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A B S T R A C T

Background: Alcoholic liver disease (ALD) and nonalcoholic fatty liver disease (NAFLD) are major
drivers of liver-related mortality in the United States, but comparative long-term trends remain unclear.
Methods: We analyzed U.S. mortality data (1999–2023) from the CDC WONDER Underlying Cause of
Death database. ALD (ICD-10 K70.x) and NAFLD (K75.8, K76.0) deaths were identified. Age-adjusted
mortality rates (AAMRs) per 100,000 were calculated, and Joinpoint regression estimated annual percent
change (APC) with 95% confidence intervals (CI).
Results: ALD mortality rose from 6.71 in 1999 to 11.47 in 2023. Rates declined slightly in 1999–2006
(APC –0.51%; p = 0.25), then increased from 2006–2018 (APC 3.24%; p < 0.001) and 2018–2021
(APC 12.58%; p < 0.001), before declining after 2021 (APC –7.46%; p = 0.002). NAFLD mortality
increased more than sixfold, from 0.24 to 1.69, with the steepest rise in 2004–2021 (APC 11.82%;
p < 0.001). Men had higher ALD mortality, though women showed faster increases. ALD mortality
surged among younger adults (25–44 years; APC 25.02% in 2018–2021; p < 0.001), while NAFLD
was concentrated in older adults (≥65 years; AAMR 0.19 in 1999 vs 4.30 in 2023). State-level hotspots
included New Mexico (ALD AAMR 19.49) and West Virginia (NAFLD AAMR 1.24); these are
descriptive single-year (2023) rankings without confidence intervals and should not be interpreted as
stable geographic estimates.
Conclusions: ALD and NAFLD mortality have risen substantially but with divergent patterns: men had
higher absolute ALD mortality throughout the study period, while women experienced faster relative
increases; ALD was also disproportionately concentrated among younger adults and rural residents,
while NAFLD mainly impacts older adults in Southern and Midwestern states. These surveillance
findings highlight priority subgroups for targeted public health action.

1. Introduction
Chronic liver disease represents a growing public health challenge
worldwide, contributing to more than two million deaths annually [1].
In the United States, mortality from cirrhosis and related disorders
has increased dramatically over the last two decades, reversing
previous declines in liver-related deaths [2, 3]. Alcoholic liver
disease (ALD) and nonalcoholic fatty liver disease (NAFLD) are
two of the most common causes of chronic liver disease.
ALD, the hepatic manifestation of chronic and excessive alcohol
intake, is still a leading cause of cirrhosis, hepatocellular cancer,
and liver-related mortality [4]. In recent years, the United States
has seen an increase in alcohol use and high-intensity drinking,
particularly among young adults and women [5]. These alterations,
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combined with the COVID-19 pandemic, have led to an increase in
alcohol-related mortality [6].
Parallel to these trends, NAFLD has emerged as the most common
chronic liver disease worldwide, affecting approximately 25-30% of
adults in the United States [7]. NAFLD, which is strongly associated
with obesity, diabetes, and metabolic syndrome, is currently the
major cause of liver transplantation and hepatocellular cancer
[8, 9]. NAFLD-related mortality is increasing, particularly among
older persons, yet population-level mortality trends are still poorly
understood.
Despite recognition of these parallel epidemics, direct comparisons
of ALD and NAFLD mortality trends in the United States across de-
mographic and geographic subgroups are limited. Previous research
has examined liver disease mortality in general [2, 3], but few have
examined the temporal dynamics of ALD versus NAFLD or analyzed
differences by gender, age, area, and urbanization. Importantly, death-
certificate capture is likely less sensitive for NAFLD than for ALD,
because NAFLD is frequently underdiagnosed and undercoded;
direct comparisons of apparent mortality burden should therefore
be interpreted with this asymmetry in mind.
To address this gap, we conducted a comprehensive, population-
based analysis of ALD and NAFLD mortality in the United States
from 1999 to 2023, using nationally representative data from
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the CDC WONDER database. We aimed to quantify changes in
age-adjusted mortality rates (AAMRs), evaluate temporal trends
using joinpoint regression, and examine disparities by demographic,
regional, and urban–rural characteristics. By contrasting ALD and
NAFLD mortality, this study provides new insights into the evolving
burden of liver disease in the U.S. and highlights opportunities for
targeted interventions.

2. Methods

2.1. Study Design, Setting, and Population
We conducted a nationwide, population-based descriptive analysis
of mortality from alcoholic liver disease (ALD) and nonalcoholic
fatty liver disease (NAFLD) in the United States between 1999
and 2023. Mortality data were obtained from the CDC Wide-
Ranging Online Data for Epidemiologic Research (WONDER)
Underlying Cause of Death database, which compiles information
from death certificates for all 50 U.S. states and the District of
Columbia [10]. We identified deaths attributable to ALD using
the International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes K70.0, K70.1,
K70.2-4, and K70.9 and deaths attributable to NAFLD using ICD-
10 codes K75.8 and K76.0. These codes have been validated in
prior epidemiologic studies of liver-related mortality [11, 12]. Case
identification relied on the CDC WONDER underlying-cause-of-
death framework, which assigns a single underlying cause per
death certificate; no separate query-level exclusion of secondary
etiologies was applied. This approach improves specificity but likely
underestimates true NAFLD mortality, since NAFLD is more often
a contributing than an underlying cause on death certificates; this
limitation is discussed further below. Because this analysis utilized
de-identified, publicly available data, institutional review board
approval was not required. This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.

2.2. Variables and Data Abstraction
We extracted mortality data stratified by sex, age group, state of
residence, U.S. Census region, and urban–rural classification. Sex
was categorized as male or female. Age was analyzed in three
groups (25–44 years, 45–64 years, ≥65 years) to reflect meaningful
epidemiologic thresholds; deaths below age 25 were excluded
because they constitute a small and coding-variable proportion
of liver disease mortality. Urban–rural status was defined using
the 2013 National Center for Health Statistics (NCHS) Urban–
Rural Classification Scheme for Counties [13], which classifies
counties into six levels. For this analysis, the four metropolitan
levels (large central metro, large fringe metro, medium metro, and
small metro) were collapsed into a single "metropolitan" category,
and micropolitan and noncore counties were collapsed into a single
"nonmetropolitan" category. Geographic variations were assessed
using the four U.S. Census regions (Northeast, Midwest, South, and
West) [14].

2.3. Statistical Analysis
We calculated age-adjusted mortality rates (AAMRs) per 100,000
population as the primary analytic output; crude mortality rates were
calculated for completeness but are not reported in the results. Age
adjustment was performed using the direct method, standardized to
the 2000 U.S. standard population [15]. Absolute death counts are
reported for overall and major subgroup findings where available
from CDC WONDER.

Temporal mortality trends were analyzed using the Joinpoint Regres-
sion Program (National Cancer Institute, version 4.9.0.0). Joinpoint
regression fits log-linear models to detect statistically significant
changes (“joinpoints”) in trends over time [16]. We calculated
the annual percent change (APC) for each trend segment, along
with the corresponding 95% confidence intervals (CIs). Statistical
significance was determined using a two-sided t-test, with p < 0.05
indicating significance. Where multiple joinpoints were identified,
the model selected the optimal number of joinpoints using the
permutation test approach, as recommended by the NCI for Joinpoint
version 4.9.0.0 [16].
All statistical analyses accounted for population denominators from
the U.S. Census Bureau bridged-race intercensal and postcensal
estimates to ensure consistency across years. Results were stratified
and reported by demographic subgroups, region, and urbanization
to identify disparities in ALD- and NAFLD-related mortality.

3. Results

3.1. Overall Trends
Between 1999 and 2023, age-adjusted mortality rates (AAMR) for
alcoholic liver disease (ALD) and nonalcoholic fatty liver disease
(NAFLD) increased substantially in the United States. For ALD, the
AAMR rose from 6.71 per 100,000 in 1999 to 11.47 per 100,000 in
2023, while NAFLD-related mortality increased more than sixfold,
from 0.24 per 100,000 in 1999 to 1.69 per 100,000 in 2023, as
shown in Figure 1. NAFLD deaths increased from 385 (1999) to
4,728 (2023), totaling 43,235 deaths. ALD deaths rose from 11,948
to 28,593, with a total of 465,407 deaths (1999–2023).
Joinpoint regression revealed distinct temporal patterns. For ALD,
mortality initially declined between 1999 and 2006 (APC –0.51,
95% CI –1.41 to 0.41, p = 0.253), followed by a significant increase
between 2006 and 2018 (APC 3.24, 95% CI 2.84 to 3.64, p < 0.001).
The sharpest rise was observed between 2018 and 2021 (APC 12.58,
95% CI 7.23 to 18.19, corresponding to a peak of 33,051 ALD deaths
in 2021; p< 0.001), after which mortality significantly declined from
2021 to 2023 (APC –7.46, 95% CI –11.43 to –3.31, p = 0.002), as
shown in Figure 1.
For NAFLD, mortality remained relatively stable from 1999 to 2004
(APC 1.91, 95% CI –2.75 to 6.81, p = 0.405), followed by a steep
increase between 2004 and 2021 (APC 11.82, 95% CI 11.35 to 12.29,
p < 0.001). From 2021 to 2023, mortality remained flat (APC 2.54;
95% CI –4.78 to 10.41; p = 0.485), as shown in Figure 1.

3.2. Sex-Specific Trends
Among women with ALD, mortality rose from 3.25 in 1999 to
7.41 in 2023 per 100,000. Trends were stable from 1999 to 2006
(APC 0.53, 95% CI –0.71 to 1.78, p = 0.377), followed by a rapid
increase from 2006 to 2018 (APC 4.48, 95% CI 3.96 to 5.00, p <
0.001) and a pronounced surge from 2018 to 2021 (APC 14.03, 95%
CI 7.80 to 20.62, p < 0.001). A significant decline was observed
thereafter (APC –6.80, 95% CI –11.64 to –1.70, p = 0.013), as shown
in Figure 1. Among females, ALD deaths increased from 3,034 in
1999 to 9,167 in 2023, peaking at 10,482 in 2021.
In men, ALD mortality was consistently higher, rising from 10.64 in
1999 to 15.81 in 2023 per 100,000. Mortality declined from 1999 to
2005 (APC –1.57, 95% CI –2.72 to –0.40, p = 0.012), then increased
from 2005 to 2018 (APC 2.52, 95% CI 2.15 to 2.90, p < 0.001), and
accelerated sharply between 2018 and 2021 (APC 11.90, 95% CI
6.35 to 17.74, p < 0.001). This was followed by a significant decline
between 2021 and 2023 (APC –7.68, 95% CI –12.12 to –3.03, p =
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0.004), as shown in Figure 1. In males, ALD deaths increased from
8,914 in 1999 to 19,426 in 2023, peaking at 22,569 in 2021.
For NAFLD, mortality among women increased from 0.19 in 1999
to 1.93 in 2023 per 100,000. Rates were stable between 1999 and
2002 (APC 1.86, 95% CI –13.87 to 20.47, p = 0.819), rose markedly
between 2002 and 2021 (APC 12.68, 95% CI 12.06 to 13.31, p <
0.001), and then plateaued after 2021 (APC 0.96, 95% CI –8.41 to
11.28, p = 0.839), as shown in Figure 1. Female NAFLD deaths
increased from 178 in 1999 to 2,956 in 2023.
In men, NAFLD mortality rose from 0.23 in 1999 to 1.37 in 2023
per 100,000. Mortality increased steadily from 1999 to 2013 (APC
6.78, 95% CI 5.17 to 8.40, p < 0.001), accelerated sharply from
2013 to 2018 (APC 16.63, 95% CI 10.20 to 23.45, p < 0.001), and
continued to rise, though at a slower pace, from 2018 to 2023 (APC
6.17, 95% CI 3.36 to 9.06, p < 0.001), as shown in Figure 1. Male
NAFLD deaths rose from 207 in 1999 to 1,772 in 2023.

3.3. Urban–Rural Disparities
Alcoholic Liver Disease (ALD).

Among metropolitan populations, the age-adjusted mortality rate
(AAMR) for ALD increased from 6.77 per 100,000 in 1999 to 11.67
per 100,000 in 2020 (Note: Urban–rural-stratified data from CDC
WONDER were available only through 2020 at the time of analysis;
findings for this subgroup therefore reflect 1999–2020). Joinpoint
analysis demonstrated an initial decline between 1999 and 2005
(APC –1.34, 95% CI –2.41 to –0.26, p = 0.019), followed by a
significant rise during 2005–2018 (APC 2.92, 95% CI 2.58–3.25, p
< 0.001) and an accelerated increase between 2018 and 2020 (APC
11.38, 95% CI 6.30–16.71, p < 0.001), as shown in Figure 2. ALD
deaths in metropolitan areas increased from 9,955 in 1999 to 24,208
in 2020.
In nonmetropolitan areas, AAMR rose from 6.64 in 1999 to 15.22
in 2020. Mortality remained relatively stable from 1999–2006 (APC
0.48, 95% CI –1.13 to 2.11, p = 0.538) but increased sharply between
2006–2018 (APC 4.27, 95% CI 3.54–5.00, p < 0.001), with a further
surge during 2018–2020 (APC 16.63, 95% CI 7.22–26.85, p = 0.002),
as shown in Figure 2. ALD deaths in nonmetropolitan areas increased
from 1,993 in 1999 to 5,267 in 2020.
Nonalcoholic Fatty Liver Disease (NAFLD).

In metropolitan populations, NAFLD-related mortality increased
from 0.24 in 1999 to 1.32 in 2020. No significant change was
observed in 1999–2004 (APC 0.38, 95% CI –3.62 to 4.55, p =
0.845), followed by a marked rise from 2004–2020 (APC 11.52, 95%
CI 11.00–12.03, p < 0.001), as shown in Figure 2. NAFLD deaths
increased in metropolitan areas from 340 in 1999 to 2,994 in 2020.
In nonmetropolitan areas, the AAMR increased from 0.15 in 1999
to 2.01 in 2020, with a sustained and steep increase across the entire
period (APC 14.27, 95% CI 13.58–14.96, p < 0.001), as shown in
Figure 2. The number of deaths also increased in nonmetropolitan
areas from 45 in 1999 to 861 in 2020.

3.4. Regional Trends
Alcoholic Liver Disease (ALD).

Regional disparities in ALD mortality were evident across the U.S.
Census regions. In the Northeast, AAMR increased from 4.86 in
1999 to 7.34 in 2023. Mortality declined during 1999–2005 (APC
–2.33, 95% CI –3.91 to –0.72, p = 0.008), followed by a significant
rise in 2005–2018 (APC 3.07, 95% CI 2.54–3.59, p < 0.001) and a
sharp surge during 2018–2021 (APC 11.84, 95% CI 3.97–20.30, p

= 0.005), before a recent decline in 2021–2023 (APC –7.21, 95%
CI –13.32 to –0.67, p = 0.034), as shown in Figure 3.
In the Midwest, AAMR rose from 5.35 to 11.27. Rates were stable
in 1999–2006 (APC 0.37, 95% CI –0.89 to 1.65, p = 0.541), then
increased sharply during 2006–2018 (APC 4.17, 95% CI 3.62–4.73,
p < 0.001) and 2018–2021 (APC 15.81, 95% CI 8.54–23.57, p <
0.001), followed by a decline in 2021–2023 (APC –7.89, 95% CI
–13.51 to –1.90, p = 0.014), as shown in Figure 3.
In the South, AAMR increased from 6.22 to 10.31. Mortality
decreased in 1999–2008 (APC –1.19, 95% CI –1.99 to –0.38, p
= 0.007), rose substantially during 2008–2018 (APC 4.28, 95% CI
3.57–5.01, p < 0.001) and 2018–2021 (APC 12.47, 95% CI 5.87–
19.49, p = 0.001), then declined in 2021–2023 (APC –7.27, 95% CI
–12.52 to –1.70, p = 0.015), as shown in Figure 3.
In the West, AAMR was the highest, increasing from 10.93 to 16.75.
Mortality remained stable during 1999–2005 (APC –0.34, 95% CI
–1.46 to 0.78, p = 0.512), rose during 2005–2015 (APC 2.75, 95%
CI 2.22–3.28, p < 0.001), then plateaued in 2015–2018 (APC –1.19,
95% CI –6.00 to 3.87, p = 0.608), followed by a surge during 2018–
2021 [APC 12.81, 95% CI 7.64 to 18.25, p < 0.001], before declining
recently in 2021–2023 (APC –7.50, 95% CI –11.47 to –3.34, p =
0.002), as shown in Figure 3.
Nonalcoholic Fatty Liver Disease (NAFLD).

In the Northeast, NAFLD-related mortality rose from 0.20 in 1999
to 1.24 in 2023. No change was observed in 1999–2007 (APC –0.22,
95% CI –4.30 to 4.03, p = 0.912), but rates increased during 2007–
2017 (APC 14.11, 95% CI 11.47–16.82, p < 0.001) and 2017–2023
(APC 6.71, 95% CI 3.70–9.80, p < 0.001), as shown in Figure 3.
In the Midwest, AAMR increased from 0.19 to 1.91. Mortality was
stable in 1999–2004 (APC 1.58, 95% CI –6.12 to 9.91, p = 0.670),
with a non-significant surge in 2004–2007 (APC 30.16, 95% CI –2.80
to 74.30, p = 0.072), then rose significantly in 2007–2012 (APC
7.95, 95% CI 1.45–14.87, p = 0.020) and 2012–2020 (APC 14.65,
95% CI 12.44–16.91, p < 0.001), before plateauing in 2020–2023
(APC 2.84, 95% CI –2.48 to 8.45, p = 0.270), as shown in Figure 3.
In the South, AAMR rose from 0.21 to 1.83. Mortality remained
stable in 1999–2006 (APC 2.58, 95% CI –1.44 to 6.76, p = 0.197),
followed by a steep increase in 2006–2021 (APC 13.44, 95% CI
12.69–14.19, p < 0.001), then stabilized in 2021–2023 (APC 0.85,
95% CI –6.79 to 9.12, p = 0.823), as shown in Figure 3.
In the West, AAMR increased from 0.30 to 1.55. Mortality showed
no change during 1999–2001 (APC –9.51, 95% CI –37.69 to 31.41,
p = 0.582), but rose steadily during 2001–2023 (APC 9.54, 95% CI
8.94–10.15, p < 0.001), as shown in Figure 3.

3.5. Age-Group Disparities
Alcoholic Liver Disease (ALD). Ages 25–44 years: The AAMR
rose from 2.89 in 1999 to 6.11 in 2023. Mortality initially declined
between 1999 and 2006 (APC: –2.95; 95% CI: –4.66 to –1.2; p
= 0.003), followed by a significant increase from 2006 to 2018
(APC: 3.84; 95% CI: 2.97–4.72; p < 0.001). The most dramatic rise
occurred from 2018 to 2021 (APC: 25.02; 95% CI: 14.12–36.96; p
< 0.001), after which rates declined between 2021 and 2023 (APC:
–9.48; 95% CI: –16.41 to –1.98; p = 0.018), as shown in Figure 4.
Ages 45–64 years: The AAMR increased from 11.03 in 1999 to
17.89 in 2023. Mortality remained stable from 1999 to 2005 (APC:
0.07; 95% CI: –0.83 to 0.99; p = 0.861), then rose significantly
between 2005 and 2015 (APC: 3.51; 95% CI: 3.08–3.93; p < 0.001).
A nonsignificant change was observed from 2015 to 2018 (APC:
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Figure 1: Sex-Stratified ALD and NAFLD-related AAMR per 100,000 in the United States from 1999 to 2023.

0.38; 95% CI: –3.59 to 4.52; p = 0.839), followed by a marked
increase between 2018 and 2021 (APC: 11.17; 95% CI: 7.02–15.48;
p < 0.001). Mortality then declined between 2021 and 2023 (APC:
–9.04; 95% CI: –12.31 to –5.64; p < 0.001), as shown in Figure 4.
Ages ≥65 years: The AAMR rose from 8.14 in 1999 to 12.84 in
2023. Mortality was stable between 1999 and 2011 (APC: –0.47;
95% CI: –1.10 to 0.17; p = 0.139), followed by a sharp rise from 2011
to 2021 (APC: 5.88; 95% CI: 5.07–6.70; p < 0.001). No significant
change was observed between 2021 and 2023 (APC: –0.01; 95% CI:
–6.23 to 6.63; p = 0.998), as shown in Figure 4.
Nonalcoholic Fatty Liver Disease (NAFLD). Ages 25–44 years:
AAMR remained stable (0.21 in 1999 vs. 0.21 in 2023). Mortality
declined nonsignificantly from 1999 to 2019 (APC: –0.46; 95% CI:

–1.11 to 0.19; p = 0.157) but rose sharply between 2019 and 2023
(APC: 11.30; 95% CI: 2.25–21.15; p = 0.016), as shown in Figure 4.
Ages 45–64 years: AAMR increased from 0.30 in 1999 to 1.27 in
2023, with a consistent rise throughout the study period (APC: 7.38;
95% CI: 6.96–7.80; p < 0.001), as shown in Figure 4.
Ages ≥65 years: AAMR rose steeply from 0.19 in 1999 to 4.30
in 2023. Mortality increased significantly between 1999 and 2019
(APC: 18.24; 95% CI: 16.90–19.60; p < 0.001), followed by a
nonsignificant decline from 2019 to 2023 (APC: –3.51; 95% CI:
–7.31 to 0.44; p = 0.078).
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Figure 2: Urbanization-Stratified ALD and NAFLD-related AAMR per 100,000 in the United States from 1999 to 2020.

3.6. Geographic Variation
For ALD, the states with the highest age-adjusted mortality rates
(AAMRs) in 2023 were New Mexico (19.49 per 100,000), Wyoming
(15.67), South Dakota (15.66), Oregon (13.66), Arizona (13.43),
Montana (13.08), and Alaska (12.99). These rankings are based on
single-year (2023) estimates without confidence intervals or multi-
year smoothing and should be interpreted as descriptive snapshots
only.
For NAFLD, the highest AAMRs were observed in West Virginia
(1.24 per 100,000), Kentucky (1.15), Tennessee (1.13), South
Carolina (1.11), Oklahoma (1.09), Vermont (1.04), and North
Carolina (0.97). These NAFLD state rankings are likewise single-
year 2023 estimates and should be interpreted as descriptive and
exploratory.

4. Discussion
In this large, population-based analysis of U.S. mortality data span-
ning 1999–2023, we found that both ALD and NAFLD demonstrated
substantial and distinct increases in mortality. ALD mortality rose
from 6.71 per 100,000 in 1999 to 11.47 per 100,000 in 2023, while
NAFLD mortality increased more than sixfold during the same
period. Importantly, our joinpoint analysis identified key inflection
points that temporally coincide with previously reported shifts in
alcohol consumption, obesity trends, and the COVID-19 pandemic;
however, because this is a descriptive study, causal attribution cannot
be made.
4.1. Trends in ALD Mortality
The trajectory of ALD mortality points to a serious public health
crisis. Following a minor reduction in the early 2000s, rates rose
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Figure 3: Region-Stratified ALD and NAFLD-related AAMR per 100,000 in the United States from 1999 to 2023.

sharply from 2006 onwards, with the most drastic spike occurring
between 2018 and 2021. This spike temporally coincides with
reports of rising alcohol consumption, particularly binge drinking,
among young adults and women in the United States [5, 17], though
this study cannot establish causation. The COVID-19 pandemic
has been associated with worsened risky drinking habits, and the
2020–2021 acceleration in ALD mortality is consistent with this
hypothesis. However, causal attribution cannot be established from
these descriptive data [6]. Although we saw a drop after 2021, rates
remain significantly higher than 25 years ago, highlighting ongoing
hazards. Our findings are consistent with previous research indicating
that alcohol-related liver disease mortality is increasing in younger
cohorts and among women [2, 3].

4.2. Trends in NAFLD Mortality
In contrast, NAFLD mortality increased continuously over the
study period, with the largest increase occurring between 2004 and
2021. This pattern mirrors the concurrent rise of obesity, metabolic
syndrome, and type 2 diabetes in the US population [7, 18]. Since
1999, NAFLD mortality in older persons (≥65 years) has grown
about 20-fold, making this group the epicenter of the disease burden.
While ALD mortality decreased after 2021, NAFLD mortality
plateaued rather than declining, suggesting a stronger association
with long-term metabolic risk factors than with acute behavioral
changes. Previous research has identified NAFLD as the fastest-
growing indication for liver transplantation, particularly among
women and the elderly [8, 9], which aligns with our findings.
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Figure 4: Age Group-Stratified ALD and NAFLD-related AAMR per 100,000 in the United States from 1999 to 2023.

4.3. Sex- and Age-Specific Patterns
Men consistently exhibited higher ALD mortality than women,
although women had a faster relative rise, particularly after 2006. Bi-
ological vulnerability to alcohol’s hepatotoxic effects, together with
reducing gender disparities in alcohol intake, are likely contributing
factors [19, 20]. Younger adults (25–44 years) had the greatest
relative increases in ALD mortality, which is consistent with recent
evidence of worsening alcohol use and cirrhosis deaths in younger
cohorts [21, 22]. In contrast, NAFLD mortality was concentrated
among older persons, indicating the combined burden of obesity
and diabetes [23]. These findings emphasize the importance of
interventions tailored to participants’ age and gender.

4.4. Urban–Rural and Regional Disparities
We found marked urban-rural disparities, with non-metropolitan
locations having disproportionately greater ALD mortality, espe-
cially after 2006. Rural populations confront distinct issues, such
as greater rates of heavy drinking, poverty, and limited access to
hepatology care [24, 25]. NAFLD mortality also increased faster in
non-metropolitan areas, most likely reflecting similar rises in obesity
and diabetes [26].
Regional disparities were also striking: the West always had the
largest ALD burden, whereas the Midwest and South experienced the
fastest recent rises. NAFLD mortality was highest in the South and
Midwest, which have the highest obesity and diabetes rates [27, 28].
These findings are consistent with previous research indicating
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a geographic clustering of advanced liver disease and transplant
requirements [29].

4.5. State-Level Hotspots
The states with the greatest ALD death rates in 2023 were New
Mexico, Wyoming, and South Dakota. Prior research has revealed
that New Mexico, in particular, has persistently high alcohol-related
mortality [30, 31]. NAFLD mortality was highest in West Virginia,
Kentucky, and Tennessee [32]. These state-level rankings reflect
single-year (2023) descriptive estimates without confidence intervals
and should be interpreted as hypothesis-generating observations
rather than findings from this analysis. Prior literature documents
associations with socioeconomic and geographic factors in these
states, but such variables were not analyzed here. Targeted, state-
level public health initiatives remain important regardless of year-
to-year ranking variation.

4.6. Public Health and Clinical Implications
Our findings underscore the urgent need for dual interventions
to reduce liver-related mortality. Interventions for ALD, such as
alcohol taxation, lower outlet density, and greater access to alcohol
use disorder treatment, have been shown to lessen harm [33, 34].
Comprehensive metabolic risk reduction will be critical for NAFLD,
including obesity avoidance, diabetes control, and pharmaceutical
advancements in NASH treatment [35, 36]. Screening measures,
including non-invasive fibrosis testing, should be prioritized in high-
risk groups [37]. These findings have significant implications for
health equity, particularly regarding the sex, age, geographic, and
urban–rural disparities identified in this analysis. Addressing these
disparities will require targeted public health strategies that account
for differential access to care and regional variation in the burden of
metabolic and behavioral risks.

4.7. Strengths and Limitations
This study has several important strengths. First, it draws on nearly
25 years of nationally representative mortality data from the CDC’s
WONDER database, assuring broad coverage while minimizing
selection bias. Second, we used joinpoint regression analysis to
identify temporal inflection points in mortality patterns, thereby
providing a more detailed understanding of acceleration and decline.
Third, stratification by sex, age group, urbanization, and census
region allowed us to identify major demographic and geographic
inequalities, highlighting those most at risk. Finally, by studying
both alcoholic and nonalcoholic fatty liver disease, our study offers
a comparative view on two of the most significant and expanding
causes of liver-related death. Nevertheless, several limitations must
be acknowledged. First, misclassification and underreporting on
death certificates are still possible; ALD may be miscoded as
nonspecific cirrhosis, but NAFLD is frequently underdiagnosed and
undercoded when compared to ALD. Second, NAFLD cannot be
consistently separated from nonalcoholic steatohepatitis (NASH) in
death certificate data, restricting our capacity to evaluate severity-
specific patterns. Third, changes in coding techniques and diagnostic
awareness over time may have contributed to observed increases
in mortality, notably for NAFLD. Fourth, mortality statistics do
not include individual-level risk factors such as alcohol usage,
BMI, diabetes status, or socioeconomic indicators, preventing causal
inferences. Fifth, while our research finds urban-rural and regional
discrepancies, it does not account for migratory patterns, healthcare
availability, or cultural variables that could explain these differences.
Sixth, because this is an ecological analysis, caution is warranted in
attributing observed patterns to specific individual-level exposures.
Seventh, restricting analyses to underlying-cause deaths likely
underascertains liver disease mortality, particularly for NAFLD; this

asymmetry probably biases apparent NAFLD estimates downward
relative to ALD. Eighth, the NAFLD case definition (K75.8 or
K76.0) may differ from that used in studies that use K76.0 alone;
sensitivity analyses were not feasible but are recommended for future
work. Ninth, urban–rural data were limited to 1999–2020 due to
availability constraints. Tenth, state-level estimates are single-year
2023 snapshots without confidence intervals. Eleventh, underlying-
cause coding does not capture mixed alcohol–metabolic liver disease,
making the boundary between ALD and NAFLD less distinct than
implied.

5. Conclusion
ALD and NAFLD mortality have risen markedly in the United
States over the past quarter-century, but with divergent demographic
and geographic patterns. Men had higher absolute ALD mortality
throughout the study period, while women experienced faster relative
increases; ALD mortality was also disproportionately concentrated
among younger adults and rural residents, while NAFLD primarily
impacts older adults and the Southern U.S. states. These findings
underscore the urgent need for enhanced surveillance and targeted
public health action in high-burden demographic and geographic
subgroups. Future analytical studies with individual-level data are
needed to evaluate causal pathways driving these trends.
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