ID in patients with HF [5,6].

The prevalence of iron deficiency in patients with
chronic HF has been reported to be as high as 50%
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ferritin and transferrin data from national health and
nutritional survey (NHANES) 2017/2018 survey, we
set out to update the nationwide prevalence of ID
among patients with stable HF and its association
with anemia in the USA. Also, the updated preva-
lence of ID in HF would inform us on the impact of
care providers in optimizing HF management by
integrating correction of extant ID.

2. Methodology
2.1. Survey design

The NHANES, conducted by the National Center for
Health Statistics, collects nationally representative
data on the health and nutritional status of the non-
institutionalized =~ US  population. It utilizes
a multistage probability sampling design and collects
information from approximately 5,000 persons
per year. Detail information on the survey is available
from the survey documentation [12]. Included in our
analysis were persons 20 years and older with a self-
reported diagnosis of heart failure.

3. Data collection

Survey participants were interviewed in their homes to
ascertain demographic characteristics age, gender, level
of education, ethnicity, marital status, place of birth,
health insurance, and smoking status using a Computer-
Assisted Personal Interviewing system (i.e., interviewer-
administered). Persons who reported current use of
cigarettes were classified as smokers. Body mass index
(BMI) was calculated from measured weight and height
at subsequent follow-up visits in the mobile examination
enter by trained health technicians using standardized
protocols. The family poverty index was calculated by
dividing the total family income by the poverty thresh-
old, as defined by the US Census bureau, with adjust-
ment for family size at the time of the interview [13].
Family poverty index ratio of <1 is considered ‘below
poverty line’ and 21 is considered ‘at or above poverty
line’. Family PIR was grouped into three categories
(PIR<1.00, PIR 1.00-2.99 and PIR>3.00).

The diagnosis of CHF was self-reported.
Hemoglobin, ferritin and transferrin levels were mea-
sured using standardized protocols as detailed in
laboratory manual [14]. Iron deficiency was defined
as serum ferritin levels <100 ng/mL or a ferritin level
between 100 and 299 ng/mL with transferrin satura-
tion <20%. Anemia was defined using recommended
gender-specific cut offs of 13 g/dl and 12 g/dl [15] for
men and women, respectively. All study question-
naires, exact question wording and response are
available at no cost to the public [12].

4, Statistical analysis

Relevant questionnaire data files with variables of
interest were combined with demographic informa-
tion. Appropriate survey weights for dataset were
applied to ensure estimates are representative of
the entire non-institutionalized USA population in
keeping with stipulated analytical guidelines [16].
Prevalence is expressed in percentages and results
displayed according to ID status. Differences in pre-
valence of iron deficiency across different sociode-
mographic and comorbidities were assessed using
Chi-squared test for categorical variables and equal-
ity of means for continuous. Analysis was done
using STATA 15 and p values less than 0.05 con-
sidered statistically significant.

5. Results

A total of 187 persons 220 years had prevalent HF,
corresponding to a 5.57million persons in the USA.
The prevalence of ID was 48.17% (95% CI 36.84--
59.69) and the prevalence of anemia was 12.08% (95%
CI 8.16-17.53). HF was more prevalent in men (60%)
than women (40%). Most study participants were at
least obese with a mean BMI of 33.1 (32.0-34.1).
Most participants were married US born Non-
Hispanic Whites and 45% had at least some form of
college education. Ninety-eight percent of our study
participants had health insurance and about 18%
lived in poverty. The prevalence of smoking, diabetes,
chronic kidney disease (CKD) and anemia was
15.79%, 49.85%, 55.69% and 12.08%, respectively.
But for diabetes in which diabetics (61.03%) were
more likely to have iron deficiency compared with
nondiabetics (35.38%), p-value 0.022, there were no
observed differences in the prevalence of ID across all
other sociodemographic variables and comorbidities.
Most notably, there were no statistically significant
differences in the prevalence of ID between across
categories of CKD and anemia. Table 1 shows the
study characteristics of our participants as well as the
prevalence of ID across various categories.

BMI: Body mass Index; GED: Graduate education
diploma; USA.

6. Discussion

Using nationally representative data, the prevalence
of ID in patients with HF in the USA is 48.17%. But
for patients with comorbid diabetes who had higher
rates of ID, there were generally no differences in the
prevalence of ID across examined sociodemographic
characteristics and comorbidities. Interestingly, pre-
valence of ID did not differ between patients with and
without anemia.
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Table 1. General characteristics of study participants and detailed prevalence of iron deficiency.

Variable Categories Total (%) Iron deficiency (%) No-iron deficiency (%) p-value
Age (Years) Mean (95% Cl) 65.4(63.0-67.8) 66.6(63.2-70) 64.3(59.6-69) 0.463
BMI (Kg/mz) Mean (95% Cl) 33.1(32.0-34.1) 34.1(32.8-35.1) 32.1(30.5-33.6) 0.06
Gender Male 60.37 42.70 573 0.205
Female 39.63 56.50 43.50
Educational status Less than high school 19.09 51.59 48.41 0.597
High school or GED 36.93 48.58 51.42
Some college or Associate degree 34.79 40.95 59.05
College degree and above 9.20 66.75 33.25
Ethnicity Hispanic 7.84 34.22 65.78 0.310
Non-Hispanic black 14.90 34.87 65.13
Non-Hispanic white 69.82 54.15 45.85
Others 744 33.38 66.62
Marital status Never married 09.14 20.74 79.26 0.194
Married or living with partner 51.97 48.58 51.42
Divorced or separated 21.60 59.32 40.68
Widowed 17.29 47.53 52.47
Place of Birth USA 93.67 48.31 51.69 0.885
Non USA 06.33 46.06 53.94
Health Insurance Yes 98.03 19.35 80.65 0.304
No 1.97 48.75 51.52
Poverty index ratio Below 1 17.64 5236 47.64
1to3 40.22 50.42 49.58 0.841
3 and above 42.14 45.51 54.49
0.100
Smoking Yes 15.79 63.23 36.77
No 84.21 45.35 54.65
Diabetes Yes 49.85 61.03 38.97 0.022
No 50.15 35.38 62.52
Chronic Kidney disease Yes 55.69 50.99 49.01 0.611
No 4431 44.63 55.37
Anemia Yes 12.08 47.45 52.55 0.938
No 87.92 48.27 51.73
Hemoglobin 13.9(13.5-14.2) 13.6(13.2-14.0) 14.2(13.6-14.7) 0.107

Our prevalence is basically identical to that reported
in several different cohorts and other studies around the
globe [11,17,18]. Bearing in mind the consequences of
iron deficiency among patients with HF, there is a need
to get HF patients evaluated and managed in efforts to
optimize care, thereby reducing the frequency of hospital
admissions and readmissions with its associated cost to
the society as well as mortality and also to afford those
battling with HF the best possible quality of life [3,4,19--
4,19-22]. Though a disappointing observation, the stable
prevalence of iron deficiency is not entirely unexpected
as the concept of screening, diagnosing and treating iron
deficiency in patients with HF remains relatively novel
and yet to be fully embraced by providers despite the
documented benefits [8]. Failure addressing ID among
patients with HF certainly deprives them of rare oppor-
tunities to improve their disease experience and out-
comes which are already greatly compromised.
Correction of ID is safe, simple and may require not
more than an office visit for IV replacement
[3,10,23,24]. Hopefully, with the recent recommenda-
tions for screening and management of ID in HF from
leading cardiology societies [5,6], we would see a change
in attitude with consequent decrease in prevalence of ID.
Though ID may have a quick and safe fix, every diagnosis
of iron deficiency showed be followed by proper etiologic
investigation. Given the high prevalence of iron defi-
ciency with safe, quick and effective treatment, consider-
ing screening for ID at regular intervals among patients
with heart failure might not be irrational.

The lack of association between ID and anemia
serves as a wakeup call to physicians who often con-
sider anemia as a prerequisite for iron studies. This
further strengthens the need of universal screening
for ID in patients with HF. The high prevalence and
lack of predictive patterns across various sociodemo-
graphic and comorbidity categories make targeted
screening unlikely. Though ID an indisputable inde-
pendent predictor mortality in patient with HF
[17,25], the exact mechanism through which ID
adversely affect health or through which correction
improves health outcomes remains an area for
ongoing research. From a simplistic view, it would
appear anemia secondary to iron deficiency is the
most plausible mechanism. However, findings that
ID with or without comorbid anemia has been
shown as an independent prognostic marker have
greatly dented this hypothesis [7,17,26,27].

7. Strengths and limitations

Though the most up-to-date nationwide study report-
ing prevalence of iron deficiency among patients with
stable HF, our study is limited to noninstitutionalized
persons >20 years and a significant proportion of HF in
facilities have been excluded. Also, information on
phenotype and severity of heart failure was absent to
allow for detailed stratification. However, our findings
are representative of the entire noninstitutionalized
persons with HF in the USA.
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8. Conclusions

One in every two persons with HF has iron defi-
ciency, comparable to its prevalence some 20 years
ago. Of note, the prevalence of ID did not differ
among patients with anemia and those without ane-
mia. Our findings suggest that more efforts need to
be tailored towards screening and treating for iron
deficiency in all patients with HF. Anemia should be
considered a prerequisite for screening for iron defi-
ciency. Finally, recommending regular interval
screening for iron deficiency among patients with
ID would not be irrational.
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