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Background: Methamphetamine and cocaine use are known risk factors for
heart failure (HF). Previous studies focused on HF cases identified as either
methamphetamine or cocaine-induced HF with no study identifying the HF
subtype most associated with stimulant use. Our study hypothesizes that
stimulant users have a higher odds of developing HFrEF than HFpEF. Our
study also compares demographic and comorbidities between the HF subtypes.
Methods: National Inpatient Sample data from 2008 to 2020 were used to identify
hospital admissions among stimulant users with HF. The chi-square test for
categorical variables and t-test for continuous variables was used for the
weighted sample. P-value was found by linear trend analysis. The trend stratified
by age, sex, race, and United States region (defined by the US Census Bureau)
was analyzed by the Cochran-Armitage trend test. A generalized linear model
determined the HF subtype related to stimulant use adjusted for traditional risk
factors, and another model estimated vulnerable patient characteristics.

Results: Stimulant use was more likely to be associated with HFrEF (OR =1.97, CI
1.93-2.01), while less associated with HFpEF (OR=0.96, Cl 0.94-0.98). HF
among stimulant users was common (p < 0.001) in males, those aged 41-64,
Black patients, Medicaid users, those in the <50 percentile income, and the
South or West regions. Stimulant-related HF hospitalizations increased
significantly from 2008 to 2020 for all subcategories (p < 0.001).

Conclusion: Stimulant use is positively associated with HFrEF, with the highest risk
being in those middle-aged, male, Black, or covered by Medicaid. The higher
likelihood of traditional risk factors for HF in stimulant-related HF supports the
hypothesis that stimulants induce multifactorial damage to the cardiovascular system.
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Introduction

Cocaine and methamphetamine are highly addictive substances
causing increasing morbidity and mortality in the US.
Methamphetamine-related hospital admissions have increased by
over 6.73-fold in the past 30 years, along with increasing
mortality, highlighting the growing public health problem of
stimulant use and misuse (1-3). Unfortunately, in contrast to
opioid overdose, stimulant (methamphetamine and cocaine)
overdose has no direct pharmacological treatment (4). To
advance our understanding of the causes and consequences of
stimulant use as we search for better treatment outcomes, it is
critical to characterize the trends and pathophysiology of
stimulant misuse and associated overdoses. Heart failure (HF) is
a critical outcome of chronic stimulant use, with methamphetamine
and cocaine contributing to cardiotoxicity.

Studies have suggested methamphetamine and cocaine cause
myocardial injury through chronic catecholamine excess (5-8).
Methamphetamine causes direct myocardial toxicity through
oxidative stress and increased apoptosis, contributing to chronic
inflammation leading to loss of myocytes, cardiomyocyte
hypertrophy, and myocardial fibrosis, thus impairing systolic
function (7, 9-16). Cocaine similarly causes myocyte injury via
catecholamine excess with associated ventricular hypertrophy and
which

ventricular filling and diastolic failure (17). Cocaine also causes

reduced ventricular compliance, causes inadequate
cardiomyopathy by inhibiting sodium channels in the myocardial
tissue, decreasing contractility (18).

HF can be classified by ejection fraction: reduced ejection
fraction (HFrEF) or preserved ejection fraction (HFpEF).
Methamphetamine and cocaine have been traditionally thought
to cause HFrEF, with recent work highlighting its association
with HFpEF as well (17, 19, 20). Despite this, there is
surprisingly limited understanding of the clinical burden posed
by different stimulant-associated HF subtypes. Furthermore,
stimulant-related outcomes and heart failure outcomes vary
widely between different demographic groups, with minority
groups having a disproportionate disease burden and worse
outcomes in both ejection fraction conditions (21-24).

Across studies, most cases were reported as methamphetamine-
induced HF, cocaine-induced HF, or stimulant-induced HF, with
only a few studies distinguishing between HFrEF and HFpEF.
The outcome of this latter work was mixed (18-20, 25, 26). In
our extensive literature search, there was no study that estimates
which subtype of HF is more likely to be associated with
stimulant use. Accordingly, the present study will provide an
estimate of this association between stimulant use and HF
subtype. Based on findings from previous studies, we hypothesize
that HFrEF will be more likely to be associated with stimulant
use than HFpEF. Additionally, our study will compare patient

Abbreviations

HFpEF, Heart failure with preserved ejection fraction; HFrEF, Heart failure with
reduced ejection fraction; HFpEF(+Stim), HFpEF Stimulant-associated; HFrEF
(+Stim), HFrEF Stimulant-associated; HFpEF(-Stim), HFpEF without
stimulant use; HFpEF(-Stim), HFrEF without stimulant use.
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characteristics and comorbidities among stimulant-using HF

hospitalizations by  subtype. =~ We  have  combined
methamphetamine, amphetamine, and cocaine users and defined
them as stimulant wusers in our their

study, given

common pathophysiology.

Methods

Hospital admissions among methamphetamine, amphetamine,
and cocaine users with HF from 2008 to 2020 were quantified using
data from the National Inpatient Sample (NIS), Healthcare Cost
and Utilization Project (HCUP), and Agency for Healthcare
Research and Quality (27). The NIS is the largest publicly
available database for inpatient care, encompassing patient
information from 7 million annual hospital stays in the United
States, representing about 97% of Americans. The NIS currently
uses the total number of discharges in each stratum to determine
discharge weights instead of using the number of hospitals to get
national discharge weights, thus reducing the error for national
estimates by 42-48 percent. This current discharge method was
retroactively applied to the NIS data before 2012 to adjust
discharge weights, allowing for trend exploration using these
techniques (27). Each sample in the NIS database represents a
single patient hospitalization and over 100 clinical elements such
as patient diagnoses, demographics, and aspects of hospital stay.
In this study, we isolated adults (>18 years) who were
hospitalized with a primary or secondary diagnosis of heart
failure and stimulant use (methamphetamine, amphetamine, or
cocaine) with the International Classification of Diseases Coding
System (ICD) 9 and 10. Further explanation of ICD codes for
HF and stimulant use is shown in Supplementary Tables S1, S2.
The NIS data are deidentified, and the Institutional Review
Board (IRB) at LSU Health Sciences
determined that this study was exempt from IRB oversight.

Center, Shreveport,

Statistical analysis

National
statements and patient-level weights. Prior to 2012, trend weight

estimates were derived using survey-specific
was used for national estimates of trend analysis; however,
following 2012, regular discharge weight methods were used to
find national estimates. All discharge weights are the same for an
NIS year’s hospital discharges. Therefore, trend weight files were
merged with initial NIS files by year and hospital ID.
Frequencies and percentages of categorical variables were
analyzed for unweighted (raw hospital admission data) and
weighted (nationally representative data) hospital admissions.
NIS sample design and weight were examined using design-based
Chi-Square tests for categorical values and designed-based t-tests
for continuous data (28). Missing values did not surpass 5%, so
imputation was not required. A generalized linear model found
the 95% confidence interval and odds ratio. The first model was
designed to estimate the likelihood of being hospitalized with

either HFrEF or HFpEF given stimulant use. The model was
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adjusted for gender, age, race, primary payer, median household
income, length of hospital stays, region in the US, ischemic heart
disease, diabetes, hypertension, obesity, alcohol use, renal failure,
and year of data collected (29). Using modifications like the first
model, the second model was designed to determine at-risk
associated risk factors

demographic groups and

stimulant-using HFpEF and HFrEF patients. The p-value for

among

trends was found by linear trend analysis. The trend stratified by
age, sex, race/ethnicity, and hospital region was then analyzed
using the Cochran-Armitage trend test. The states included in
each hospital region is available in Supplementary Table S3.
Design and analytical guidelines have already been described for
NIS data, and HCUP standards were followed for analysis
(30-33). All statistical tests were calculated using open-source
software R (version 4.4.1). Statistical significance was set at p < 0.05.

Results

Demographic, risk factors, and
trend analysis results for HFpEF
hospital admissions

HFpEF hospitalizations among stimulant users [HFpEF(+Stim)]
increased by 423% from 2008 to 2020 (p<0.001). HFpEF
[HEpEF(-Stim)]
significantly (p < 0.001) more prevalent in female patients (60.79%),

hospitalizations in stimulant non-users were
and HFpEF(+Stim) were more prevalent in male patients (59.5%).
Trend analysis showed HFpEF(+Stim) significantly (p <0.001)
increased from 2008 to 2020 in males (409%) and females (446%),
with males comprising the majority (p < 0.001).

Hospitalizations also differed significantly (p <0.001) by age.
HFpEF(-Stim) was most increased in patients aged >64 years
(78.17%), whereas HFpEF (+Stim) was highest in those aged
41-64 years (76.52%) with hospitalizations increasing significantly
(p<0.01) from 2008 to 2020.

By race/ethnicity, HFpEF(-Stim) was significantly higher
(<0.001) in non-Hispanic White (hereafter White) patients
(73.36%). In contrast, HFpEF(+Stim) was comprised of primarily
non-Hispanic Black (hereafter Black) patients (53.46%), followed
by White patients (34.07%). Trend analysis revealed that HFpEF
(+Stim) had a significantly (p < 0.001) higher burden among
White and Black patients, increasing significantly (p < 0.001)
from 2008 to 2020.

Regarding healthcare coverage, Medicare constituted 80.71% of
HFpEF(-Stim) admissions. HFpEF(+Stim) was more evenly
distributed between Medicare (35.49%) and Medicaid (44.68%).
Further, HFpEF(+Stim) were more likely to self-pay (7.79%) than
non-users (1.43%). Household income was also associated with
stimulant use and HF (p <0.001). In HFpEF(-Stim), there was a
relatively uniform distribution between different percentile
household HFpEF(+Stim)
mostly belonged to the lowest quartile of household income
(52.71%). Both HFpEF(+Stim) (36.32%) and HFpEF(-Stim)
(37.3%) were highest in the South. However, the West had
significantly (p <0.001) more HFpEF(+Stim) (28.77%) than

incomes. In contrast, individuals
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HFpEF(-Stim)  (15.93%).
HFpEF(+Stim) in all regions increased significantly (p < 0.001),

Similarly, trend analysis indicated

with the West and Midwest showing the largest proportionate
increase (589% and 480%, respectively) from 2008 to 2020.
Traditional risk factors for HF showed differences between
HFpEF(+Stim) and HFpEF(-Stim). Alcohol use was significantly
(p <0.001) higher in HFpEF(+Stim) (19.68%). Hypertension was
marginally higher in HFpEF(+Stim) (71.55%, p = 0.03) compared
to HFpEF(-Stim) (71.27%). All
significantly (p<0.001) lower in HFpEF(+Stim) compared to
HFpEF(-Stim). The results for the demographics and risk factors

other risk factors were

are available in Table 1, and the trend analysis is available in
Figure 1 and Supplementary Figure 1.

Demographic, risk factors, and
trend analysis results for HFrEF
hospital admissions

The findings described in this section all met the criterion for
statistical significance (p < 0.001). HFrEF hospitalizations among
stimulant users [HFrEF(+Stim)] increased by over 540% from
2008 to 2020. HFrEF(+Stim) and HFrEF hospitalizations among
stimulant non-users [HFrEF(-Stim)] were more likely in male
patients than in female patients, comprising 74.15% and 61.55%,
respectively. An increase in HFrEF(+Stim) from 2008 to 2020
was observed for males (574%) and females (469%), with a more
pronounced increase in males.

HFrEF(-Stim) was most prominent in patients over 64 years
(69.69%). However, the majority of HFrEF(+Stim) occurred in
those between the ages of 41 and 64 (72.65%). Similarly, trend
analysis showed that those aged 41-64 comprised the majority of
HFrEF(+Stim), though increases were seen across every age
group for HFrEF(+Stim) from 2008 to 2020.

HFrEF(-Stim) was mainly comprised of White patients
(69.06%), whereas HFrEF(+Stim) was mostly Black patients
(43.28%) closely followed by White patients (39.58%). The trend
analysis similarly showed HFrEF(+Stim) increasing from 2008 to
2020 for all race/ethnicity groups, with White and Black patients
comprising the majority groups. Note that White patients
surpassed Black patients in number of hospitalizations from
2018 on.

Most HFrEF(-Stim) were covered by Medicare (72.28%), while
a plurality of HFrEF(+Stim) used Medicaid (47.42%) as their
primary payer. Regarding household income, 59% of HFrEF
(-Stim) were in the lower half of household income, while in
HFrEF(+Stim), 47.42% were in the poorest (25th) percentile. The
South comprised the largest proportion (40.08%) of HFrEF
(-Stim). Among stimulant users, the West (36.97%) and South
(32.62%) were the most common regions for patients with
HFrEF. An increase in hospitalizations was seen in all regions of
the United States, with the largest at 1,267% in the West.
Notably, the South showed the highest HFrEF(+Stim) from 2008
to 2012 until surpassed by the West in 2013.

Traditional risk factors for HF showed differences between
HFrEF(+Stim) and HFrEF(-Stim). Alcohol use was higher in
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TABLE 1 Characteristics in heart failure with preserved ejection fraction hospitalizations with and without stimulant-use.

Characteristics

Not stimulant users
Weighted N (%)

N = 18,753,926

Stimulant users
Weighted N (%)

N =137,503

Gender Male 7,352,243 (39.21) 81,802 (59.5) <0.001
Female 11,400,204 (60.79) 55,680 (40.5)
Age (in years) 18-25 17,389 (0.09) 472 (0.34) <0.001
26-40 225,949 (1.2) 11,620 (8.45)
41-64 3,850,743 (20.53) 105,218 9 (76.52)
>64 14,659,845 (78.17) 20,192 (14.68)
Race/ethnicity White 13,082,477 (73.36) 45,205 (34.07) <0.001
Black 2,764,861 (15.5) 70,930 (53.46)
Hispanic 1,182,883 (6.63) 11,011 (8.3)
Asian or Pacific Islander 342,727 (1.92) 1,532 (1.16)
Native American 86,081 (0.48) 1,036 (0.78)
Other 375,268 (2.1) 2,951 (2.22)
Insurance Medicare 15,118,606 (80.71) 48,744 (35.49) <0.001
Medicaid 1,213,925 (6.48) 61,358 (44.68)
Private Insurance 1,843,150 (9.84) 11,278 (8.21)
Self-Pay 268,020 (1.43) 10,693 (7.79)
No Charge 22,759 (0.12) 1,041 (0.76)
Other 266,112 (1.42) 4,213 (3.07)
Household income (in percentile) 0-25 5,512,679 (29.86) 68,726 (52.71) <0.001
26-50 4,898,936 (26.54) 29,714 (22.79)
51-75 4,416,243 (23.92) 20,953 (16.07)
76-100 3,631,772 (19.67) 10,990 (8.43)
Region Northeast 3,969,478 (21.17) 20,715 (15.07) <0.001
Midwest 4,802,047 (25.61) 27,279 (19.84)
South 6,995,768 (37.3) 49,944 (36.32)
West 2,986,633 (15.93) 39,564 (28.77)
Mortality status Alive 17,957,749 (95.8) 134,493 (97.88) <0.001
Dead 786,876 (4.2) 2,916 (2.12)
Length of stay (in days) 0-3 6,761,430 (36.05) 61,083 (44.43) <0.001
46 5,858,580 (31.24) 37,594 (27.34)
7-9 2,836,269 (15.12) 16,751 (12.18)
10-12 1,330,842 (7.10) 7,853 (5.71)
>12 1,966,107 (10.48) 14,215 (10.34)
Ischemic heart disease Present 8,239,231 (43.39) 45,570 (33.14) <0.001
Alcohol use Present 418,112 (2.37) 25,457 (19.68) <0.001
Diabetes Present 7,912,383 (44.80) 48,776 (37.71) <0.001
Hypertension Present 12,586,837 (71.27) 92,536 (71.55) 0.03
Obesity Present 4,357,043 (24.67) 34,959 (27.03) <0.001
Renal failure Present 5,330,241 (34.24) 36,236 (33.04) <0.001

HFrEF(+Stim) (20.93%). Hypertension was significantly lower in
HFrEF(+Stim) (59.67%) compared to HFrEF(-Stim) (65.84%). All
other risk factors were significantly lower in HFrEF(+Stim)
compared to HFrEF(-Stim). The results for other demographics
and risk factors are shown in Table 2, and for trend analysis see
Figure 2 and Supplementary Figure 2.

Adjusted odds ratio for HFpEF hospital
admissions

The first model was used to determine the likelihood of being

hospitalized with HFpEF associated with stimulant use. It showed
that stimulant use was less likely (OR =0.96, CI 0.94-0.98) to be

Frontiers in Cardiovascular Medicine

associated with HFpEF after adjusting for traditional risk factors
for HF and demographics.

The second model determined the at-risk demographic groups
and traditional risk factors for HF that were more likely to be
associated with HFpEF(+Stim) patients. Patients ages 41-64 years
had the highest likelihood (OR =5.74, CI 5.45-6.05), and female
patients had a lower likelihood (OR=0.74, CI 0.71-0.76) of
hospitalization than male patients. Black patients were more
likely (OR=4.67, CI 4.47-4.89) to be hospitalized than White
patients, whereas non-Hispanic Asian (hereafter Asian) patients
were less likely (OR=0.77, CI 0.64-0.92) to be hospitalized than
White patients. Hispanic and non-Hispanic Native American/
Alaskan Native (hereafter Native American) patients had similar
odds (OR=0.98, CI 091-1.05 OR=1.11, CI 0.93-1.33,

04 frontiersin.org
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FIGURE 1
Trend in hospital admissions for patients with concurrent stimulant Use and heart failure with preserved ejection fraction.

respectively) compared to White patients. HFpEF(+Stim) were
more likely to be covered by Medicaid (OR =1.96, CI 1.88-2.04)
or self-pay (OR=1.50, CI 1.39-1.61) for their hospitalizations.
Compared to the Northeast, the West had higher odds
(OR=2.33, CI 2.16-2.53) of hospitalizations, while other regions
had similar odds to the Northeast. Patients in the 0-25th
percentile household income were more likely to be hospitalized,
with odds decreasing as household income increases, with the
lowest likelihood in patients in the >75th percentile (OR =0.54,
CI 0.50-0.58). HFpEF(+Stim) patients were more likely to suffer
from risk factors, except diabetes (OR =0.97, CI 0.94-1.00). The
odds ratio plot for HFpEF(+Stim) is shown in Figure 3.

Adjusted odds ratio for HFrEF hospital
admissions

Similarly to HFpEF, the first model was used to determine the
likelihood of being hospitalized with HFrEF due to stimulant use. It
demonstrated that stimulant users were more likely (OR = 1.97, CI
1.93-2.01) to be hospitalized with HFrEF compared to non-users,
after adjusting for traditional risk factors for HF and
demographic characteristics.

The second model examined at-risk demographic groups and
associated traditional risk factors for HF that were more likely to

be associated with HFrEF(+Stim) patients. Patients aged 41-64

Frontiers in Cardiovascular Medicine

years had the highest likelihood (OR=5.50, CI 5.30-5.71), and
female patients had a lower likelihood of hospitalization than
male patients (OR=0.38, CI 0.37-0.39). Except for Hispanic
patients, every other racial/ethnic group had a higher likelihood
of hospitalization compared to White patients, with the highest
odds in Black patients (OR=3.72, 3.60-3.85). HFrEF(+Stim)
were more likely to be covered by Medicaid (OR =2.46, CI 2.39-
2.54) or self-pay (OR=226, CI 2.16-2.37). Compared to the
Northeast, the West had higher odds (OR=2.93, CI 2.73-3.13)
of HFrEF(+Stim), while other regions had similar odds to the
Northeast. Patients in the 0-25th percentile household income
were more likely to be hospitalized, with odds decreasing as
household income increases, with the lowest likelihood in
patients in the >75th percentile (OR = 0.64, CI 0.61-0.67). HFrEF
(+Stim) patients were more likely to suffer from risk factors,
except diabetes (OR =0.97, CI 0.94-1.00) and obesity (OR =0.94,
CI 0.92-0.97). The odds ratio plot for HFrEF(+Stim) is shown
in Figure 4.

Discussion

The systematic analysis of NIS data in the present study has
advanced our understanding of ejection fraction in heart failure
for individuals admitted to the hospital with or without current
stimulant use. For such individuals, we identified demographic
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TABLE 2 Characteristics in heart failure with reduced ejection fraction hospitalizations with and without stimulant-use.

Stimulant users
Weighted N (%)

N = 379,349

Not stimulant users
Weighted N (%)

Characteristics

N = 14,818,595

Gender Male 9,120,355 (61.55) 281,249 (74.15) <0.001
Female 5,697,210 (38.45) 98,054 (25.85)
Age (in years) 18-25 50,354 (0.34) 4,116 (1.08) <0.001
26-40 388,945 (2.62) 48,838 (12.87)
41-64 4,200,326 (28.34) 275,596 (72.65)
>64 10,178,970 (68.69) 50,799 (13.39)
Race/ethnicity White 9,669,413 (69.06) 144,556 (39.58) <0.001
Black 2,590,976 (18.51) 158,075 (43.28)
Hispanic 1,040,469 (7.43) 39,057 (10.69)
Asian or Pacific Islander 259,703 (1.85) 9,688 (2.65)
Native American 81,169 (0.58) 3,790 (1.04)
Other 359,070 (2.56) 10,084 (2.76)
Insurance Medicare 10,695,765 (72.28) 105,135 (27.77) <0.001
Medicaid 1,370,463 (9.26) 179,521 (47.42)
Private Insurance 1,990,030 (13.45) 39,546 (10.45)
Self-Pay 411,245 (2.78) 38,639 (10.21)
No Charge 34,458 (0.23) 2,779 (0.73)
Other 295,604 (2) 12,984 (3.43)
Household income (in percentile) 0-25 4,829,472 (33.25) 168,322 (47.38) <0.001
26-50 3,884,898 (26.75) 83,406 (23.48)
51-75 3,300,533 (22.73) 63,567 (17.89)
76-100 2,508,798 (17.27) 39,988 (11.26)
Region Northeast 3,008,186 (20.3) 54,618 (14.4) <0.001
Midwest 3,490,203 (23.55) 60,733 (16.01)
South 5,939,370 (40.08) 123,747 (32.62)
West 2,380,836 (16.07) 140,250 (36.97)
Mortality status Alive 14,055,811 (94.9) 368,657 (97.24) <0.001
Dead 756,110 (5.1) 10,459 (2.76)
Length of stay (in days) 0-3 5,637,243 (38.04) 172,439 (45.46) <0.001
4-6 4,414,400 (29.80) 107,750 (28.40)
7-9 2,134,582 (14.40) 44,344 (11.70)
10-12 1,028,517 (6.94) 19,898 (5.24)
>12 1,603,414 (10.82) 34,909 (9.20)
Ischemic heart disease Present 9,190,111 (62.02) 152,961 (40.32) <0.001
Alcohol use Present 521,012 (3.75) 74,230 (20.93) <0.001
Diabetes Present 5,909,810 (42.54) 101,878 (28.73) <0.001
Hypertension Present 9,146,253 (65.84) 210,544 (59.37) <0.001
Obesity Present 2,193,650 (15.79) 53,174 (14.99) <0.001
Renal failure Present 4,141,041 (33.2) 72,612 (24.3) <0.001

patterns associated with types of HF as well as a more complete
picture of the their associations as seen from 2008 to 2020. There
was a profound increase among all types of stimulant-related HF
hospitalizations—423% vs. 540% for preserved and reduced
ejection fraction, respectively. This increase was seen in all age
groups and both sexes but varied by identified race/ethnicity.
Though the increase was mostly uniform, there was a slight
deceleration from 2019 to 2020, perhaps reflecting oversaturation
with COVID hospitalizations. Overall, this summary of the
outcomes illustrates the severity of the stimulant use epidemic in
the US and the need to better understand its connection between
stimulant-related HF and ejection fraction (34).

The generalized linear model adjusted for stimulant use,
demographics, and traditional risk factors for HF indicated that

Frontiers in Cardiovascular Medicine

stimulant use was associated with an increased likelihood of
hospitalizations from HFrEF but a lower likelihood with HFpEF.
The increased odds ratio for HFrEF is consistent with other
reports of HFrEF in patients using stimulants (19). Similarly,
there have been cases of HFpEF reported among stimulant users
(19). Here, we found a lower likelihood of HFpEF among
stimulant users compared to non-stimulant users. Based on these
findings, we suggest that stimulant-associated HFpEF patients are
likely to progress to HFrEF with continued stimulant use. Both
amphetamines and cocaine act as sympathomimetics, increasing
heart rate, blood pressure, and free radicals. Amphetamines have
a longer duration of action and show direct cardiotoxicity, which
is exacerbated by concurrent stimulation of catecholamine
production (35). Furthermore, cessation of stimulant use has led
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FIGURE 2
Trend in hospital admissions for patients with concurrent stimulant Use and heart failure with reduced ejection fraction.

to improvement in ejection fraction among HFrEF(+Stim)
patients (36, 37). Future research investigating the nature of the
damage
stimulant users will help design approaches aimed at improving

leading to persistent myocardial dysfunction in
treatment outcomes.

Examination of age found that in stimulant users, HF,
irrespective of type, developed among the middle-aged (those
aged 41-64 years), followed by individuals over 64 years, while in
non-users HF developed later in life (>64 years), followed by
middle age (41-64 years). This outcome supports the suggestion
that stimulant use accelerates heart tissue damage (7, 38), leading
to HF at an earlier age. One question of interest is whether long-
term cessation from stimulant use could allow at least some
reversal of such heart tissue damage and, if so, what intervention
regimens would facilitate this reversal.

Additionally, from 2008 to 2020 there was a significant increase
in stimulant-related HF of all types across the four age groups
included in this study. This observation prompts several points
of discussion. First, the increase in patients aged 18-25 (about 5-
7 times) indicates that younger population appear to be
increasing their use of stimulants and/or using in a more
dangerous manner, as this age group comprises a significantly
smaller portion of HF cases without stimulant use. While future
work will need to systematically parse out these different
possibilities, this outcome supports the earlier suggestion that
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stimulant use accelerates HF. Second, the HF pattern across age
groups points to a possible cohort effect due to the chronic use
of stimulants at a much younger age (<41 years) leading to the
development of heart failure in middle age (41-64 years) and old
age (>64 years) (25, 26, 39). These combined effects lead to
younger patients with higher disease burden in the long-term,
which underlines the severity of stimulant-related HF.

Analysis of sex as reported in the NIS revealed that stimulant-
related and non-stimulant-related HF hospitalizations were more
prevalent in male patients for all HF groups, except for HFpEF
(-Stim) patients. The female predominance of HFpEF has been
noted previously and hypothesized to be caused by increased
and endothelial
dysfunction (40-42). In contrast, among stimulant users, male

inflammatory response and microvascular
patients had a higher overall prevalence, especially in HFrEF,
across our analyses. This prevalence of HFrEF in males has
been noted previously and hypothesized to be caused by
macrovascular coronary artery disease, myocardial infarction, and
higher rates of apoptosis, necrosis, and cardiomyocyte loss in
myocardial infarction (41, 42). We propose that the higher male
prevalence in stimulant-related HFrEF reflects an acceleration of
these processes driven by higher stimulant use among males,
similar to our findings by age distribution (43). The finding that
HFpEF(+Stim) is also higher in males is an interesting
observation. We suspect that this could be due to the mechanism
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Odds ratio plot for demographics and risk factors in hospital admissions with concurrent stimulant Use and heart failure with preserved

of stimulant-induced cardiomyopathy, which is not well
understood but may involve proinflammatory responses and
cardiac remodeling (7).

Examination of race/ethnicity as reported in the NIS found for
stimulant-induced HF hospitalizations that Black patients had the
highest prevalence in every HF category, followed by White and

Hispanic patients. In our trend analysis, it is notable that

Frontiers in Cardiovascular Medicine

Hispanic and White patients are becoming more vulnerable to
stimulant-related HF. In fact, White patients categorized as
HFrEF(+Stim) exceeded Black patients in 2018, and the same
occurred in HFpEF(+Stim) by 2020. This pattern replicates an
earlier report with socioeconomic status being implicated in
Black HF hospitalizations (22, 25, 44). Additionally, stigma plays
in the differences seen in

an important role racial
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FIGURE 4
Odds ratio plot for demographics and risk factors in hospital admissions with concurrent stimulant Use and heart failure with reduced ejection fraction.

methamphetamine use disorder and mental health (21). These
patients likely experience a synergistic effect of stress from
experiences of racial/ethnic discrimination along with that of an
individual with stimulant use disorder (45). In contrast, the
increasing prevalence in White and Hispanic patients is thought
to be driven by increased stimulant use (23, 25, 43). These racial
differences highlight the importance of targeted substance use
treatments and further investigation on possible socio-cultural
and biological mechanisms for racial/ethnic disparities in
stimulant-associated HF (46, 47).

Examining the primary payers for HF hospitalizations
This is
unsurprising, given that most HF patients in the non-user

showed that Medicare covered most non-users.

groups were at least 65 years old. However, among stimulant
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users, Medicaid-insured patients comprised the majority in
This that
stimulant-using HF patients were in the lower half of

every analysis. outcome might reflect most
household income. Stimulant users were also more likely to
self-pay for their medical costs than non-users. This finding
may also be related to household income. Non-users’ income
had a relatively uniform distribution across income brackets.
In contrast, stimulant users mostly belonged to the two lowest
0-25th and 26-50th percentiles. This

distribution suggests that stimulant-associated HF patients are

two quartiles-—

more likely to be economically disadvantaged, which again
demonstrates the synergistic effect of HF and stimulant use
disorder, as both are
socioeconomic status (40, 43, 44, 48-50).

conditions associated with low

frontiersin.org


https://doi.org/10.3389/fcvm.2025.1566481
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Agrawal et al.

The geographic distribution of hospitalized HF patients was
notable. The highest prevalence of HF patients among non-users
was in the South. In stimulant users, HFpEF was most prevalent
in the South, followed by the West. However, this prevalence was
flipped for HFrEF which was higher in the West, followed by the
South. Though all regions showed significant increases from 2008
to 2020, the West had the largest proportionate increase of
stimulant-related HF of all types, exceeding Southern stimulant-
related HFrEF hospitalizations by 2013. In the South, these
hospitalizations are likely due to a synergistic effect of already
poor cardiovascular health with increasing stimulant use (47, 51).
In the West, this is likely due to a traditionally high prevalence
of stimulant use that continues to increase (47). Future research
would benefit from a more detailed understanding within each
region of the association between ejection fraction in HF and
stimulant use.

The influence of other HF risk factors in stimulant-related HF
was also investigated. Alcohol use showed increased prevalence in
the bivariate analysis with the models showing higher odds of use
in both HFrEF(+Stim) and HFpEF(+Stim) patients. Polysubstance
use among stimulant users is well-known, and alcohol use can also
cause HF through cardiotoxicity (35, 52, 53). In our study, we
suggest that stimulant use has independently increased the risk
of HFrEF. This suggestion is based on the finding that alcohol
use was significantly higher in both HFrEF(+Stim) and HFpEF
(+Stim) patients. Other traditional risk factors for HF show an
interesting difference between bivariate and model analysis
among stimulant-associated HF hospitalizations. Risk factors,
such as diabetes, hypertension, ischemic heart disease, and renal
failure were lower among stimulant-associated HF of all subtypes
in the bivariate analysis which is in alignment with that observed
in other studies (26, 48), but in the model, they had a higher
likelihood of being associated with HFpEF or HFrEF with
concurrent stimulant use. We hypothesize that even though these
risk factors are less prevalent among stimulant users, possibly
due to the higher prevalence of HF among the younger
population in stimulant users, continued stimulant use may
increase the risk of hospitalization with HF, complicating and
exacerbating HF.

This study offers valuable insights into demographic patterns
for stimulant-induced HF and their subtypes along with
associated risk factors. These findings provide a foundation for
future longitudinal research aimed at establishing causal
relationships between stimulant use and HF, as well as
identifying additional, previously unrecognized risk factors.
Such research could inform the development of more effective
treatment guidelines and targeted preventive strategies to
mitigate the onset and progression of HF in stimulant users.
Furthermore, these measures can strengthen current public
health initiatives focused on rehabilitation and recovery of
the
cardiovascular diseases, especially HF. Ultimately, this could

stimulant users, increasing vigilance for risk for
help reduce healthcare costs associated with treatment for
complications of continued stimulant use, particularly when
many users lack adequate healthcare coverage and belong to

lower socioeconomic groups.
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Conclusion

Stimulant-associated HF hospitalizations are increasing
across all subtypes, with a positive association between
stimulant use and HFrEF. We found that stimulant-associated
HF accelerates HF, with stimulant-associated HF of all types
occurring at younger ages than non-stimulant-associated HF.
This different pathophysiological
mechanisms from traditional HF, as HFpEF is typically not

outcome may reflect
seen in males, but HFpEF(+Stim) showed higher prevalence in
males. In addition, stimulant-related HF of all subtypes had
higher odds of suffering from traditional risk factors of HF,
adding to the risk. In many of these patients, stimulant use
and HF likely play a combinatoric effect on outcomes,
the

Furthermore, the changing trends among racial and regional

especially among socioeconomically  disadvantaged.
differences in stimulant-associated HF highlight the need
for further research, targeted treatments, and additional
resources to combat the increasing burden of stimulant-

associated HF.

Data availability statement

The dataset used in this study is derived from the National
Inpatient Sample (NIS), which is a proprietary dataset available
through the Healthcare Cost and Utilization Project (HCUP).
Due to data use agreements and licensing restrictions, we are not
permitted to publicly share the raw data. Requests to access these
datasets can be obtained here: https://hcup us.ahrq.gov/db/
nation/nis/nisdbdocumentation.jsp.

Author contributions

AA: Formal analysis, Writing - original draft, Writing — review
& editing. BS: Writing - original draft, Writing — review & editing.
DX: Writing - original draft, Writing - review & editing. MdSB:
Writing - review & editing. RB: Writing - review & editing. KM:
Writing - review & editing. TH: Writing - review & editing. SC:
Writing - review & editing. NG: Writing — review & editing.
MdB: Writing - review & editing. JV: Writing - review &
editing. AO: Writing - review & editing. CK: Writing - review &
editing. MB: Conceptualization, Supervision, Writing - review
& editing.

Funding

The author(s) declare that financial support was received
for the research and/or publication of this article. This work
was supported by the Institutional Development Award
(IDeA) from the National Institute of General Medical
P20GM 121307

serves as a research

Sciences  under grant number and

RO1HL149264 awarded to CGK. MANB

frontiersin.org


https://hcup us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://hcup us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://doi.org/10.3389/fcvm.2025.1566481
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Agrawal et al.

project leader for the P20GM 121307 grant. Additional support
was provided by the National Institutes of Health
grants ROIHL172970, RO1HL145753, RO1HL145753-01S1, and
RO1HL145753-03S1 awarded to MSB, and HL173972,
RO1HL133497, and HL141155 awarded to AWO. RAB’s
contribution was supported by the National Institute of
General Medical Sciences under grant P20GM130461 and by
the Rural Drug Addiction Research Center at the University of
Nebraska-Lincoln.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

References

1. Ferdous Khan MT, Mazumder S, Rahman MH, Afroz MA, Kiser H, Nobel
Bhuiyan MA. The transition of sociodemographic and substance abuse
characteristics, pairwise co-occurrences and factors associated with polysubstance
use among US adolescents and young adults. Addict Health. (2024) 16:42-50.
doi: 10.34172/ah;j.2024.1460

2. Shrabanti Mazumder MTFK, Bhuiyan MAN, Kiser H. Historical trends of
admitted patients by selected substances and their significant patient’s level factors.
Addict Behav. (2020) 109:106478. doi: 10.1016/j.addbeh.2020.106478

3. Drug overdose death rates U.S. Department of Health and Human Services.
(2024). Available online at: https://nida.nih.gov/research-topics/trends-statistics/
overdose-death-rates#:~:text=Since%202015%2C%20the%20number%200f,in%
202021%20(Figure%208) (accessed May 13).

4. Hartel-Petri R, Krampe-Scheidler A, Braunwarth WD, Havemann-Reinecke U,
Jeschke P, Looser W, et al. Evidence-based guidelines for the pharmacologic
management of methamphetamine dependence, relapse prevention, chronic
methamphetamine-related, and comorbid psychiatric disorders in post-acute
settings. Pharmacopsychiatry. (2017) 50:96-104. doi: 10.1055/s-0043-105500

5. Barison A, Aimo A, Emdin M. Cocaine and methamphetamine use and
hospitalization for acute heart failure: epidemiological evidence from a nationwide
dataset. Int J Cardiol. (2021) 333:141-2. doi: 10.1016/j.ijcard.2021.02.076

6. Havakuk O, Rezkalla SH, Kloner RA. The cardiovascular effects of cocaine. ] Am
Coll Cardiol. (2017) 70:101-13. doi: 10.1016/j.jacc.2017.05.014

7. Kevil CG, Goeders NE, Woolard MD, Bhuiyan MS, Dominic P, Kolluru GK, et al.
Methamphetamine use and cardiovascular disease. Arterioscler Thromb Vasc Biol.
(2019) 39:1739-46. doi: 10.1161/ATVBAHA.119.312461

8. Ali S, Al-Yafeai Z, Hossain MI, Bhuiyan MS, Duhan S, Aishwarya R, et al. Trends
in peripheral artery disease and critical limb ischemia hospitalizations among cocaine
and methamphetamine users in the United States: a nationwide study. Front
Cardiovasc Med. (2024) 11. doi: 10.3389/fcvm.2024.1412867

9. Darke S, Duflou J, Kaye S. Prevalence and nature of cardiovascular disease in
methamphetamine-related death: a national study. Drug Alcohol Depend. (2017)
179:174-9. doi: 10.1016/j.drugalcdep.2017.07.001

10. Karch SB. The unique histology of methamphetamine cardiomyopathy:
a case report. Forensic Sci Int. (2011) 212:el-4. doi: 10.1016/j.forsciint.2011.
04.028

11. Lord KC, Shenouda SK, McIlwain E, Charalampidis D, Lucchesi PA, Varner KJ.
Oxidative stress contributes to methamphetamine-induced left ventricular
dysfunction. Cardiovasc Res. (2010) 87:111-8. doi: 10.1093/cvr/cvq043

12. Schurer S, Klingel K, Sandri M, Majunke N, Besler C, Kandolf R, et al. Clinical
characteristics, histopathological features, and clinical outcome of methamphetamine-
associated cardiomyopathy. JACC Heart Fail. (2017) 5:435-45. doi: 10.1016/j.jchf.
2017.02.017

13. Bhuiyan MS, Faisal ASM, Venkataraj M, Goeders NE, Bailey SR, Conrad SA,

et al. Disparities in prevalence and trend of methamphetamine-associated

Frontiers in Cardiovascular Medicine

1

10.3389/fcvm.2025.1566481

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025.
1566481 /full#supplementary-material

cardiomyopathy in the United States. ] Am Coll Cardiol. (2023) 81:1881-3. doi: 10.
1016/j.jacc.2023.03.382

14. Abdullah CS, Remex NS, Aishwarya R, Nitu S, Kolluru GK, Traylor J, et al.
Mitochondrial ~dysfunction and autophagy activation are associated with
cardiomyopathy developed by extended methamphetamine self-administration in
rats. Redox Biol. (2022) 58:102523. doi: 10.1016/j.redox.2022.102523

15. Abdullah CS, Aishwarya R, Alam S, Morshed M, Remex NS, Nitu S, et al.
Methamphetamine induces cardiomyopathy by Sigmarl inhibition-dependent
impairment of mitochondrial dynamics and function. Commun Biol. (2020) 3:682.
doi: 10.1038/542003-020-01408-z

16. Jafari Giv M. Exposure to amphetamines leads to development of amphetamine
type stimulants associated cardiomyopathy (ATSAC). Cardiovasc Toxicol. (2017)
17:13-24. doi: 10.1007/s12012-016-9385-8

17. Arenas DJ, Beltran S, Zhou S, Goldberg LR. Cocaine, cardiomyopathy, and heart
failure: a systematic review and meta-analysis. Sci Rep. (2020) 10:19795. doi: 10.1038/
§41598-020-76273-1

18. Elkattawy S, Alyacoub R, Al-Nassarei A, Younes I, Ayad S, Habib M. Cocaine
induced heart failure: report and literature review. ] Community Hosp Intern Med
Perspect. (2021) 11:547-50. doi: 10.1080/20009666.2021.1926614

19. Manja V, Sandhu ATS, Asch S, Frayne S, McGovern M, Chen C, et al.
Healthcare utilization and left ventricular ejection fraction distribution in
methamphetamine use associated heart failure hospitalizations. Am Heart J. (2024)
270:156-60. doi: 10.1016/j.ahj.2023.12.014

20. Bhatia HS, Nishimura M, Martinez A, Vanam S, Kahn AM, DeMaria A, et al.
Systolic dysfunction in patients with methamphetamine use and heart failure with
preserved ejection fraction. Int J Cardiol. (2022) 348:90-4. doi: 10.1016/j.ijcard.2021.
12.024

21. Xing DG, Mohiuddin F, Bhuiyan MS, Hossain MI, Al-Yafeai Z, Mosa Faisal AS,
et al. Prevalence and patterns of methamphetamine use and mental health disparity in
the United States. Nat Mental Health. (2024) 2(8):951-9. doi: doi: 10.1038/s44220-
024-00282-6

22. Eaton CB, Abdulbaki AM, Margolis KL, Manson JE, Limacher M, Klein L, et al.
Racial and ethnic differences in incident hospitalized heart failure in postmenopausal
women: the women’s health initiative. Circulation. (2012) 126:688-96. doi: 10.1161/
CIRCULATIONAHA.111.066688

23. Guerrero EG, Amaro H, Kong Y, Khachikian T, Marsh JC. Exploring gender and
ethnoracial differences and trends in methamphetamine treatment. Subst Abuse.
(2023) 17:11782218231180043. doi: 10.1177/11782218231180043

24. Pina IL, Jimenez S, Lewis EF, Morris AA, Onwuanyi A, Tam E, et al. Race
and ethnicity in heart failure: JACC focus seminar 8/9. ] Am Coll Cardiol. (2021)
78:2589-98. doi: 10.1016/j,jacc.2021.06.058

25. Shetty S, Malik AH, Ali A, Yang YC, Briasoulis A, Alvarez P. Characteristics,
trends, outcomes, and costs of stimulant-related acute heart failure hospitalizations
in the United States. Int J Cardiol. (2021) 331:158-63. doi: 10.1016/j.ijjcard.2021.01.060

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2025.1566481/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1566481/full#supplementary-material
https://doi.org/10.34172/ahj.2024.1460
https://doi.org/10.1016/j.addbeh.2020.106478
https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates#:~:text=Since%202015%2C%20the%20number%20of,in%202021%20(Figure%208)
https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates#:~:text=Since%202015%2C%20the%20number%20of,in%202021%20(Figure%208)
https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates#:~:text=Since%202015%2C%20the%20number%20of,in%202021%20(Figure%208)
https://doi.org/10.1055/s-0043-105500
https://doi.org/10.1016/j.ijcard.2021.02.076
https://doi.org/10.1016/j.jacc.2017.05.014
https://doi.org/10.1161/ATVBAHA.119.312461
https://doi.org/10.3389/fcvm.2024.1412867
https://doi.org/10.1016/j.drugalcdep.2017.07.001
https://doi.org/10.1016/j.forsciint.2011.04.�028
https://doi.org/10.1016/j.forsciint.2011.04.�028
https://doi.org/10.1093/cvr/cvq043
https://doi.org/10.1016/j.jchf.2017.02.017
https://doi.org/10.1016/j.jchf.2017.02.017
https://doi.org/10.1016/j.jacc.2023.03.382
https://doi.org/10.1016/j.jacc.2023.03.382
https://doi.org/10.1016/j.redox.2022.102523
https://doi.org/10.1038/s42003-020-01408-z
https://doi.org/10.1007/s12012-016-9385-8
https://doi.org/10.1038/s41598-020-76273-1
https://doi.org/10.1038/s41598-020-76273-1
https://doi.org/10.1080/20009666.2021.1926614
https://doi.org/10.1016/j.ahj.2023.12.014
https://doi.org/10.1016/j.ijcard.2021.12.024
https://doi.org/10.1016/j.ijcard.2021.12.024
https://doi.org/doi: 10.1038/s44220-024-00282-6
https://doi.org/doi: 10.1038/s44220-024-00282-6
https://doi.org/10.1161/CIRCULATIONAHA.111.066688
https://doi.org/10.1161/CIRCULATIONAHA.111.066688
https://doi.org/10.1177/11782218231180043
https://doi.org/10.1016/j.jacc.2021.06.058
https://doi.org/10.1016/j.ijcard.2021.01.060
https://doi.org/10.3389/fcvm.2025.1566481
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Agrawal et al.

26. Thyagaturu HS, Bolton AR, Li S, Gonuguntla K, Kumar A, Bianco C, et al. Effect
of cocaine, amphetamine, and Cannabis use disorders on 30-day readmissions of
patients with heart failure. Curr Probl Cardiol. (2023) 48:101189. doi: 10.1016/j.
cpcardiol.2022.101189

27. National Inpatient Sample Database Documentation. Agency for Healthcare
Research and Quality. Available online at: https://hcup-us.ahrq.gov/nisoverview.
jsp#about (Accessed August 22, 2024).

28. Richardson S, Lin T, Li Y, Niu X, Xu M, Stander V, et al. Guidance for use of
weights: an analysis of different types of weights and their implications when using
SAS PROCs. Gen Psychiatr. (2019) 32:€100038. doi: 10.1136/gpsych-2018-100038

29. Tang W, HH, Tu XM. Applied categorical and count data analysis. (2023).

30. Khera R, Krumholz HM. With great power Comes great responsibility: big data
research from the national inpatient sample. Circ Cardiovasc Qual Outcomes. (2017)
10. doi: 10.1161/CIRCOUTCOMES.117.003846

31. Khera R, Angraal S, Couch T, Welsh JW, Nallamothu BK, Girotra S, et al.
Adherence to methodological standards in research using the national inpatient
sample. JAMA. (2017) 318:2011-8. doi: 10.1001/jama.2017.17653

32. Khera R, Pandey A, Kumar N, Singh R, Bano S, Golwala H, et al. Variation in
hospital use and outcomes associated with pulmonary artery catheterization in heart
failure in the United States. Circ Heart Fail. (2016) 9. doi: 10.1161/
CIRCHEARTFAILURE.116.003226

33. Healthcare Cost and Utilization Project. Overview of the National (Nationwide)
Inpatient Sample (NIS). Available online at: https://hcup-us.ahrq.gov/db/nation/nis/
nisdbdocumentation.jsp (Accessed January 01, 2025).

34. Han BCW, Jones CM, Einstein EB, Volkow ND. Methamphetamine use,
methamphetamine use disorder, and associated overdose deaths among US adults.
JAMA Psychiatry. (2021) 78:1329-42. doi: 10.1001/jamapsychiatry.2021.2588

35. O’Keefe EL, Dhore-Patil A, Lavie C]. Early-onset cardiovascular disease from
cocaine, amphetamines, alcohol, and marijuana. Can ] Cardiol. (2022) 38:1342-51.
doi: 10.1016/j.cjca.2022.06.027

36. Bhatia HS, Nishimura M, Dickson S, Adler E, Greenberg B, Thomas IC.
Clinical and echocardiographic outcomes in heart failure associated with
methamphetamine use and cessation. Heart. (2021) 107:741-7. doi: 10.1136/
heartjnl-2020-317635

37. Sliman S, Waalen ], Shaw D. Methamphetamine-associated congestive heart
failure: increasing prevalence and relationship of clinical outcomes to continued
use or abstinence. Cardiovasc Toxicol. (2016) 16:381-9. doi: 10.1007/s12012-
015-9350-y

38. Hendricks B, Sokos G, Kimble W, Dai Z, Adeniran O, Osman M, et al. Clinical
and demographic factors associated with stimulant use disorder in a rural heart failure
population. Drug Alcohol Depend. (2021) 229:109060. doi: 10.1016/j.drugalcdep.2021.
109060

39. Chen L-Y, Strain EC, Alexandre PK, Alexander GC, Mojtabai R, Martins SS.
Correlates of nonmedical use of stimulants and methamphetamine use in a
national sample. Addict Behav. (2014) 39:829-36. doi: 10.1016/j.addbeh.2014.
01.018

Frontiers in Cardiovascular Medicine

12

10.3389/fcvm.2025.1566481

40. Al-Yafeai Z, Ali S, Brown J, Venkataraj M, Bhuiyan MS, Mosa Faisal AS,
et al. Cardiomyopathy-associated hospital admissions among methamphetamine
users. JACC: Advances. (2024) 3:100840. doi: doi: 10.1016/j.jacadv.2024.100840

41. Beale AL, Meyer P, Marwick TH, Lam CS, Kaye DM. Sex differences in
cardiovascular pathophysiology: why women are overrepresented in heart failure
with preserved ejection fraction. Circulation. (2018) 138:198-205. doi: 10.1161/
CIRCULATIONAHA.118.034271

42. Lam CSP, Arnott C, Beale AL, Chandramouli C, Hilfiker-Kleiner D, Kaye DM,
et al. Sex differences in heart failure. Eur Heart J. (2019) 40:3859-3868c. doi: 10.1093/
eurheartj/ehz835

43. Jones CM, Compton WM, Mustaquim D. Patterns and characteristics of
methamphetamine use among adults - United States, 2015-2018. MMWR Morb
Mortal Wkly Rep. (2020) 69:317-23. doi: 10.15585/mmwr.mmé912al

44. Kind AJ, Jencks S, Brock ], Yu M, Bartels C, Ehlenbach W, et al. Neighborhood
socioeconomic disadvantage and 30-day rehospitalization: a retrospective cohort
study. Ann Intern Med. (2014) 161:765-74. doi: 10.7326/M13-2946

45. Amaro H, Sanchez M, Bautista T, Cox R. Social vulnerabilities for substance use:
stressors, ~socially toxic environments, and discrimination and racism.
Neuropharmacology. (2021) 188:108518. doi: 10.1016/j.neuropharm.2021.108518

46. Manja V, Nrusimha A, Gao Y, Sheikh A, McGovern M, Heidenreich PA, et al.
Methamphetamine-associated heart failure: a systematic review of observational
studies. Heart. (2023) 109:168-77. doi: 10.1136/heartjnl-2022-321610

47. Jones CM, Houry D, Han B, Baldwin G, Vivolo-Kantor A, Compton WM.
Methamphetamine use in the United States: epidemiological update and
implications for prevention, treatment, and harm reduction. Ann N Y Acad Sci.
(2022) 1508:3-22. doi: 10.1111/nyas.14688

48. Dickson SD, Thomas IC, Bhatia HS, Nishimura M, Mahmud E, Tu XM, et al.
Methamphetamine-Associated heart failure hospitalizations across the United States:
geographic and social disparities. ] Am Heart Assoc. (2021) 10:¢018370. doi: 10.
1161/JAHA.120.018370

49. Potter EL, Hopper I, Sen J, Salim A, Marwick TH. Impact of socioeconomic
status on incident heart failure and left ventricular dysfunction: systematic review
and meta-analysis. Eur Heart ] Qual Care Clin Outcomes. (2019) 5:169-79. doi: 10.
1093/ehjqcco/qcy047

50. Philbin EF, Dec GW, Jenkins PL, DiSalvo TG. Socioeconomic status as an

independent risk factor for hospital readmission for heart failure. Am ] Cardiol.
(2001) 87:1367-71. doi: 10.1016/S0002-9149(01)01554-5

51. Glynn PA, Molsberry R, Harrington K, Shah NS, Petito LC, Yancy CW, et al.
Geographic variation in trends and disparities in heart failure mortality in the
United States, 1999 to 2017. ] Am Heart Assoc. (2021) 10:e020541. doi: 10.1161/
JAHA.120.020541

52. Dominguez F, Adler E, Garcia-Pavia P. Alcoholic cardiomyopathy: an update.
Eur Heart J. (2024) 45:2294-305. doi: 10.1093/eurheartj/ehae362

53. Timko C, Han X, Woodhead E, Shelley A, Cucciare MA. Polysubstance use by

stimulant users: health outcomes over three years. J Stud Alcohol Drugs. (2018)
79:799-807. doi: 10.15288/jsad.2018.79.799

frontiersin.org


https://doi.org/10.1016/j.cpcardiol.2022.101189
https://doi.org/10.1016/j.cpcardiol.2022.101189
https://hcup-us.ahrq.gov/nisoverview.jsp#about
https://hcup-us.ahrq.gov/nisoverview.jsp#about
https://doi.org/10.1136/gpsych-2018-100038
https://doi.org/10.1161/CIRCOUTCOMES.117.003846
https://doi.org/10.1001/jama.2017.17653
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003226
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003226
https://hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://doi.org/10.1001/jamapsychiatry.2021.2588
https://doi.org/10.1016/j.cjca.2022.06.027
https://doi.org/10.1136/heartjnl-2020-317635
https://doi.org/10.1136/heartjnl-2020-317635
https://doi.org/10.1007/s12012-015-9350-y
https://doi.org/10.1007/s12012-015-9350-y
https://doi.org/10.1016/j.drugalcdep.2021.109060
https://doi.org/10.1016/j.drugalcdep.2021.109060
https://doi.org/10.1016/j.addbeh.2014.01.�018
https://doi.org/10.1016/j.addbeh.2014.01.�018
https://doi.org/doi: 10.1016/j.jacadv.2024.100840
https://doi.org/10.1161/CIRCULATIONAHA.118.034271
https://doi.org/10.1161/CIRCULATIONAHA.118.034271
https://doi.org/10.1093/eurheartj/ehz835
https://doi.org/10.1093/eurheartj/ehz835
https://doi.org/10.15585/mmwr.mm6912a1
https://doi.org/10.7326/M13-2946
https://doi.org/10.1016/j.neuropharm.2021.108518
https://doi.org/10.1136/heartjnl-2022-321610
https://doi.org/10.1111/nyas.14688
https://doi.org/10.1161/JAHA.120.018370
https://doi.org/10.1161/JAHA.120.018370
https://doi.org/10.1093/ehjqcco/qcy047
https://doi.org/10.1093/ehjqcco/qcy047
https://doi.org/10.1016/S0002-9149(01)01554-5
https://doi.org/10.1161/JAHA.120.020541
https://doi.org/10.1161/JAHA.120.020541
https://doi.org/10.1093/eurheartj/ehae362
https://doi.org/10.15288/jsad.2018.79.799
https://doi.org/10.3389/fcvm.2025.1566481
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Hospitalized patients and stimulant use-associated heart failure: importance of ejection fraction and related risk factors
	Introduction
	Methods
	Statistical analysis

	Results
	Demographic, risk factors, and trend analysis results for HFpEF hospital admissions
	Demographic, risk factors, and trend analysis results for HFrEF hospital admissions
	Adjusted odds ratio for HFpEF hospital admissions
	Adjusted odds ratio for HFrEF hospital admissions

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


