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LETTERS TO THE EDITORS
Regional and seasonal variations
in heart failure admissions and
mortality in the USA
Variations saisonnières et régionales des admissions et
de la mortalité pour insufﬁsance cardiaque aux ÉtatsUnis
Keywords Seasonal variations; Region in USA; Heart
failure; Readmission; Mortality
Mots clés
Variations saisonnières ; Régions des
États-Unis ; Insufﬁsance cardiaque ; Admissions ; Mortalité
Seasonal variations in the incidence of angina [1] and acute
myocardial infarction are well-known entities [2—6], with
higher incidences noted in winter months. Seasonal variation has also been observed for sudden cardiac death [7].
Seasonal variation in heart failure (HF) has been studied

Table 1

in Scotland [8], France [9], Canada [10], Nigeria [11],
Bangladesh [12] and Israel [13]. Increased numbers of HF
admissions and higher mortality were noted in cooler seasons. European authors from Italy [14] and Spain [15] have
reported similar ﬁndings. In contrast, a study involving
16,147 patients in China reported an increase in HF admissions in both summer and winter, compared with autumn and
spring [16].
Although studied in several countries worldwide, the
effects of regional and seasonal variations in HF admissions
and mortality across the USA have not been well described.
We sought to determine if regional and seasonal variability
in HF admissions and mortality exists in the USA, as well
as the possible factors inﬂuencing these variations. We used
the National Inpatient Sample from the National Institutes of
Health, which collects data from the entire USA. Primary HF
hospitalizations from 1 January 2005 to 31 December 2014
in the database were analysed to determine seasonal and
yearly trends in HF admissions and mortality, after excluding

Baseline characteristics and hospital mortality among heart failure admissions according to region.

Age (years)
Women
Race
White
African American
Obesitya
Hypertensionb
Diabetes mellitus
Dyslipidaemia
Chronic pulmonary disease
Peripheral vascular disease
Renal failure
Atrial ﬁbrillation or ﬂutter
Acute myocardial infarction
Shock (presented with or developed)
Mean Elixhauser point-scale indexc
Inhospital mortality

Northeast

Midwest

South

West

P

74.4 ± 13.8
50.3

73.4 ± 14.1
51.2

70.8 ± 14.6
50.2

71.8 ± 14.9
47.6

< 0.001
< 0.001

71.8
17.0
11.4
65.0
42.1
35.6
35.3
9.9
34.9
40.7
4.9
1.2
2.98 ± 1.6
3.9

76.2
18.7
15.1
64.9
43.3
38.9
38.0
11.8
36.8
38.6
4.7
1.1
3.21 ± 1.7
3.2

63.3
25.9
15.2
64.7
44.0
35.6
36.8
10.7
35.8
33.9
4.6
1.1
3.12 ± 1.7
3.2

61.6
11.2
14.8
63.5
42.9
37.2
34.5
11.5
37.1
37.8
5.1
1.6
3.21 ± 1.75
3.4

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Data are expressed as mean ± standard deviation or %.
a Body mass index ≥ 30 kg/m2 .
b Blood pressure ≥ 140/90 mmHg.
c Elixhauser et al., 1998 [20].

Abbreviation: HF, heart failure.
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Figure 1.

Heart failure admissions per day and inhospital mortality trends in the different US regions according to month of admission.

patients aged < 18 years and those transferred out. Comparisons were made between four regions:
• Northeast;
• Midwest;
• South;
• West [17].
Trend analysis was performed using the Mantel—Haenszel
test of linear association or the analysis of variance test for
categorical and continuous variables, respectively. Fisher’s
exact test or Pearson’s 2 test and Student’s t test were
used for analysis of categorical and continuous variables,
respectively. Admission rate per day for any given month
was calculated as the total regional admissions during that
month divided by the total number of days in the month,
over 10 years. SPSS statistics software, version 23.0 (IBM,
Armonk, NY, USA) was used to perform data analysis. A P
value < 0.05 was used to infer statistical signiﬁcance.
A total of 2,024,868 admissions were included: 49.9%
were men and 50.1% were women; 56.8% were white, 17.0%
were African American, 6.7% were Hispanic and the remainder belonged to other races or was unspeciﬁed. Between

2005 and 2014, there was an overall downtrend in the
number of patients admitted with HF (from 231,080 to
152,304 admissions; P < 0.001), which was consistent across
all regions. Within our sample size, 41.6% of admissions
were from the South, followed by the Midwest (23.1%), the
Northeast (19.5%) and the West (15.7%). The mean age was
72.2 ± 14.5 years at admission. The mean length of stay was
5.19 ± 5.65 days. Baseline characteristics of the study population are shown in Table 1. Overall, maximum HF admissions
per day were observed in February, whereas the lowest numbers of admissions per day were seen in August (Fig. 1).
Within individual regions, the highest numbers of total
admissions were noted in January (Northeast, South and
West) and March (Midwest), whereas the lowest numbers of
total admissions were noted either in August (Northeast and
South) or in September (Midwest and West), as seen in Fig. 2.
This peak in admissions during the winter and the trough during the summer was seen in the trends across all four regions.
Regional trends indicate that the peak admission rate during
winter was most markedly increased in the West, where a
37.3% relative increase in admission rates was noted in January from its lowest point in August, followed by the South
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Percentage of patients admitted per month in each US region.

(27.6%) and Northeast (25.9%). Overall, inhospital mortality
was highest in the Northeast (3.9%), followed by the West
(3.4%), Midwest (3.2%) and South (3.2%), with the national
average being 3.4%. Inhospital mortality showed signiﬁcant monthly variation across all regions, with the highest
reported rates occurring during colder months (January,
February and December, in decreasing order) compared with
warmer months (July, June and August, in increasing order)
(Fig. 1). Across all regions, the winter mortality spike was
most prominent in the Northeast, with respect to both an
absolute (1.1%) and relative (32.3%) increase from October
to January.
HF remains a leading cause of morbidity and mortality
across industrialised nations. Mozaffarian et al., in a study
on behalf of American Heart Association, estimated that
5.7 million adults have chronic HF and that half of those
who develop HF die within 5 years. One in nine deaths in
2009 had HF as a contributing factor [18]. According to the
2011—2013 data available from the Centers for Disease Control and Prevention, HF-related deaths in adults aged > 35
years varied between different geographical regions. The
reported age-adjusted average annual deaths varied from

54.8 to 709.2 per 100,000. The areas with the highest HF
mortality included Mississippi, Oklahoma, northern Texas,
Arkansas, eastern Kentucky and northern Alaska [19]. In our
study, HF-related inhospital mortality was highest in the
Northeast region, compared with the rest of the country,
irrespective of time of year. Patients within the Northeast
cohort were older, with a higher prevalence of hypertension,
but had an overall lower cumulative comorbidity burden,
according to the mean Elixhauser point-scale index [20],
which suggests that certain regional factors may play an
additional role. Given that the Northeast and Midwest experienced the highest relative increases in winter mortality
rates, and also contain states that rank among the coldest
within the USA, it is likely that lower regional temperatures
independently accentuate the winter spike in mortality [21].
Several mechanisms have been proposed to explain this
increased incidence of cardiac events in winter months,
such as an increase in peripheral vascular resistance and
increased circulating norepinephrine and vasoconstrictor
peptides caused by skin cooling, resulting in higher blood
pressures [22,23]. A cold climate is known to induce myocardial ischaemia and infarction [24—27], and arrhythmias

Downloaded for Anonymous User (n/a) at Lehigh Valley Health Network from ClinicalKey.com by Elsevier on February 28,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

300

Letters to the Editors

may be precipitated. All of the above factors may result
in acute decompensation and HF exacerbation. Respiratory viral infections, which peak in winter months, may
also cause HF exacerbation [28]. Alcohol consumption and
dietary overindulgence during winter holidays may also play
a role [29,30]. In addition, factors such as lack of vitamin
D, physical activity and air pollution have been postulated
to be additionally responsible for the higher incidence of HF
admissions and mortality [31].
To our knowledge, this is the ﬁrst study to analyse
regional and seasonal variations in HF admissions and mortality across all regions within the USA, which differ widely
in geography, demography and climate. Interestingly, the
Northeast experienced the greatest relative increase in
HF admission rate during the winter months. This may be
explained by the higher average temperatures in the West,
especially compared with the Northeast and Midwest. It is
likely that there is a multifactorial explanation for this rise
in admissions and mortality rates during winters, in addition to absolute regional temperature, including sampling
bias. Such an analysis was beyond the scope of our study
and is a limitation. The relative and absolute increase in
hospital mortality was highest in the Northeast. Measures
that can be undertaken to overcome worse outcomes include
limiting exposure to cold outdoors, paying particular attention to medication and dietary compliance. More frequent
outpatient follow-ups during winters by telephone or ofﬁce
visits may be effective. Additionally, this vulnerable group
deserves high priority in receiving adequate coverage with
vaccinations against pneumococcal and inﬂuenza.
In conclusion, as there was an overall increasing trend in
HF admissions and mortality in all regions during the winter season, knowledge of these trends could help with care
management and resource allocation in anticipation of seasonal peaks in disease severity; extra caution is advisable in
the HF population in the winter months across the country.
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