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ABSTRACT
Background: Heart Failure (HF) is a progressive epidemic associated with considerable
morbidity and mortality. Self-reported data from the National Health and Nutrition
Examination Survey (NHANES) provides a unique representation of individuals suffering
from HF. The purpose of this study is to analyze updated NHANES 2013-2014 data to identify
any changes in the prevalence and current risk factors of HF, especially given the novel
lifestyles and increased medical awareness of current generations.
Methods: NHANES uses a multistage probability sampling design under the Centers for
Disease Control and Prevention (CDC). The Student's t-test and Chi-square test/ Fisher's
exact test was used for analysis of variables. A multiple logistic regression model was used
to identify statistically significant risk factors for HF. Analyses were performed with the use of
SAS software, version 9.4.
Results: Based on our analysis, the primary risk factor was coronary artery disease followed by
hypertension, diabetes mellitus, age ≥ 65 years, and obesity.
Conclusion: The findings revealed that despite improved population awareness and
advancements in diagnostics and therapeutics, the same risk factors continue to persist.
This provided an insight into the path towards which our resources need to be directed, so
as to effectively tackle the aforementioned risk factors.
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1. Introduction

Heart failure (HF) is a progressive epidemic asso-
ciated with considerable mortality and morbidity as
well as immense healthcare costs. HF was estab-
lished as an epidemic in the latter half of the 20th
century, with a progressive increase in prevalence
and hospitalizations related to HF noted especially
in the elderly [1,2]. HF hospitalizations and read-
missions continue to rise due to many factors
including increased prevalence of the disease, lack
of guideline directed therapy, and lack of patient
adherence. Heart failure is difficult to define as a
separate entity, as its features comprise of a con-
stellation of signs and symptoms. Due to the nature
of the disease process, multiple diagnostic criteria
have arisen, the most notable being those based on
the Framingham Heart Study [3]. Other note-
worthy criteria include those based on the
Cardiovascular Health Study (CHS) or the
European Society of Cardiology [4].

Regardless of criterion used, HF has shown a pro-
gressive rise in prevalence over the past few decades,
attributable to both increased efficacy of treatment
methods and increased age of the population. The
prevalence of HF is estimated to be greater than 5.8

million in the United States and approximately more
than 23 million around the world. Lifetime risk of
developing HF is high (approximately one in five
people) [5–7]. Self-reported studies, most notably
the National Health and Nutrition Examination
Survey (NHANES), provide a unique representation
of individuals suffering from HF, allowing compar-
ison of risk factors amongst the population. Given
advancements in the prevention and management of
HF in recent decades, it is not implausible to expect a
shift in the types of risk factors implicated in its
pathogenesis. Due to this reason, frequent analyses
of self-reported surveys should provide an updated
outlook of risk factors, especially due to novel life-
styles and the increased medical awareness of current
generations. The purpose of this study is to review
the updated NHANES data in order to identify any
changes in the prevalence and current risk factors of
HF based on self-reported data, or the lack thereof.

2. Methods

2.1. Survey design

The NHANES survey is conducted by the Centers
for Disease Control and Prevention (CDC) along
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with the National Center for Health Statistics
(NCHS). It is a review of population nutrition
and general health. Survey findings provide infor-
mation regarding prevalence of multiple diseases as
well as associated risk factors and exposures. The
survey comprises of multiple steps including house-
hold interviews and physical examinations. The
sample population represents the general, non-
institutionalized United States population using a
sophisticated cluster survey design. Several groups
of individuals such as Hispanics, African
Americans, and individuals aged 60 years and
older are over-represented to ensure proper sample
size and reflection of the representative population.
The year in focus for the purpose of this analysis
was from 2013 to 2014. A total of 5761 individuals
were included in the survey during this time
period.

2.2. Definition of variables

Interviewers of the NHANES survey are adequately
trained prior to the conduction of interviews.
Presence of HF was defined based on the subject’s
response to two main questions: ‘Have you ever been
told by a physician that you had heart failure?’ and
‘What was your age when you were told you have
heart failure?’ Major risk factors were determined by
questions regarding the presence of coronary artery
disease (CAD), diabetes mellitus, and obesity.
Additional variables included age, sex, ethnicity,
BMI, and smoking status.

3. Statistical analysis

NHANES uses a complex multi-stage probability
sampling design [8]. We reported continuous vari-
ables as mean and standard deviation. The cate-
gorical variables were reported as number and
percent. We used the Student’s t-test to analyze

between-group differences for continuous vari-
ables, and Chi-square test or Fisher’s exact test
for categorical variables. A multiple logistic
regression model was used to identify significant
predictors for CHF. All analyses were performed
with the use of SAS software, version 9.4 (SAS
Institute, Cary NC). A p-value of less than
0.05 was considered to indicate statistical
significance.

4. Results

Among the 5761 individuals chosen as representa-
tive of the US general population in the NHANES
Survey, 182 reported the presence of heart failure.
Comparison of the individuals with HF and those
without allowed determination of certain statisti-
cally significant exposures and risk factors
(Table 1).

Multiple regression models determined the top
risk factors that had a statistically significant asso-
ciation with HF (Table 2 and Figures 1, 2). The
primary risk factor was coronary artery disease (OR
8.87, 95% CI 6.14–12.81, p-value <0.0001) followed
by hypertension (OR 3.38, 95% CI 2.22–5.14,
p-value <0.0001). Subsequent risk factors in order
of odds ratios include diabetes mellitus, age ≥65,
and obesity (BMI >30). Coronary artery disease and
hypertension continue to be the top two risk fac-
tors, which correlate with the results of previous
studies.

5. Discussion

Heart failure (HF) is now recognized as a progressing
public health issue [9]. According to a study done by
J.B. O’Connell in 1994, hospital charges for heart
failure were approximately $10 000 per discharge,
based on a mean length of stay of 6.3 to 7.7 days. A
study of 29 000 patients with heart failure reported an

Table 1. Demographics and risk factors based on NHANES data 2013–2014.
CHF Non-CHF p-Value

Total number of estimated population 182 5579
Age at screening – mean 66.29 48.52 <0.0001
Female – no.% 95 (52.19%) 2913 (52.21%) 0.9966
Black – no.% 44 (24.18%) 1129 (20.24%) 0.1940
Less than high school education – no.% 51 (28.02%) 1189 (21.31%) 0.0302
Current cigarette smoking (everyday/some days) – no. % 31 (17.03%) 1161 (20.81%) 0.2158
Abnormal alcohol consumption – no.%
Female: two or more drinks everyday 17 (17.89%) 896 (30.76%) 0.0073
Male: three or more drinks everyday 8 (9.20%) 816 (30.61%) <0.0001
NOT participate in moderate physical activity – no.% 142 (78.02%) 3753 (67.27%) 0.0023
Hypertension – no. % 149 (81.87%) 1989 (35.65%) <0.0001
High cholesterol level – no.% 120 (65.93%) 1884 (33.77%) <0.0001
BMI (Body mass index), means ±SD 32.75 (9.83) 28.99 (7.03) <0.0001
Overweight (BMI 15–29.9) – no.% 39 (21.43%) 1727 (30.96%) 0.0061
Obese (BMI ≥30) – no.% 89 (48.90%) 1991 (35.69%) 0.0003
Self-reported diabetes, % 73 (40.11%) 645 (11.56%) <0.0001
Coronary artery disease, % 70 (38.46%) 161 (2.89%) <0.0001
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average cost of almost $11 000 per patient per hospi-
talization in 1997 [10]. In spite of decreased incidence
of HF, the prevalence of HF has increased substan-
tially in the US over the past two decades [11–13].
Epidemiologic population-based data from the
Framingham Study indicate that the incidence of
HF increased precipitously with age in both genders,
approximately doubling with each subsequent decade

[14]. According to another study done using National
Hospital Discharge Survey data from 1979 to 2004,
the number of hospitalizations with the diagnosis of
heart failure tripled from 1 274 000 in 1979 to
3 860 000 in 2004 [15]. These studies imply that the
prevalence and costs of HF may continue to increase
significantly in the future decades.

Our calculations estimated the prevalence of HF
in the US as 1.9% (5 960 260 CHF patients in
311 204 216 total estimated populations)
(Table 3). Prevalence of HF among men is 1.8%,
which is slightly lower when compared to preva-
lence among women (2.0%). According to the CDC
and the 2016 statistical update from American
Heart Association, about 5.7 million adults in the
US have heart failure, which correlates to approxi-
mately 1.77% of the United States population. A
similar study done using NHANES I (1971 to 1975)
data estimated the prevalence of HF in the US
population as 1.1% [1]. This implies that the pre-
valence of the disease is increasing at a significant
rate. This increase may be attributed to increased
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Figure 2. Graphical representation of results of current study with correlating Confidence Intervals (CI) and Odds Ratios(OR).

Table 2. Multiple logistic regressions on risk factors for HF
patients.

95% Confidence
interval

Predictors
Odds
ratio

Lower
limits

Upper
limits

p-
Value

Coronary artery disease 8.87 6.14 12.81 <.0001
Hypertension 3.38 2.22 5.14 <.0001
Diabetes 2.06 1.45 2.91 <.0001
Age 65 and older 2.01 1.42 2.85 <.0001
Obesity (BMI 30 and above) 1.45 1.04 2.01 0.0292
High cholesterol 1.42 1.00 2.02 0.0492
NOT participate in moderate
physical activity

0.73 0.50 1.07 0.1032

Abnormal alcohol consumption 0.71 0.45 1.13 0.1479
No high school education 1.17 0.81 1.68 0.4036
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Figure 1. Bar diagram outlining results.
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awareness among the population and advancements
in diagnosis and treatment standards.

The results of our study demonstrated that cor-
onary artery disease (CAD) is the strongest and
most important risk factor for the development of
HF. Based on our study, the prevalence of CAD
amongst the population with CHF is 38.46% (70
out of 182 with HF), with an odds ratio (OR) of
8.87 (95%CI: 6.14–12.81; P-value: <0.0001). In con-
trast, the prevalence of CAD among the non-HF
population is a low 2.89%, highlighting the strong
association between CAD and the development of
HF. A prospective cohort study, based on the
NHANES I survey conducted from 1971 to 1975,
concluded that more than 60% of the HF cases in
the study population were attributed to CAD [16].
In a major multicenter heart failure clinical trial
involving 20 190 participants, CAD was the fore-
most cause of HF in 68% of patients, ultimately
concluding that coronary artery disease had
become the single most important cause of HF in
Western countries [17].

Hypertension has also been viewed as a major
factor in the progression of HF. The calculated pre-
valence of hypertension among our HF population
was 81.87% (149 out of 182 with HF) with an odds
ratio (OR) of 3.38 (95%CI: 2.22–5.14; P-value:
<0.0001). This finding is in agreement with the
cohort study in 1970 which assessed 5143 subjects
from the original Framingham Heart Study and con-
cluded that hypertension was the most common risk
factor for HF. During approximately 20.1 years of
follow-up, analysis of the study revealed that hyper-
tension had a high attributable risk for HF, respon-
sible for 59% of cases in women and 39% of cases in
men [18]. Another prospective cohort study based on
the NHANES I survey determined the relative risk
(RR) of hypertension with respect to HF as 1.50 (95%
CI: 1.34–1.68; P < .001) [16]. Ultimately, the results of
our study based on the NHANES 2013–14 data are
similar to the aforementioned studies, providing an
insight into long-term risk for HF in hypertensive
patients. This fact brings forward the predicament
in treating hypertension adequately. The recent
recommendations put forth by the Joint National
Committee serve as current guidelines, however
newer studies such as the SPRINT trial may trigger
modifications in treatment standards.

Our analysis also supports that Diabetes Mellitus
(DM) is an important risk factor in the development
of HF. Based on our data, the self reported prevalence
of diabetes among the HF population is 40.11% (73
out of 182) with an odds ratio (OR) of 2.06 (95%CI:
1.45–2.91; P-value: <0.0001). Prior research had also
established diabetes as a notable risk factor for HF
[19–26]. A 1997 study done using the electronic
medical records of 9591 patients with type 2 DM
derived that HF was prevalent in 11.8% of diabetic
subjects compared to 4.5% of control subjects [27].
Several theories have been put forward to explain the
pathophysiology behind the development of HF in
the diabetic population, including metabolic distur-
bances, impaired dilatation of epicardial coronary
arteries, impaired calcium homeostasis, apoptosis of
myocardial cells, autonomic neuropathy, and insulin
resistance [28]. Regardless of mechanism, diabetes
has an undeniable association with cardiovascular
mortality.

Obesity and age above 65 years are important risk
factors HF. Data from our study suggested that –
individuals 65 years and older had an odds ratio of
2.01(95%CI: 1.42–2.85; P-value: <0.0001) and obese
individuals (BMI 30 and above) had an odds ratio of
1.45(95%CI: 1.04–2.01; P-value: <0.0292). These
results are of particular interest because of the alarm-
ing rate of obesity trends in the U.S [29]. A study
done in 2002 concluded that obesity alone is the risk
factor in 11% of men and 14% of women with
HF [30].

The major strength of our study is that it analyzes
an established data set from the NHANES database,
encompassing a large sample size, standardized ques-
tionnaires, and consistent data-reporting methods,
thereby increasing the power of our study.
Additionally, use of data from NHANES allows ana-
lysis of multiple risk factors amongst a common
population, and therefore facilitates generalization
reflective of the entire US population. Given that
the data set is population-based, gender and racial
differences are adequately studied as well.

The major limitation of this study is that it
utilizes prevalence data from self-reported history,
which increases the possibility of inaccurately esti-
mating the prevalence of diseases, especially due to
participant misconceptions regarding their level of
health and the timing of risk-factor onset. Thus, as

Table 3. Extrapolation of NHANES demographic data to US population.
Demographics Number of HF patients estimated Total estimated population Prevalence rate per 100 000 people

Total 5 960 260 311 204 216 1915
Gender
Male 2 775 492 152 055 444 1825
Female 3 184 768 159 148 772 2001
Race
African Americans 882 940 37 634 068 2346
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with most studies using questionnaires, recall bias
is also a limitation in extrapolating data from this
survey. Other limitations include absence of data
regarding medication use or control of risk factors
in individuals, such as insulin use, quantification of
glucose control, optimization of BP control, etc.
Moreover, the diagnosis of HF is not validated in
this study, increasing the risk of observer bias.

In conclusion, our study re-established coronary
artery disease and hypertension as the two foremost
risk factors in the development of HF. Diabetes, age
65 years and older, and obesity are the other risk
factors that play an important role as well. The results
of our study are similar to the results of previous
studies, revealing that despite improved population
awareness and newer advancements in diagnostics
and therapeutics, the same risk factors continue to
persist. Extensive analysis of the NHANES 2013-14
data provided an insight into the path towards which
our resources need to be directed, with a goal to more
effectively tackle the aforementioned risk factors.
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