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Abstract 

Background: COPD and lung cancer are major global respiratory diseases, with COPD causing 
irreversible airflow limitation and lung cancer remaining a leading cause of cancer-related 
deaths.Analyzing mortality trends and health disparities is crucial for shaping effective public health 
policies and refining prevention strategies for diseases like COPD and lung cancer. Methods: Data 
was extracted from the CDC WONDER database, the ICD-10 codes used were C34.0-C34.3, C34.8, 
C34.9 and J41-J44. Age groups were categorized from 25 to 85 and above. We applied Joinpoint 
regression to calculate both annual and average annual percent change (AAPC) in mortality trends. 
Data were analyzed based on demographics, census regions, and levels of urbanization. Results: 
From 1999 to 2020 the total deaths recorded in U.S. were 484941. There was a significant decrease in 
the AAMR from 1999-2020 (AAPC: -1.40; 95% CI -1.79 to –1.00). COPD and lung cancer-related 
AAMRs were consistently higher in males than females, with NH White individuals having the 
highest rates and NH Asian or Pacific Islanders the lowest. Most racial groups saw declining 
mortality trends from 1999 to 2020, with notable reductions among Hispanics and NH Asian or 
Pacific Islanders, while NH White individuals initially experienced a slight increase before a steady 
decline. Nonmetropolitan areas consistently exhibited higher mortality rates than metropolitan areas, 
initially rising before trending downward, while metropolitan regions saw a continuous decline. 
Mortality patterns varied by location, with most deaths occurring at home or in medical facilities. 
Regionally, the Midwest reported the highest AAMR, while West Virginia had the highest state-level 
mortality rate and Utah the lowest. Conclusion: Although COPD and lung cancer mortality have 
declined overall, persistent disparities across gender, race, and geographic regions underscore 
inequities in healthcare access. Targeted interventions are essential to bridge these gaps and improve 
COPD and lung cancer care nationwide. 
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1. Introduction 

Chronic Obstructive Pulmonary Disease (COPD) and lung cancer are two most consequential 
respiratory pathologies globally, both in terms of prevalence and mortality. COPD is a progressive 
inflammatory disease having irreversible airflow limitation, often resulting from amassed exposure 
to noxious stimuli such as tobacco smoke and environmental pollutants [1] 
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Lung cancer, especially non-small cell lung carcinoma, remains one of the leading cause of 
cancer-related deaths in United States, frequently developing in the setting of chronic airway 
inflammation and epithelial injury [2,3] 

Over the past two decades, the landscape of respiratory mortality in the U.S. has evolved, 
conditioned by shifts in smoking behaviours, environmental regulations, screening practices, and 
healthcare access. Despite over all declines in smoking prevalence, discrepancies persist: Black men, 
individuals in socioeconomically disadvantaged regions, and rural populations contimue to 
experience disproportionate burdens of disease and death [4,5] 

Notably, the junction between COPD and lung cancer is of surging interest, with increasing data 
suggesting that COPD is not only a comorbidity but an independent risk factor for lung 
carcinogenesis, potentially via pathways such as chronic oxidative stress, epithelial-mesenchymal 
transition and inflammatory cytokine-driven DNA damage [6,7]. 

2. Methods 

2.1. Study Setting and Population 

This retrospective population study utilized data produced by the National Center for Health 
Statistics (NCHS) which is publically available through the Centers for Disease Control and 
Prevention’s Wide-ranging Online Data for Epidemiologic Research (CDC WONDER) database1. 
Multiple Cause-of-Death certificates were studied to analyze temporal trends in COPD and lung 
cancer-related mortality among adults aged ≥25 in the United States from 1999 to 2020 [8]. 
International Statistical Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10) 
codes: J41-J44 for COPD and C34 for lung cancer were used. Previous studies also applied the same 
codes. Institutional review board (IRB) permission was not mandated, as the study employed 
publicly available, unrestricted, and fully anonymized data. The reporting of this observational study 
followed the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) 
guidelines [9]. 

2.2. Data Extraction 

Data were abstracted and classified by year of occurrence, population size, number of deaths, 
place of death, demographics, geographic division, census region, and state. Demographic variables 
comprised race, ethnicity, gender, and age. Race was documented as Hispanic or Latino, non-
Hispanic (NH) Black or African American, White, American Indian or Alaska Native, and Asian or 
Pacific Islander. Location of death was recorded as a medical facility (including outpatient, 
emergency room, inpatient, and death on arrival), home, hospice, nursing home/long-term care 
facility, and unknown. 

Census regions were segmented into Northeast, Midwest, South, and West, in accordance with 
U.S. Census Bureau characterizations [10]. The dataset comprises death certificates from all 50 U.S. 
states and the District of Columbia [11]. Besides, urban and rural categorizations were defined using 
the 2013 National Center for Health Statistics Urban-Rural Classification Scheme. They classified 
counties into metropolitan and non-metropolitan regions based on population size, with urban 
(metropolitan) regions including counties with populations of ≥50,000, and rural (non-metropolitan) 
areas including counties with populations less than 50,000 [12]. 

2.3. Statistical Analysis 

This study analyzed COPD and lung cancer related mortality from 1999 to 2020 in the United 
States. To evaluate regional and demographic patterns, crude mortality rates (CMR) and age-adjusted 
mortality rates (AAMRs) were calculated per 100,000 individuals. Rates were stratified by year, sex, 
race/ethnicity, age group, urbanization level, and census region, with corresponding 95% confidence 
intervals (CIs) documented. CMRs were obtained by dividing total deaths due to COPD and lung 
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cancer comorbidity by the respective U.S. population on an annual basis [13]. To enable temporal 
comparison AAMRs were standardised to the 2000 U.S. population. 

Trends in mortality were analysed using the Joinpoint Regression Program (Version 5.3.0, 
released November 12, 2024) developed by the National Cancer Institute (NCI) [14]. This program 
provides log-linear regression models to pinpoint changes in AAMRs and calculate annual percent 
change (APC) with 95% CIs. Average Annual Percent Change (AAPC) over the study period (1999–
2020) was calculated as a weighted average of the APCs. The number of joinpoints varied from 0 to 
4, following NCI guidelines. The final model selected by the software was based on the permutation 
test with 4,499 iterations. The parametric method was employed to compute APCs, AAPCs, and their 
CIs. Trends were assumed statistically significant if the two-tailed P-value was <0.05, based on t-tests. 

3. Results 

3.1. Annual Trends in COPD and Lung Cancer Related AAMR 

A total of 89,162 death certificates were analyzed between 1999 and 2020. There was a significant 
decrease in the AAMR from 1999-2020 (AAPC: -1.40; 95% CI -1.79 to –1.009; p <0.000001) There was 
a non-significant increase in AAMR from 1999 to 2005 (APC: 0.07; 95% CI -1.19 to 1.36; p=0.900125) 
followed by a significant decrease till 2020 (APC: -1.98; 95% CI -2.29 to -1.68; p<0.000001) [Table 5]. 

Table 5. Urbanizarion- Stratified COPD and lung cancer related mortality Per 100,000 In The United States,1999-
2020. 

YEAR 
       

METROPOLITAN 
                       NON-

METROPOLITAN 

1999 
10.92 

(10.75 - 11.09) 
13.42 

(13.03 - 13.81) 

2000 
10.84 

(10.67 - 11.01) 
13.92 

(13.52 - 14.32) 

2001 
10.74 

(10.57 - 10.90) 
14.17 

(13.77 - 14.58) 

2002 
10.81 

(10.65 - 10.98) 
14.68 

(14.27 - 15.08) 

2003 
10.61 

(10.45 - 10.77) 
14.66 

(14.25 - 15.06) 

2004 
10.76 

(10.59 - 10.92) 
14.75 

(14.34 - 15.15) 

2005 
10.88 

(10.71 - 11.04) 
15.08 

(14.67 - 15.48) 

2006 
10.77 

(10.61 - 10.93) 
14.76 

(14.37 - 15.16) 

2007 
10.76 

(10.60 - 10.92) 
15.37 

(14.97 - 15.78) 

2008 
9.43 

(9.28 - 9.57) 
13.36 

(12.99 - 13.74) 

2009 
9.50 

(9.35 - 9.65) 
13.32 

(12.95 - 13.69) 

2010 
9.57 

(9.42 - 9.72) 
13.38 

(13.01 - 13.75) 
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2011 
9.25 

(9.10 - 9.39) 
13.59 

(13.22 - 13.96) 

2012 
9.25 

(9.11 - 9.39) 
13.27 

(12.91 - 13.63) 

2013 
9.17 

(9.03 - 9.30) 
13.25 

(12.89 - 13.61) 

2014 
8.69 

(8.56 - 8.82) 
12.90 

(12.55 - 13.25) 

2015 
8.46 

(8.33 - 8.59) 
13.13 

(12.78 - 13.48) 

2016 
8.53 

(8.40 - 8.66) 
12.98 

(12.63 - 13.32) 

2017 
8.15 

(8.03 - 8.27) 
12.97 

(12.62 - 13.31) 

2018 
7.87 

(7.75 - 7.99) 
12.78 

(12.44 - 13.12) 

2019 
7.88 

(7.76 - 8.00) 
12.60 

(12.27 - 12.93) 

2020 
7.86 

(7.74 - 7.98) 
12.94 

(12.61 - 13.28) 

3.2. COPD and Lung Cancer Related AAMR Stratified by Gender 

The overall AAMR was reported to be higher in males than females (13.02; 95% CI: 12.97-13.07 
vs 8.02; 95% CI: 7.98-8.05). Among male, there was an overall significant decrease in AAMR from 
1999-2020 (AAPC: -2; 95% CI -3 to -2; p<0.000001). There was a decrease in AAMR from 16.32 in 1999 
to 15.31 in 2006 (APC: -0.76; 95% CI -1.32 to -0.20; p=0.010886), followed by a further decrease to 12.97 
till 2009 (APC: -5.12; 95% CI -8.95 to -1.13; p=0.016021). This was finally followed by a decrease to 
10.42 till 2020 (APC: -2.15; 95% CI -2.43 to -1.87; p <0.000001). Among females there was an overall 
significant decrease in AAMR from 1999-2020 (AAPC: -1; 95% CI -1 to -0; p=0.004344). There was an 
increase in AAMR from 8.03 in 1999 to 8.87 in 2005 (APC: 1.51; 95% CI 0.25 to 2.78; p=0.0021139), 
followed by a decrease to 7.35 till 2020 (APC: -1.36; 95% CI -1.64 to -1.08; p<0.000001) [Table 4]. 

Table 4. Overall and gender- Stratified COPD and lung cancer related mortality Per 100,000 In The United 
States,1999-2020. 

Year Female Overall Male 

1999 
8.03 

(7.86 - 8.21) 
11.37 

(11.21 - 11.52) 
16.32 

(16.03 - 16.62) 

2000 
8.18 

(8.01 - 8.36) 
11.39 

(11.23 - 11.55) 
16.14 

(15.85 - 16.44) 

2001 
8.39 

(8.22 - 8.57) 
11.35 

(11.20 - 11.51) 
15.74 

(15.46 - 16.03) 

2002 
8.57 

(8.39 - 8.75) 
11.54 

(11.38 - 11.69) 
15.87 

(15.59 - 16.16) 

2003 
8.57 

(8.40 - 8.75) 
11.34 

(11.19 - 11.50) 
15.35 

(15.07 - 15.62) 
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2004 
8.69 

(8.52 - 8.87) 
11.47 

(11.32 - 11.62) 
15.44 

(15.16 - 15.71) 

2005 
8.87 

(8.69 - 9.05) 
11.66 

(11.51 - 11.81) 
15.57 

(15.30 - 15.85) 

2006 
8.79 

(8.62 - 8.97) 
11.48 

(11.33 - 11.63) 
15.31 

(15.04 - 15.58) 

2007 
9.10 

(8.92 - 9.27) 
11.59 

(11.44 - 11.74) 
15.09 

(14.82 - 15.35) 

2008 
8.07 

(7.91 - 8.24) 
10.14 

(10.00 - 10.28) 
13.03 

(12.78 - 13.27) 

2009 
8.17 

(8.01 - 8.34) 
10.18 

(10.04 - 10.32) 
12.97 

(12.73 - 13.21) 

2010 
8.16 

(8.00 - 8.33) 
10.25 

(10.11 - 10.39) 
13.11 

(12.87 - 13.35) 

2011 
8.06 

(7.90 - 8.22) 
10.00 

(9.86 - 10.13) 
12.63 

(12.40 - 12.86) 

2012 
8.15 

(7.99 - 8.31) 
9.94 

(9.81 - 10.07) 
12.35 

(12.13 - 12.58) 

2013 
8.13 

(7.97 - 8.29) 
9.88 

(9.75 - 10.01) 
12.18 

(11.96 - 12.40) 

2014 
7.79 

(7.64 - 7.94) 
9.41 

(9.28 - 9.53) 
11.57 

(11.36 - 11.78) 

2015 
7.71 

(7.56 - 7.86) 
9.26 

(9.14 - 9.39) 
11.28 

(11.08 - 11.49) 

2016 
7.65 

(7.50 - 7.80) 
9.29 

(9.16 - 9.41) 
11.42 

(11.22 - 11.62) 

2017 
7.49 

(7.34 - 7.63) 
8.97 

(8.85 - 9.09) 
10.84 

(10.65 - 11.04) 

2018 
7.23 

(7.09 - 7.37) 
8.68 

(8.56 - 8.79) 
10.59 

(10.40 - 10.78) 

2019 
7.28 

(7.14 - 7.42) 
8.68 

(8.57 - 8.79) 
10.49 

(10.30 - 10.68) 

2020 
7.35 

(7.22 - 7.49) 
8.72 

(8.61 - 8.83) 
10.42 

(10.23 - 10.60) 

3.3. COPD and Lung Cancer Related AAMRs Stratified by Race 

Upon stratification by race, NH White individuals exhibited the highest overall AAMR (11.39, 
95% CI: 11.35-11.42), while NH Asian or Pacific Islander reported the lowest (2.54, 95% CI: 2.47-2.62). 
The AAMR for NH Black and NH American Indian or Alaska Native decreased from 1999-2020. The 
AAMR for NH White showed a non-significant increase from 1999-2005 (APC: 0.46; 95% CI -0.84 to 
1.79; p=0.466164), followed by a significant decrease till 2020 (APC: -1.62; 95 % CI -1.93 to -1.31; 
p<0.000001). For Hispanics, there was a significant decrease in AAMR from 4.1 in 1999 to 2.5 in 2020 
(APC: -2.51; 95% CI -2.92 to -2.10; p<0.000001). The AAMR for NH Asian or Pacific Islander decreased 
slightly from 1999-2007 (APC: -0.52; 95% CI -2.14 to 1.12; p=0.507101), followed by a steep decrease 
till 2010 (APC: -9.29; 95% CI -21.32 to 4.56; p=0.163414), and finally a further decrease till 2020 (APC: 
-2.85; 95% CI -3.81 to -1.88; p=0.000021) [Table 3]. 
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Table 3. Race- Stratified mortality in COPD and lung cancer Per 100,000 In The United States,1999-2020. 

 
Year 

NH 
American 
Indian Or 

Alaska 
Native 

NH Asian Or 
Pacific 

Islander 

NH Black Or 
African 

American 

NH White 
 
 

Hispanic Or 
Latino 

1999 
8.26 

(6.29 - 10.66) 
3.47 

(2.87 - 4.07) 
9.47 

(8.97 - 9.97) 
12.23 

(12.05 - 12.41)  
          4.10 

(3.65 - 4.54) 

2000 
7.76 

(5.83 - 10.12) 
3.40 

(2.82 - 3.98) 
9.40 

(8.90 - 9.89) 
12.35 

(12.17 - 12.52) 
3.83 

(3.40 - 4.25) 

2001 
8.91 

(6.92 - 11.30) 
3.61 

(3.04 - 4.18) 
8.77 

(8.30 - 9.24) 
12.36 

(12.19 - 12.54) 
3.88 

(3.46 - 4.29) 

2002 
9.83 

(7.72 - 12.35) 
3.73 

(3.16 - 4.31) 
8.83 

(8.36 - 9.30) 
12.62 

(12.44 - 12.79) 
3.80 

(3.41 - 4.20) 

2003 
10.06 

(7.98 - 12.52) 
3.07 

(2.57 - 3.56) 
9.04 

(8.57 - 9.51) 
12.45 

(12.27 - 12.63) 
3.53 

(3.16 - 3.91) 

2004 
11.48 

(9.15 - 13.81) 
3.42 

(2.92 - 3.92) 
8.79 

(8.33 - 9.25) 
12.64 

(12.46 - 12.81) 
3.84 

(3.47 - 4.22) 

2005 
10.47 

(8.36 - 12.95) 
3.49 

(2.99 - 4.00) 
8.85 

(8.40 - 9.31) 
12.87 

(12.69 - 13.05) 
3.98 

(3.61 - 4.36) 

2006 
9.86 

(7.86 - 12.20) 
3.45 

(2.96 - 3.94) 
8.80 

(8.35 - 9.25) 
12.77 

(12.59 - 12.94) 
3.51 

(3.16 - 3.85) 

2007 
13.03 

(10.68 - 
15.39) 

3.55 
(3.07 - 4.02) 

8.92 
(8.47 - 9.36) 

12.89 
(12.71 - 13.07) 

3.65 
(3.31 - 3.99) 

2008 
9.85 

(7.90 - 12.14) 
2.79 

(2.38 - 3.20) 
7.84 

(7.42 - 8.25) 
11.27 

(11.11 - 11.43) 
3.08 

(2.78 - 3.39) 

2009 
8.01 

(6.34 - 9.99) 
2.61 

(2.22 - 3.01) 
7.76 

(7.35 - 8.17) 
11.38 

(11.22 - 11.54) 
3.31 

(3.00 - 3.62) 

2010 
11.90 

(9.70 - 14.09) 
2.62 

(2.24 - 3.00) 
8.05 

(7.64 - 8.46) 
11.46 

(11.30 - 11.62) 
3.10 

(2.80 - 3.39) 

2011 
8.87 

(7.07 - 10.68) 
2.46 

(2.11 - 2.81) 
7.53 

(7.13 - 7.92) 
11.32 

(11.16 - 11.48) 
3.11 

(2.83 - 3.40) 

2012 
9.40 

(7.57 - 11.23) 
2.31 

(1.98 - 2.64) 
8.02 

(7.62 - 8.42) 
11.26 

(11.10 - 11.42) 
2.73 

(2.47 - 2.99) 

2013 
9.33 

(7.60 - 11.07) 
2.32 

(2.00 - 2.65) 
7.90 

(7.51 - 8.29) 
11.21 

(11.05 - 11.36) 
3.18 

(2.91 - 3.45) 

2014 
8.95 

(7.29 - 10.61) 
2.33 

(2.03 - 2.64) 
7.07 

(6.70 - 7.43) 
10.76 

(10.61 - 10.91) 
2.90 

(2.64 - 3.15) 

2015 
9.77 

(8.11 - 11.43) 
2.28 

(1.99 - 2.58) 
7.13 

(6.77 - 7.48) 
10.63 

(10.48 - 10.78) 
2.68 

(2.44 - 2.91) 

2016 
7.74 

(6.31 - 9.16) 
2.05 

(1.77 - 2.32) 
7.37 

(7.02 - 7.73) 
10.63 

(10.48 - 10.78) 
2.93 

(2.69 - 3.18) 

2017 
9.30 

(7.73 - 10.87) 
2.11 

(1.84 - 2.38) 
7.08 

(6.74 - 7.43) 
10.36 

(10.21 - 10.50) 
2.49 

(2.28 - 2.71) 
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2018 
9.55 

(8.01 - 11.09) 
1.91 

(1.66 - 2.17) 
6.94 

(6.60 - 7.27) 
10.10 

(9.96 - 10.24) 
2.36 

(2.16 - 2.57) 

2019 
9.54 

(8.04 - 11.04) 
1.89 

(1.65 - 2.13) 
6.76 

(6.44 - 7.09) 
10.13 

(9.99 - 10.27) 
2.49 

(2.29 - 2.70) 

2020 
9.84 

(8.34 - 11.34) 
1.92 

(1.69 - 2.16) 
7.19 

(6.86 - 7.51) 
10.13 

(9.99 - 10.27) 
2.50 

(2.30 - 2.70) 

3.4. COPD and Lung Cancer Related AAMRs Stratified by Urbanization 

Nonmetropolitan areas had consistently higher COPD and lung cancer-related AAMRs than 
metropolitan areas throughout the study period (13.6, 95% CI: 13.52-13.68 vs 9.41, 95% CI: 9.38-9.44). 
AAMRs of nonmetropolitan areas inclined significantly from 1999 to 2006 (APC: 1.55; 95% CI: 1.04 to 
2.07; p=0.000014), followed by abrupt decrease from 2006 to 2009 (APC: −2.21; 95% CI: −7.68 to −0.60; 
p=0.025692), then a persistent decline till 2020 (APC: −0.46; 95% CI: −0.70 to −0.21; p=0.001269). 
However, AAMRs of metropolitan areas showed a non-significant decrease from 1999 to 2005 (APC: 
−0.13; 95% CI: −1.35 to −1.11; p=0.826629), followed by a significant fall till 2020 (APC: −2.23; 95% CI: 
−2.52 to −1.93; p<0.000001) [Table 5]. 

3.5. COPD and Lung Cancer Related AAMRs Stratified by Census Region 

On average, over the duration of the study timeframe, the Midwest region portrayed the highest 
AAMR of 11.89 (95% CI = 11.82 to 11.95), followed by Southern (AAMR: 10.8; 95% CI = 10.76 to 10.85), 
Western (AAMR: 8.6; 95% CI = 8.55 to 8.66), and Northeastern (AAMR: 8.53; 95% CI:8.47 to 8.59) 
regions [Table 1]. From 1999 Midwest, South, and Northeast saw a slight insignificant increase in 
AAMRs initially till 2005 (Midwest APC: 0.97; 95% CI: −0.55 to 2.51; p=0.197518) and 2006 (South, 
APC: 0.19; 95% CI: −0.51 to −0.90; p=0.572896 and Northeast APC: 0.16; 95% CI: −1.09 to 1.44; 
p=0.787633). Then the AAMRs decreased till 2020 in different phases in each region. From 2005 to 
2020 a significant decline is observed in the Midwest region (with APC: -1.71; 95% CI: -2.07 to-1.35; 
p=< 0.000001). South saw a decline in AAMRs in additional two phases from 2006 to 2009 (APC: -4.27; 
95% CI: -9.15 to 0.87; p=0.094962) and 2009 to 2020 (APC: -0.60; 95% CI: -0.93 to -0.28; p=0.001374). The 
Northeast region also reported a significant decline in AAMRs from 2006 to 2020 (APC: -2.79; 95% 
CI: -3.24 to -2.33; p= < 0.000001). Additionally, West also reported a decline in AAMRS from 1999 to 
2020 in two different phases. First, a non-significant decrease in AAMRs was observed from 1999 to 
2005 (APC: -0.20; 95% CI: -1.68 to 1.30; p=0.782474) and then a significant decline was noted till 2020 
(APC: -3.41; 95% CI: -3.77 to -3.05; p= < 0.000001) [Table 2]. 

Table 1. Demographic Characteristics of Deaths due to COPD and lung cancer in the USA from 1999 to 2020. 

Variable 
COPD and lung cancer  

Deaths 
Age Adjusted Mortality Rate 

(AAMR) per 100,000 
Overall Population 484,941  10.14 (10.12 - 10.17) 

Sex 
Male 269,052 13.02 (12.97 - 13.07) 

Female 215,889  8.02 (7.98 - 8.05) 
US Census Region 

Northeast 78,941 8.53 (8.47 - 8.59) 
Midwest 127,180 11.89 (11.82 - 11.95) 

South 191,362  10.80 (10.76 - 10.85) 
West 87,458 8.60 (8.55 - 8.66) 

Race / Ethnicity 
NH American Indian 

or Alaska Native 
2,476 9.58 (9.18 - 9.97) 
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NH Asian or Pacific 
Islander 

4,367  2.54 (2.47 - 2.62) 

NH Black or African 
American 

34,577  7.91 (7.83 - 8.00) 

NH White 432,331 11.39 (11.35 - 11.42) 
Hispanic / Latino 1,011 4.36 (4.09 - 4.64) 

Urban/ Rural 

Urban  
 

369,029  (100%)  

 
9.41 

(9.38 - 9.44) 

Rural  
115,912 (100%) 

  

13.60 
(13.52 - 13.68) 

        

Table 2. Annual Percentage Changes (APCs) and Average Annual Percentage Changes (AAPCs) in COPD and 
lung cancer, United States, 1999–2020. 

Variable 
Trend 

Segment 
Segment End 

points 
APC (95% CI) 

AAPC 
(95% CI) 

 
Overall Population 

1 1999 – 2005 
0.078(-1.19 to 

1.36) -1.40(-1.80 
to -1.00) 

2  2005 – 2020  
-1.99(-2.30 to -

1.69)  
Sex 

 
Female 

1 1999 – 2005 1.51(0.25 to 2.78) 
   -1(-1 to -

0) 
 
 
 
  

2  2005 – 2020        
-1.37(-1.65 to -

1.09) 

 
 
 
  

Male 

1 1999 – 2006 
-0.77(-1.33 to -

2.07 
   -2(-3 to -

2) 
2 2006 – 2009 

-5.13(-8.96 to -
1.13) 

3 2009 – 2020 
-2.16(-2.43 to -

1.88) 
US Census Region 

 
Northeast 

1 1999 – 2006 
0.16(-1.10 to 

1.44) -1.81(-2.30 
to -1.33) 

2 2006 – 2020 
-2.79(-3.24 to -

2.33) 

Midwest 
1 1999 – 2005 

0.97(-0.55 to 
2.51) -0.95(-1.42 

to -0.49)  2 2005 – 2020 
-1.71(-2.07 to -

1.36) 

 
South  

1 1999 – 2006 
0.19(-0.51 to 

0.90) 
-0.87(-1.60 
to -0.15) 

2 2006 – 2009 
-4.27(-9.15 to 

0.87) 

3 2009 – 2020 
-0.60(-0.93 to -

0.28) 
 

West 
1 1999 – 2005 

-0.19 (-1.68 to 
1.30) 

-2.50(-2.96 
to -2.05)  
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2 2005 – 2020 
-3.41(-3.77 to -

3.05) 
Race / Ethnicity a 

NH American 
Indian or Alaska 

Native 
1 1999 – 2020 

-0.26(-1.16 to 
0.64) 

-0.26(-1.16 
to 0.64) 

 
Hispanic / Latino 

1 1999 – 2020 
-2.52(-2.93 to -

2.11) 
-2.52(-2.93 
to -2.11) 

 
NH Black or African 

American 

   

-1.55(-1.80 
to -1.30)  

1  1999 – 2020  
-1.55(-1.80 to -

1.30) 
  

NH White 
1 1999 – 2005 

0.46(-0.85 to 
1.79) -1.03(-1.44 

to -0.63)  2  2005 – 2020  
-1.63(-1.94 to -

1.31)  

 
 

NH Asian or Pacific 
Islander 

1 1999 – 2007 
-0.52(-2.14 to 

1.13) 
-2.93(-4.84 
to -0.98) 

2 2007 – 2010 
-9.30(-21.32 to 

4.57) 

3 2010 – 2020 
-2.86(-3.82 to -

1.88) 
Urban/Rural     

Urban 
1  1999 – 2005  

-1.30(-1.35 to 
1.10)  -1.63(-2.00 

to -1.25) 
2 2005 – 2020 

-2.22(-2.52 to -
1.93)  

Rural 1 1999 – 2006 1.55(1.03 to 2.07)  

 
2 2006 – 2009 

-4.23(-7.69 to -
0.60) -0.33(-0.86 

to 0.18)  3 2009 – 2020 
-0.46(-0.70 to -

0.21)                 
a Hispanics could be of any race; all other categories are non-Hispanic. * indicates that the Annual Percentage 
Change (APC) is significantly different from zero at the alpha = 0.05 level. 

Significant disparities in AAMR in different states were reported, with the AAMRs ranging from 
3.76 (95% CI: 3.54-3.98) in Utah to 18.52 (95% CI: 18.06-18.97) in West Virginia. States in the top 90th 
percentile—West Virginia, Kentucky, Oklahoma, Indiana, and Ohio—had AAMRs averaging 
approximately 16.5 per 100,000, which was more than three times higher than those in the bottom 
10th percentile—Utah, Hawaii, the District of Columbia, Arizona, and New Mexico—where the 
average rate was about 5.4 per 100,000 [Table 6]. 

Table 6. States- Stratified COPD and lung cancer related mortality Per 100,000 In The United States,1999-2020. 

States Deaths AAMR 

Alabama  7,784 
10.04 

(9.82 - 10.26) 

Alaska 701 
10.55 

(9.73 - 11.38) 

Arizona 5,913 
5.76 

(5.61 - 5.90) 
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Arkansas 5,357 
11.03 

(10.74 - 11.33) 

California 44,340 
8.72 

(8.63 - 8.80) 

Colorado 6,131 
9.32 

(9.08 - 9.56) 

Connecticut 5,421 
9.05 

(8.80 - 9.29) 

Delaware 1,623 
10.75 

(10.22 - 11.27) 

District of Columbia 487 
5.83 

(5.31 - 6.35) 

Florida 32,947 
8.70 

(8.61 - 8.80) 

Georgia 10,481 
8.36 

(8.20 - 8.52) 

Hawaii 1,109 
4.88 

(4.59 - 5.17) 

Idaho 2,172 
9.55 

(9.15 - 9.95) 

Illinois 17,601 
9.20 

(9.06 - 9.33) 

Indiana 14,863 
14.87 

(14.63 - 15.11) 

Iowa 6,744 
12.72 

(12.41 - 13.02) 

Kansas 4,886 
10.95 

(10.64 - 11.26) 

Kentucky 12,451 
18.06 

(17.74 - 18.38) 

Louisiana 5,166 
7.63 

(7.42 - 7.84) 

Maine 3,003 
12.10 

(11.66 - 12.54) 

Maryland 8,446 
10.00 

(9.78 - 10.21) 

Massachusetts 7,943 
7.33 

(7.17 - 7.49) 

Michigan 17,995 
11.09 

(10.93 - 11.25) 

Minnesota 8,521 
10.48 

(10.25 - 10.70) 

Mississippi 5,033 
11.10 

(10.79 - 11.41) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 July 2025 doi:10.20944/preprints202507.0405.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.0405.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 20 

 

Missouri 12,499 
12.76 

(12.53 - 12.98) 

Montana 1,683 
9.84 

(9.37 - 10.32) 

Nebraska 4,017 
13.83 

(13.40 - 14.26) 

Nevada 2,619 
6.92 

(6.65 - 7.19) 

New Hampshire 2,359 
11.06 

(10.61 - 11.51) 

New Jersey 10,663 
7.59 

(7.44 - 7.73) 

New Mexico 2,133 
6.79 

(6.50 - 7.08) 

New York 21,391 
6.90 

(6.81 - 7.00) 

North Carolina 16,664 
11.40 

(11.22 - 11.57) 

North Dakota 1,334 
11.67 

(11.04 - 12.30) 

Ohio 28,571 
14.86 

(14.69 - 15.03) 

Oklahoma 9,670 
16.28 

(15.96 - 16.61) 

Oregon 7,414 
11.73 

(11.46 - 12.00) 

Pennsylvania 24,307 
10.55 

(10.42 - 10.68) 

Rhode Island 2,435 
13.34 

(12.81 - 13.88) 

South Carolina 8,360 
11.17 

(10.93 - 11.41) 

South Dakota 1,684 
12.21 

(11.63 - 12.80) 

Tennessee 14,590 
14.43 

(14.20 - 14.67) 

Texas 35,726 
11.40 

(11.28 - 11.52) 

Utah 1,113 
3.76 

(3.54 - 3.98) 

Vermont 1,419 
13.16 

(12.47 - 13.85) 

Virginia 10,156 
8.78 

(8.60 - 8.95) 
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Washington 11,268 
11.40 

(11.18 - 11.61) 

West Virginia 6,421 
18.52 

(18.06 - 18.97) 

Wisconsin 8,465 
9.17 

(8.97 - 9.36) 

Wyoming 862 
10.48 

(9.78 - 11.19) 

3.6. COPD and Lung Cancer Related AAMRs Stratified by Place of Death 

From 1999 to 2020, 38.63% of the deaths due to COPD and lung cancer happened in the 
decedent’s home, 33.67% in medical facilities, 16.48% in nursing homes or long-term care homes, 
6.59% in hospice facilities, and 4.41% in other places [Table 7]. 

Table 7. Plac eof death- Stratified COPD and lung cancer related mortality Per 100,000 In The United States,1999-
2020. 

Place of Death Deaths Percentage 
Medical Facility 163245 33.67% 

Decedent’s home 187,313 38.63% 

Hospice facility 31,960 6.59% 

Nursing home 79,904 16.48% 

Other 21,392 4.41% 

4. Discussion 

This study highlights significant temporal and demographic trends in AAMRs from COPD and 
lung cancer in the United States between 1999 and 2020. Overall, there was a substantial decline in 
AAMRS, however, the decrease was not uniform across all subpopulations. AAMRS were higher in 
males but declined in both sexes. The racial disparities were also evident: NH white individuals had 
the highest AAMRS, while non-Hispanic Asian or Pacific Islanders had the lowest. Geographic 
variations were substantial, with nonmetropolitan areas and certain states (e.g., West Virginia, 
Kentucky) bearing the highest mortality burden. In contrast, metropolitan areas and states like Utah 
and Hawaii had significantly lower rates, emphasizing the role of regional health policies and 
population-level risk factors. Finally, place-of-death data revealed that a majority of COPD and lung 
cancer deaths occurred at home or in medical facilities, underscoring the importance of end-of-life 
care planning and hospice availability. COPD is independently associated with an increased risk of 
lung cancer [25]. While smoking is the primary shared risk factor, evidence suggests COPD 
contributes to lung cancer through mechanisms beyond tobacco exposure. Chronic inflammation, 
airway remodelling, and lung parenchyma destruction in COPD create a pro-tumorigenic 
environment via oxidative stress, DNA damage, and inflammatory cytokines (TNF-α, IL-6, IL-8), 
which promote mutations and abnormal cell proliferation [47–49]. Repeated injury-repair cycles in 
COPD can also lead to bronchial epithelial dysplasia and metaplasia, precursors to carcinoma. 
Impaired immune surveillance in COPD further increases cancer risk, as chronic lung disease 
weakens the immune system’s ability to eliminate malignant cells. Advanced COPD often involves 
dysregulated innate and adaptive immunity. HIV and TB infections similarly elevate lung cancer risk 
through chronic inflammation and immune suppression [50,53]. Environmental and occupational 
exposures (air pollution, asbestos, silica, radon) compound the risk, especially in lower 
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socioeconomic groups. Ethnicity may also influence susceptibility due to genetic, exposure, or 
healthcare disparities. 

In summary, COPD elevates lung cancer risk through distinct mechanisms like chronic 
inflammation, tissue damage, and immune dysfunction. Understanding this interplay is crucial for 
risk stratification and targeted prevention [1,36,52]. 

This study showed that the age-adjusted mortality rate (AAMRS) was consistently higher in men 
than in women, though both groups experienced a decline in deaths after 2007–08. Over the past 
decade, cancer incidence rates remained stable in women while declining by 2% annually in men, 
with cancer death rates decreasing by 1.5% per year in both sexes [15]. Men also had a higher 
prevalence of COPD (72.8%) compared to women (52.5%), even among smokers [26]. Lung cancer 
presentation differs by sex: women are more likely to develop adenocarcinoma (twice as often as 
squamous cell carcinoma), while men show a near-equal ratio of adenocarcinoma to squamous cell 
carcinoma [16]. Biological differences include more frequent EGFR mutations, distinct KRAS 
mutation profiles, higher CYP1A1 expression, and greater DNA adduct formation in women, 
suggesting heightened susceptibility to smoking-related damage [17–19]. Women also report more 
respiratory symptoms (dyspnea, cough, chronic bronchitis) and early airway changes (bronchiolitis, 
bronchial wall thickening) than men with similar smoking histories [20–22]. Women with localized 
disease undergo surgery more frequently and exhibit better stage-specific survival at all stages. They 
are also overrepresented among younger patients, hinting at sex-based differences in carcinogen 
susceptibility. Even after adjusting for age, histology, and smoking, women have higher overall 
survival [23,46]. While men smoke more daily, women show greater intention to quit [27]. 
Historically, smoking rates were higher in men, but rising female smoking has increased lung cancer 
incidence in women. Despite this, women may have greater biological vulnerability to smoking’s 
effects, possibly contributing to their survival advantage. Occupational exposures further shape risk: 
men face higher carcinogen exposure (e.g., mining, construction), while women may encounter 
secondhand smoke or air pollution [43–45]. These sex-based differences in behavior, biology, and 
exposure complicate lung cancer and COPD trends [26]. 

According to the analysis, death rates are found to be highest in the NH White population, 
followed by NH American Indians, NH Black or African Americans, and Hispanics and lowest in 
Asians. In previous studies, the cancer-related death rates and COPD prevalence were highest among 
Non-Hispanic (NH) White, NH Asian, and NH Black patients who reported less breathlessness, and 
NH Black patients were less likely to receive inhaled treatments. It was also reported that South Asian 
patients had the highest influenza and pneumococcal vaccination rates [28]. NH Black or African 
Americans were younger at presentation and had lower overall pack-years of smoking than whites 
Additionally, African Americans started smoking later in life than whites [29]. COPD is rare among 
Chinese individuals in the USA, suggesting potential genetic factors that protect against the 
condition. In Hawaii, individuals who smoked more than 20 cigarettes daily had a COPD prevalence 
of 7.9%, compared to 16.7% in a matched Caucasian-American group. The ZZ phenotype of α1-
antitrypsin is absent in Black individuals and rare in Asian populations, while abnormalities in the 
cystic fibrosis transmembrane conductance regulator (CFTR) are not observed in certain East Asian 
populations. These genetic differences across racial groups complicate comparisons and may explain 
the variations in how gene polymorphisms are linked to COPD in different studies [30]. The 
difference in lung cancer incidence between African Americans and Whites was mostly explained by 
variations in smoking habits among participants aged 55-84. However, among males aged 40-54, 
African Americans were 2-4 times more likely to develop lung cancer of any histologic type than 
Whites, even after adjusting for smoking habit [31] which may lead to underreporting of deaths. 
Racial disparities in COPD treatment have been observed, including differences in home oxygen 
prescriptions, influenza vaccinations, and smoking cessation referrals, which may contribute to more 
severe exacerbations. A study on COPD exacerbation treatment in the ED found that African 
American patients were more likely to be uninsured and less likely to have a primary care provider 
compared to Caucasians, which may lead to underreporting of cases [33]. 
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Our study also showed a higher rate of AAMRS among non-metropolitan subgroups which can 
be attributed to various causes like limited access to healthcare, lower screening rates, and socio-
economic barriers. Data from the 2017 National Health Interview Survey show that adults in 
nonmetropolitan areas had higher rates of current smoking(23% versus 13%), fewer attempts to quit, 
and lower success in quitting compared to those in metropolitan areas. Although national guidelines 
strongly advocate for regular screening and intervention for tobacco use, as well as lung cancer 
screening for high-risk individuals, significant disparities persist in access to these preventive 
services—particularly in rural areas. Behavioural interventions, including counselling and support 
programs for smoking cessation, along with pharmacological treatments such as nicotine 
replacement therapy, bupropion, or varenicline, have been proven effective in reducing tobacco 
dependence. Similarly, low dose computed tomography (LDCT) screening has been shown to detect 
lung cancer at earlier, more treatable stages and is recommended for adults with a significant 
smoking history. However, individuals living in rural or nonmetropolitan areas often face multiple 
barriers to accessing these services. A key factor is the higher rate of uninsurance among residents 
under age 65 in rural communities, which limits their ability to afford or seek preventive care. Even 
for those who are insured, geographic isolation and fewer healthcare facilities contribute to the 
reduced availability of providers trained in tobacco cessation counselling or equipped to perform 
lung cancer screenings. Moreover, rural areas may lack the necessary infrastructure—such as 
speciality clinics, transportation options, and broadband connectivity—to support telehealth services 
that could bridge these gaps. Workforce shortages in rural healthcare systems further compound the 
problem. Primary care providers may be overburdened or lack the time and resources to implement 
preventive care practices consistently. Moreover, public health campaigns and smoking cessation 
programs often have less reach in these communities, resulting in lower awareness and utilization of 
available services. Together, these factors create a substantial gap between evidence-based 
recommendations and real-world practice, leading to missed opportunities for early intervention and 
increased risk for lung cancer and other tobacco-related diseases among rural populations 37]. 

A study with a cohort of low socioeconomic status (SES) patients tended to travel longer 
distances to their transplant centres than those with higher SES. They were less likely to undergo 
transplants at high-volume centres, have private insurance, or switch from low- to high-volume 
facilities. Despite these differences, 1- and 5-year survival rates were similar across the groups. The 
study also found that, up to 2014, patients with private insurance or who paid out of pocket were 
more likely to change transplant centres [35]. Allen et al. reported that most liver transplant recipients 
in the UNOS database through 2008 had private insurance or were self-paying, and these patients 
had better survival outcomes at 3 and 5 years compared to those with Medicare or Medicaid. Ten-
year survival was 7.0% lower for Medicare and 8.1% lower for Medicaid recipients. However, 
insurance type did not influence short-term survival at 30, 90 days, or 1 year [34]. 

The death rates varied among the different geographical regions, highest in the Midwest and 
the lowest in the West and Northeast. While comparing the states California recorded several deaths 
as high as 44,340, while the lowest death rates were seen in the District of Columbia, followed by 
Wyoming. The prevalence of cigarette smoking has remained high in Southern states and states in 
the Appalachian region, while decreasing over the last few decades in most other states, particularly 
those in the West [38,41]. Early cancer mortality studies and later case-control research in the 1970s 
and 1980s showed that shipyard work in southern coastal regions was linked to higher lung cancer 
risk, mainly due to asbestos exposure. Asbestos-containing materials were gradually phased out, 
leading to a decline in lung cancer rates in many coastal areas. Long-term radon exposure, 
particularly in non-smokers, also increases lung cancer risk, as do diesel exhaust fumes and fine 
particulate matter (PM2.5). These exposure risks vary across the U.S., including differences between 
nonmetropolitan and metropolitan areas [36,37].  

A comprehensive lung cancer prevention strategy requires population-level interventions 
including tobacco screening, smoking cessation programs, smoke-free policies, radon testing, and 
asbestos exposure reduction [36]. While lung cancer screening is recommended for high-risk 
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individuals, particularly current or former smokers, access remains limited in nonmetropolitan areas 
where uninsured rates are higher. Successful implementation depends on strengthening community 
capacity through programs like Maine’s Comprehensive Cancer Control Program, which identifies 
screening facilities and addresses barriers across geographic regions [40]. Patient navigation systems 
play a critical role in overcoming obstacles to care, with initiatives like the CDC-Appalachian 
Regional Commission collaboration developing culturally appropriate training for navigators to 
improve access [41]. Future efforts should prioritize expanding screening through mobile units and 
telehealth, enhancing tobacco cessation support, increasing public awareness of environmental risks, 
and securing sustained policy support including Medicaid expansion and workforce development. 
These multi-level approaches are essential for reducing disparities in lung cancer burden nationwide. 

5. Limitations 

This study has several important limitations that should be considered when interpreting the 
findings. First, it relies on death certificate data, which are known to sometimes contain inaccuracies 
or misclassifications in determining the underlying cause of death. This is particularly relevant when 
distinguishing between chronic respiratory conditions such as COPD and lung cancer, which may 
present with overlapping clinical features. Misclassification may lead to underestimation or 
overestimation of disease-specific mortality rates. Second, the study utilizes population-level data, 
which limits the ability to control for individual-level confounding factors. Key variables such as 
smoking behaviour, occupational exposures, income level, education, access to healthcare, and the 
presence of comorbid conditions are not captured in this dataset. These factors are critical 
determinants of both COPD and lung cancer risk, and their absence restricts the ability to draw more 
precise conclusions about the observed mortality disparities. Third, There are limitations related to 
the classification of race and ethnicity in death certificate data.These classifications may not 
accurately reflect how individuals identify themselves and may not account for multiracial 
individuals. This can introduce misclassification bias in analyses of racial and ethnic disparities, 
potentially obscuring important trends or falsely attributing risk differences to certain groups. 
Fourth, the classification of geographic areas based on levels of urbanization may not fully capture 
the complexity of regional differences in healthcare access, environmental exposures, or public health 
infrastructure. For example, two rural areas classified similarly may differ significantly in their 
proximity to healthcare facilities, local smoking rates, or levels of air pollution, all of which can 
influence respiratory health outcomes. Lastly, the study spans a period during which diagnostic 
criteria, disease coding practices, and healthcare delivery systems have evolved. Improvements in 
diagnostic imaging, changes in how deaths are reported, and shifts in access to care over time could 
have influenced mortality trends in ways not accounted for in the analysis. These evolving factors 
may contribute to temporal changes that are difficult to disentangle from genuine shifts in disease 
burden. Overall, while the study provides valuable insights into mortality patterns, these limitations 
highlight the need for cautious interpretation and underscore the importance of using 
complementary data sources and methodologies in future research. 
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