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Abstract
Background: Pneumonia is the most common respiratory tract infection among patients with diabetes, affecting individuals
across all age groups and sexes.
Objective: This study aims to examine demographic trends in mortality among patients diagnosed with both diabetes mellitus
(DM) and pneumonia.
Methods: Deidentified death certificate data for DM- and pneumonia-related deaths in adults aged 25 years and older from
1999 to 2022 were obtained from the Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic
Research (CDC WONDER) database. Age-adjusted mortality rates (AAMRs) per 1,000,000 population were calculated. The
Joinpoint Regression Program was used to evaluate annual percentage changes (APCs) in mortality trends, with statistical
significance set at P<.05. This study adhered to the STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines for reporting.
Results: Between 1999 and 2022, a total of 425,777 deaths were recorded from DM and pneumonia. The overall AAMR
declined significantly (P=.001) from 98.73 in 1999 to 49.17 in 2016 (APC –4.68), and then surged to 97.66 by 2022 (APC
23.55). Men consistently experienced higher mortality than women throughout the study period. Male AAMR rose from 62.61
in 2016 to 127.05 in 2022 (APC 24.88), while female AAMR increased from 41.05 in 2017 to 75.25 in 2022 (APC 27.60).
Race-based analysis demonstrated that American Indian or Alaska Native populations had the highest mortality rates among
racial groups. Non-Hispanic White individuals exhibited a significant decline in AAMR (P=.002) from 89.76 in 1999 to 44.19
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in 2017 (APC −4.58), followed by an increase to 83.11 by 2022 (APC 25.25). Adults aged 65 years or older bore the highest
mortality burden, with rates declining steadily to 206.9 in 2017 (APC –5.15) before rising sharply to 371.3 in 2022 (APC
20.01). Nonmetropolitan areas consistently exhibited higher mortality than metropolitan areas, with particularly steep increases
after 2018 (APC 64.42). Type-specific mortality revealed that type 1 DM AAMRs declined from 9.2 in 1999 to 1.4 in 2015
(APC –11.94) before rising again. By contrast, type 2 DM AAMRs surged drastically after 2017, peaking at 62.2 in 2020 (APC
58.74) before partially declining to 41.6 by 2022.
Conclusions: DM is associated with an increased risk of mortality following pneumonia, particularly among men, older
adults, and American Indian populations. Strengthening health care interventions and policies is essential to curb the rising
mortality trend in these at-risk groups.
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Introduction
Approximately 10% of the US population has diabetes
mellitus (DM) [1]. Patients with DM are more susceptible
to complications from infectious diseases and are reported to
have a 4.4-fold higher risk of bacteremia than those without
DM [2].

Among individuals with DM, pneumonia is the most
common infection managed in hospitals and the third most
common infection treated in emergency departments in the
United States [1]. Individuals with diabetes are more prone
to pneumonia due to various factors, including hyperglyce-
mia-induced immune dysregulation, declining lung function,
and coexisting comorbidities such as cerebrovascular events,
cardiovascular disease (CVD), and chronic kidney disease
(CKD), all of which adversely impact outcomes in pneu-
monia [3-5]. However, population-level data on mortality
trends for co-occurring DM and pneumonia, particularly
across demographic strata, remain limited [6,7]. Therefore,
the objective of this study was to evaluate the demographic
and regional differences in mortality patterns among patients
with both pneumonia and DM.

Methods
Screening of Data
The Centers for Disease Control and Prevention Wide-rang-
ing Online Data for Epidemiologic Research (CDC WON-
DER) database was used for this research. The CDC
WONDER database comprises death certificates from all 50
US states and the District of Columbia. Patients with DM
were identified using the International Statistical Classifica-
tion of Diseases and Related Health Problems, 10th Revision
(ICD-10) codes E10-E14, whereas patients with pneumonia
were identified with the ICD-10 codes J09-J18. These ICD-10
codes have also been used in previous studies [8-10]. We
used the Multiple Cause-of-Death Public Use Record death
certificates to select records in which both DM and pneumo-
nia were listed as either contributing or underlying causes of
death [11]. Adults in our study were defined as individuals
aged 25 years or older, consistent with prior CDC WONDER
studies that use this threshold to define adulthood in the
context of chronic disease mortality trends [12,13]. While

this excludes younger populations, deaths in these age groups
are rare and less likely to reflect long-term cardiometabolic
complications.

Ethics Considerations
The data provided in the database are deidentified by the
government; therefore, our study is exempt from institu-
tional review board approval. The STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology)
guidelines were followed for reporting.

Data Extraction
Data on deaths due to coexisting DM and pneumonia,
including population size and location, were extracted for the
period between January 1999 and December 2022. Demo-
graphic variables, such as gender/sex, race/ethnicity, age
groups, urban-rural classification, and census regions, were
analyzed for the same period. Based on previous analyses of
the CDC WONDER database, race/ethnicity was categorized
as Hispanic or Latino; Non-Hispanic (NH) American Indians
or Alaska Natives (ANs); NH Asian or Pacific Islanders;
NH Black or African Americans; and NH White individu-
als. This classification is based on data reported on death
certificates in accordance with the US Office of Budget and
Management Guidelines [14]. Census regions were divided
into Northeast, Midwest, West, and South, based on US
Census Bureau definitions. The National Center for Health
Statistics Urban-Rural Classification Scheme was used to
categorize the population into 2 groups, based on the 2013
US Census: metropolitan (large metropolitan area [population
≥1 million] and medium/small metropolitan area [population
50,000‐999,999]) and nonmetropolitan (population <50,000).
While the CDC WONDER database provides nationally
representative data, it lacks individual-level clinical variables
(eg, vital signs and treatment details), which are crucial for
understanding the extent of disease.
Data Analysis
The age-adjusted mortality rate (AAMR) per 1,000,000
people was calculated by standardizing DM- and pneumonia-
related deaths to the US population in 2000 [15]. AAMRs
for all demographic variables, including sex/gender, race/
ethnicity, age groups, urbanization status, and census regions,
were calculated, as the CDC WONDER database provides
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population sizes stratified by demographic and regional
factors and age groups for each specific year [14].

The data for the urbanization group differed from all the
other variables in that the AAMRs could only be calculated
up to 2020. This is because standardized population data
for 2021 and 2022 are not available in the CDC WON-
DER database. The database also provided 95% CIs for
the AAMRs. Trends in AAMRs were analyzed using the
Joinpoint Regression Program (version 5.0; National Cancer
Institute), which calculates the annual percentage change
(APC) [16]. This program uses log-linear regression models
to detect temporal variations and identify significant changes
in AAMRs over time. APCs with 95% CIs for AAMR
were estimated at the identified line segments connecting the
joinpoints, using the Monte Carlo permutation test. Based on
the results of the 2-tailed t test, APCs were considered to
have significantly increased or decreased only if the slope
representing the change in mortality differed significantly
from 0. The significance level was set at P<.05.
Trend Analysis
Temporal trends in annual AAMRs from 1999 to 2022 were
analyzed using the Joinpoint Regression Program (version
5.0; National Cancer Institute). Rates were log-transformed
and modeled to identify inflection points in the trend.
Joinpoint settings were as follows: minimum joinpoints=0
and maximum=4, with a minimum of 2 observations required
before the first joinpoint, after the last joinpoint, and between
joinpoints. Model selection used the weighted Bayesian
information criterion (weighted BIC), with the permutation
test seed set to 7160 and the empirical quantile seed set to
10,000 for reproducibility. For the overall data, the weighted
BIC selected 2 joinpoints. Subgroup analyses by sex, age
group, race/ethnicity, urban-rural classification, region, and
diabetes type used identical settings; the weighted BIC also

selected 2 joinpoints in each subgroup, facilitating consis-
tent comparison of segment timing. APCs and 95% CIs
were reported for each segment. Observed versus fitted rates
were exported (Export.Data.txt); residuals on the log scale
(Residual=ln[observed rate] − ln[fitted rate]) were compu-
ted. For the overall model, the Durbin-Watson statistic was
1.62, indicating mild positive autocorrelation. Basic visual
inspection of residuals did not reveal extreme or systematic
patterns. Formal residual autocorrelation tests and sensitivity
analyses (eg, varying the minimum number of observations
between joinpoints or the maximum number of joinpoints)
were not performed for subgroups due to resource constraints.
Nonetheless, we considered the assumption of independence
to be approximately reasonable, while acknowledging this as
a limitation.

Ethical Considerations
This study utilized data from the CDC WONDER
database, a publicly available dataset [17]. Therefore,
institutional review board approval and informed consent
are not applicable.

Results
Annual Trends for Overall Diabetes- and
Pneumonia-Related Mortality
A total of 425,777 deaths related to DM and pneumonia
occurred between 1999 and 2022. The overall AAMR for DM
and pneumonia among individuals aged 25 years and above
was 98.73 at the start of the study period in 1999, which
decreased to 49.17 by 2016 (APC −4.68, 95% CI −9.06 to
−2.04). From 2016 onward, there was a significant increase
in the AAMR (P=.001), reaching 97.66 by 2022 (APC 23.55,
95% CI 11.59-55.40; Table 1, Figure 1).

Table 1. Annual percent change in age-adjusted mortality rates per 1,000,000 for diabetes mellitus– and pneumonia-related deaths among older
adults in the United States, 1999-2022.
Year interval Annual percent change (95% CI)
Overall
  1999‐2016 −4.68a (−9.06 to −2.04)
  2016‐2022 23.56a (11.60 to 55.41)
Men
  1999‐2016 −4.78a (−9.47 to −1.93)
  2016‐2022 24.89a (12.54 to 57.56)
Women
  1999‐2017 −4.30a (−8.08 to −1.96)
  2017‐2022 27.61a (11.63 to 68.61)
Young age
  1999‐2017 0.92 (−8.91 to 5.42)
  2017‐2022 40.34a (15.99 to 124.26)
Middle age
  1999‐2016 −2.34 (−10.49 to 2.44)
  2016‐2022 35.78a (17.83 to 93.68)
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Year interval Annual percent change (95% CI)
Old age
  1999‐2016 −5.16a (−8.76 to −2.95)
  2016‐2022 20.01a (9.84 to 46.03)
NHb White
  1999‐2017 −4.59a (−7.22 to −2.78)
  2017‐2022 25.25a (12.68 to 53.96)
NH American Indian or Alaska Native
  1999‐2016 −3.18 (−11.92 to 1.59)
  2016‐2022 29.34a (13.82 to 72.43)
NH Black or African American
  1999‐2016 −4.86a (−11.21 to −1.50)
  2016‐2022 25.28a (10.59 to 64.76)
Hispanic or Latino
  1999‐2016 −3.75 (−18.13 to 2.64)
  2016‐2022 32.28a (11.98 to 96.77)
NH Asian or Pacific Islander
  1999‐2016 −5.17a (−11.18 to −1.49)
  2016‐2022 20.37a (8.38 to 52.55)
Nonmetropolitan areas
  1999‐2018 −3.87a (−5.35 to −2.74)
  2018‐2020 64.43a (32.82 to 83.88)
Metropolitan area
  1999‐2018 −4.64a (−6.50 to −3.28)
  2018‐2020 85.94a (48.88 to 110.37)

aIndicates that the APC is significantly different from zero at α=.05.
bNH: non-Hispanic.

Figure 1. Overall and sex-stratified diabetes mellitus– and pneumonia-related age-adjusted mortality rates (AAMRs) per 1,000,000 in the United
States, 1999-2022. aThe APC is significantly different from zero at α=.05. APC: annual percentage change.

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 4
(page number not for citation purposes)

https://diabetes.jmir.org/2025/1/e78001


Annual Trends Stratified by Sex
Of the 425,777 deaths, 224,323 (52.69%) were men, and
201,454 (47.31%) were women. Overall, men consistently
had higher AAMRs than women throughout the study period.
Among men, the AAMR declined from 1999 to 2016 (APC
–4.78, 95% CI –9.46 to –1.92), followed by a sharp increase

from 62.61 in 2016 to 127.05 in 2022 (APC 24.88, 95% CI
12.53-57.56). By contrast, women’s AAMR declined from
1999 to 2017 (APC −4.30, 95% CI−8.08 to −1.95), then rose
markedly from 41.05 in 2017 to 75.25 in 2022 (APC 27.60,
95% CI 11.63-68.60; Tables 1 and 2, Figure 1).

Table 2. Overall and sex‐stratified diabetes mellitus– and pneumonia-related age-adjusted mortality rates per 1,000,000 in the United States,
1999-2022.
Year Men, age-adjusted rate (95% CI) Women, age-adjusted rate (95% CI) Overall, age-adjusted rate (95% CI)
1999 124.94 (122.22‐127.67) 82.67 (80.95‐84.39) 98.73 (97.27‐100.20)
2000 120.21 (117.56‐122.86) 80.87 (79.18‐82.56) 95.82 (94.38‐97.26)
2001 120.32 (117.70‐122.95) 77.44 (75.79‐79.09) 93.53 (92.12‐94.94)
2002 121.61 (119.00‐124.22) 80.96 (79.28‐82.63) 96.51 (95.09‐97.93)
2003 119.27 (116.72‐121.82) 78.32 (76.68‐79.95) 94.13 (92.73‐95.52)
2004 110.65 (108.22‐113.07) 73.80 (72.22‐75.38) 88.18 (86.84‐89.51)
2005 115.99 (113.54‐118.44) 76.39 (74.79‐77.99) 91.90 (90.54‐93.25)
2006 106.52 (104.21‐108.84) 72.03 (70.48‐73.57) 85.61 (84.31‐86.90)
2007 101.81 (99.58‐104.04) 66.54 (65.06‐68.01) 80.63 (79.38‐81.87)
2008 83.98 (81.98‐85.98) 59.59 (58.21‐60.97) 69.43 (68.29‐70.58)
2009 78.34 (76.43‐80.24) 53.22 (51.91‐54.52) 63.39 (62.31‐64.48)
2010 75.05 (73.20‐76.90) 49.86 (48.61‐51.11) 60.15 (59.10‐61.20)
2011 75.95 (74.12‐77.77) 51.17 (49.92‐52.42) 61.39 (60.34‐62.43)
2012 69.24 (67.52‐70.96) 47.08 (45.89‐48.28) 56.22 (55.23‐57.21)
2013 69.54 (67.84‐71.23) 47.04 (45.85‐48.22) 56.54 (55.55‐57.52)
2014 64.72 (63.11‐66.33) 43.00 (41.88‐44.13) 52.16 (51.23‐53.10)
2015 64.43 (62.84‐66.02) 43.10 (41.99‐44.21) 52.09 (51.16‐53.01)
2016 62.61 (61.07‐64.15) 39.20 (38.15‐40.26) 49.17 (48.28‐50.06)
2017 63.63 (62.09‐65.17) 41.05 (39.98‐42.12) 50.61 (49.72‐51.50)
2018 66.07 (64.53‐67.62) 42.47 (41.39‐43.55) 52.59 (51.69‐53.49)
2019 60.20 (58.75‐61.65) 37.82 (36.81‐38.83) 47.53 (46.68‐48.37)
2020 210.24 (207.58‐212.90) 119.00 (117.20‐120.79) 159.52 (157.98‐161.06)
2021 234.26 (231.42‐237.10) 75.25 (73.83‐76.66) 182.84 (181.17‐184.52)
2022 127.05 (124.98‐129.12) 83.69 (83.01‐84.38) 97.66 (96.47‐98.86)
Total 99.43 (99.02‐99.84) 99.43 (99.02‐99.84) 80.65 (80.00‐81.30)

Annual Trends Stratified by Race
Racial analysis revealed that the NH White population had
the highest burden of deaths (287,507/425,777, 67.53%),
followed by NH Black or African American (60,507/425,777,
14.21%), Hispanic or Latino (56,115/425,777, 13.18%), and
NH Asian or Pacific Islander individuals (16744/425,777,
3.93%). NH AI or AN individuals had the lowest number
of reported deaths (4904/425,777, 1.15%). After stratification

by race/ethnicity, AAMRs were the highest among AI or AN
individuals, followed by Hispanic or Latino, NH Black or
African American, NH Asian or Pacific Islander, and NH
White individuals. The AAMR of both NH Black or African
American and NH Asian or Pacific Islander individuals
decreased significantly (P=.04) from 1999 to 2016, fol-
lowed by a significant steep increase (P=.04) through 2022.
Hispanic or Latino and NH AI individuals differed in that
their AAMRs did not show a significant decrease (P=.06)
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from 1999 to 2016; however, from 2016 onward, there was a
significant increase (P=.001) until 2022. NH White individu-
als differed from all other racial groups in that their AAMR
decreased significantly (P=.002) from 89.76 in 1999 to 44.19

in 2017 (APC –4.58, 95% CI −7.21 to −2.78), followed by a
significant increase (P=.001), with the AAMR reaching 83.11
by 2022 (APC 25.25, 95% CI 12.67-53.96; Tables 1 and 3,
Figure 2).

Table 3. Diabetes mellitus– and pneumonia–related age-adjusted mortality rates per 1,000,000.
Year NH Asian or Pacific

Islander, age-adjusted
rate (95% CI)

NHa American Indian
or Alaska Native,
age-adjusted rate (95%
CI)

NH Black or African
American, age-adjusted
rate (95% CI)

NH White, age-adjusted
rate (95% CI)

Hispanic or Latino,
age-adjusted rate (95%
CI)

1999 113.1 (101.59‐124.62) 195.13 (159.88‐230.37) 156.91 (150.42‐163.41) 89.76 (88.24‐91.28) 140.62 (132.13‐149.11)
2000 100.77 (90.30‐111.24) 143.76 (114.68‐172.85) 155.40 (148.96‐161.84) 87.43 (85.93‐88.92) 130.35 (122.40‐138.30)
2001 107.30 (96.94‐117.65) 148.00 (119.17‐176.82) 146.15 (139.95‐152.35) 84.66 (83.20‐86.12) 144.52 (136.35‐152.69)
2002 109.89 (99.79‐120.00) 172.57 (141.61‐203.53) 150.69 (144.42‐156.96) 88.13 (86.65‐89.62) 132.26 (124.66‐139.86)
2003 109.78 (100.00‐119.57) 191.5 (159.06‐223.95) 145.56 (139.43‐151.68) 85.43 (83.98‐86.88) 133.28 (125.88‐140.69)
2004 102.32 (93.13‐111.52) 146.36 (119.32‐173.39) 139.77 (133.83‐145.72) 80.00 (78.60‐81.40) 120.92 (114.04‐127.80)
2005 103.23 (94.38‐112.09) 166.35 (136.73‐195.98) 143.93 (138.00‐149.86) 83.14 (81.72‐84.56) 127.45 (120.62‐134.28)
2006 98.25 (89.87‐106.64) 157.21 (129.67‐184.75) 133.91 (128.23‐139.58) 77.48 (76.12‐78.84) 118.05 (111.62‐124.48)
2007 86.04 (78.42‐93.67) 151.92 (125.28‐178.55) 123.99 (118.60‐129.39) 72.87 (71.56‐74.18) 116.12 (109.91‐122.33)
2008 86.60 (79.18‐94.01) 121.77 (99.20‐144.34) 109.82 (104.82‐114.82) 61.26 (60.06‐62.45) 103.98 (98.28‐109.68)
2009 77.51 (70.76‐84.27) 117.82 (95.53‐140.12) 100.07 (95.36‐104.78) 55.31 (54.18‐56.45) 98.18 (92.89‐103.48)
2010 72.76 (66.35‐79.17) 116.68 (94.89‐138.48) 95.65 (91.08‐100.22) 52.31 (51.22‐53.40) 94.56 (89.39‐99.72)
2011 69.99 (63.99‐76.00) 115.75 (94.65‐136.85) 97.48 (92.94‐102.01) 53.76 (52.67‐54.86) 92.69 (87.78‐97.59)
2012 58.84 (53.49‐64.19) 96.50 (77.69‐115.31) 88.72 (84.48‐92.95) 49.47 (48.42‐50.52) 84.14 (79.62‐88.67)
2013 62.55 (57.25‐67.85) 127.44 (106.49‐148.39) 87.25 (83.13‐91.38) 49.14 (48.10‐50.17) 86.18 (81.73‐90.62)
2014 53.90 (49.18‐58.62) 106.82 (88.30‐125.34) 76.19 (72.41‐79.97) 45.98 (44.98‐46.98) 77.53 (73.45‐81.60)
2015 53.82 (49.26‐58.39) 126.13 (106.66‐145.61) 73.77 (70.11‐77.43) 46.40 (45.40‐47.40) 74.72 (70.83‐78.62)
2016 50.94 (46.63‐55.25) 94.76 (77.77‐111.75) 73.60 (70.00‐77.20) 42.98 (42.03‐43.93) 72.22 (68.49‐75.96)
2017 53.83 (49.53‐58.13) 123.20 (104.90‐141.50) 69.60 (66.17‐73.03) 44.19 (43.23‐45.15) 77.01 (73.28‐80.74)
2018 53.12 (48.98‐57.25) 106.65 (89.98‐123.32) 76.74 (73.19‐80.29) 46.68 (45.70‐47.67) 72.08 (68.55‐75.62)
2019 46.20 (42.46‐49.95) 95.65 (80.41‐110.89) 69.58 (66.25‐72.91) 41.71 (40.79‐42.63) 67.54 (64.20‐70.88)
2020 165.78 (158.90‐172.67) 451.73 (419.44‐484.02) 298.61 (291.87‐305.35) 102.85 (101.41‐104.28) 404.48 (396.66‐412.31)
2021 85.50 (80.60‐90.41) 482.03 (447.47‐516.60) 271.20 (264.75‐277.64) 138.97 (137.24‐140.69) 380.84 (373.36‐388.32)
2022 88.75 (83.82‐93.68) 242.20 (218.02‐266.38) 140.80 (136.19‐145.41) 83.11 (81.81‐84.40) 155.03 (150.24‐159.82)
Total 91.01 (89.48‐92.54) 168.31 (163.10‐173.52) 130.47 (129.39‐131.55) 67.42 (67.15‐67.69) 130.53 (129.26‐131.80)

aNH: non-Hispanic.
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Figure 2. Diabetes mellitus– and pneumonia-related age-adjusted mortality rates (AAMRs) per 1,000,000, stratified by race in the United States,
1999-2022. aThe APC is significantly different from zero at α=.05. APC: annual percentage change; NH: non-Hispanic.

Annual Trends Stratified by Age Groups
The older adult group (65‐85+ years) accounted for a
whopping 341,295 deaths (constituting 80.16% of all
mortality; N=425,777), distantly followed by the middle-
aged (45‐64 years) and young adult groups (25‐44 years),
with 73,817 (17.34%) and 10,665 (2.50%) deaths, respec-
tively. Overall, the older adult group (65‐85+ years) had the
highest AAMR, followed by the middle-aged group (45‐64
years) and the young adult group (25‐44 years). Starting

in 1999, both young adult and middle-aged group AAMRs
remained relatively stable until 2016, followed by a signif-
icant and dramatic increase (P=.001) through 2022. Older
adults differed from the other 2 groups in that their AAMR
steadily decreased from 440.9 in 1999 to 206.9 in 2017
(APC −5.15, 95% CI −8.76 to −2.94). From 2017 to 2022,
the AAMR significantly increased (P=.001), reaching 371.3
(APC 20.01, 95% CI 9.84-46.02; Tables 1 and 4, Figure 3).

Table 4. Diabetes mellitus– and pneumonia-related age-adjusted mortality rates per 1,000,000, stratified by age groups in the United States,
1999-2022.
Year Young adults (25‐44 years),

age-adjusted rate (95% CI)
Middle aged (45‐64 years), age-
adjusted rate (95% CI)

Older adults (65‐85+ years),
age-adjusted rate (95% CI)

1999 4.13 (3.69‐4.56) 31.50 (30.09‐32.92) 440.09 (433.08‐447.10)
2000 3.45 (3.06‐3.85) 30.74 (29.35‐32.12) 428.12 (421.24‐434.99)
2001 3.27 (2.88‐3.66) 31.16 (29.79‐32.52) 416.08 (409.35‐422.81)
2002 3.66 (3.25‐4.08) 31.64 (30.30‐32.99) 429.58 (422.78‐436.38)
2003 3.82 (3.39‐4.24) 30.52 (29.23‐31.82) 418.96 (412.29‐425.63)
2004 3.98 (3.55‐4.42) 29.07 (27.83‐30.31) 390.69 (384.28‐397.10)
2005 3.93 (3.49‐4.36) 31.95 (30.67‐33.23) 404.79 (398.32‐411.26)
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Year Young adults (25‐44 years),

age-adjusted rate (95% CI)
Middle aged (45‐64 years), age-
adjusted rate (95% CI)

Older adults (65‐85+ years),
age-adjusted rate (95% CI)

2006 3.88 (3.45‐4.31) 30.06 (28.85‐31.28) 376.03 (369.85‐382.22)
2007 3.31 (2.91‐3.71) 29.37 (28.18‐30.56) 353.14 (347.19‐359.08)
2008 4.13 (3.68‐4.58) 26.02 (24.91‐27.13) 299.79 (294.37‐305.21)
2009 4.89 (4.40‐5.38) 26.45 (25.34‐27.55) 266.35 (261.28‐271.42)
2010 3.63 (3.20‐4.05) 23.55 (22.52‐24.58) 257.81 (252.86‐262.76)
2011 3.85 (3.41‐4.28) 24.24 (23.20‐25.27) 262.43 (257.50‐267.36)
2012 3.75 (3.32‐4.18) 23.36 (22.34‐24.38) 237.75 (233.11‐242.39)
2013 3.99 (3.55‐4.43) 24.45 (23.42‐25.48) 236.90 (232.33‐241.47)
2014 4.08 (3.63‐4.53) 24.81 (23.77‐25.85) 213.68 (209.38‐217.97)
2015 3.65 (3.23‐4.08) 23.39 (22.39‐24.40) 216.77 (212.50‐221.04)
2016 4.18 (3.73‐4.63) 23.51 (22.51‐24.52) 200.37 (196.31‐204.43)
2017 4.27 (3.82‐4.73) 23.86 (22.85‐24.88) 206.93 (202.87‐211.00)
2018 4.80 (4.32‐5.28) 26.74 (25.65‐27.82) 210.76 (206.72‐214.81)
2019 4.21 (3.76‐4.66) 25.15 (24.09‐26.21) 189.05 (185.28‐192.82)
2020 15.31 (14.46‐16.16) 103.79 (101.64‐105.94) 597.69 (591.07‐604.30)
2021 24.31 (23.23‐25.38) 147.52 (144.93‐150.11) 618.97 (612.14‐625.79)
2022 9.16 (8.51‐9.82) 60.75 (59.09‐62.40) 371.34 (366.18‐376.49)
Total 5.53 (5.41‐5.65) 34.09 (33.82‐34.36) 330.07 (329.01‐331.13)

Figure 3. Diabetes mellitus– and pneumonia-related age-adjusted mortality rates (AAMRs) per 1,000,000, stratified by age group in the United
States, 1999-2022. aThe APC is significantly different from zero at α=.05. APC: annual percentage change.

Annual Trends Stratified by Geographic
Region
As data on urbanization status are available only up to 2020,
a total of 351,840 deaths could be recorded, with 278,378
(79.12%) deaths occurring in metropolitan areas and 73,462
(20.88%) in nonmetropolitan areas. Overall, nonmetropoli-
tan areas had higher AAMRs than metropolitan areas. The
AAMR in metropolitan areas decreased from 1999 to 2018
(APC −4.64, 95% CI−6.49 to −3.27), followed by a signifi-
cantly steeper increase (P=.002) through 2020 (APC 85.93,
95% CI 48.88 to −110.37). The AAMR in nonmetropolitan
areas followed a similar trend, decreasing from 110 in 1999 to
67.61 in 2018 (APC −3.86, 95% CI −5.34 to −2.73). By 2020,

the AAMR had significantly increased (P=.002) to 168.76
(APC 64.42, 95% CI 32.82-83.88; Tables 1 and 5, Figure 4).

The South region bore the greatest burden of deaths, with
159,187 out of 425,777 (37.39%) fatalities, followed by the
West (104,971 deaths, 24.65%), Midwest (92,161 deaths,
21.65%), and Northeast (69,458 deaths, 16.31%) regions.
Overall, the AAMR was highest in the West region, followed
by the South, Midwest, and Northeast regions. The North-
east and South regions showed a significant decrease in
AAMR (P=.002) from 1999 to 2016, followed by a signifi-
cant increase (P=.001) through 2022. By contrast, the West
and Midwest regions experienced a decrease in AAMR from
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1999 to 2017, after which, similar to the other 2 regions,
AAMRs increased through 2022 (Tables 1 and 6, Figure 5).

Table 5. Diabetes mellitus– and pneumonia–related age-adjusted mortality rates per 1,000,000, stratified by urban-rural classification in the United
States, 1999-2022.
Year Metropolitan, age-adjusted rate (95% CI) Nonmetropolitan, age-adjusted rate (95% CI)
1999 96.03 (94.42‐97.64) 110.06 (106.51‐113.60)
2000 92.97 (91.39‐94.54) 107.76 (104.27‐111.25)
2001 91.32 (89.77‐92.86) 103.06 (99.66‐106.47)
2002 92.31 (90.76‐93.85) 114.75 (111.17‐118.33)
2003 89.87 (88.36‐91.37) 112.40 (108.87‐115.93)
2004 84.59 (83.14‐86.04) 103.99 (100.61‐107.38)
2005 87.91 (86.45‐89.38) 109.42 (105.97‐112.88)
2006 82.32 (80.92‐83.73) 100.17 (96.89‐103.45)
2007 76.80 (75.45‐78.14) 97.81 (94.58‐101.03)
2008 65.55 (64.32‐66.78) 87.08 (84.05‐90.11)
2009 61.24 (60.06‐62.41) 73.47 (70.68‐76.25)
2010 57.18 (56.05‐58.30) 73.81 (71.04‐76.58)
2011 59.06 (57.93‐60.19) 72.27 (69.55‐74.99)
2012 53.62 (52.56‐54.69) 68.73 (66.10‐71.37)
2013 53.85 (52.79‐54.90) 69.63 (66.99‐72.27)
2014 49.71 (48.71‐50.71) 64.27 (61.74‐66.80)
2015 49.30 (48.31‐50.29) 66.08 (63.53‐68.62)
2016 47.14 (46.19‐48.09) 59.28 (56.88‐61.69)
2017 47.69 (46.75‐48.64) 65.58 (63.06‐68.10)
2018 49.67 (48.71‐50.62) 67.61 (65.06‐70.15)
2019 45.04 (44.14‐45.94) 60.55 (58.17‐62.94)
2020 157.81 (156.14‐159.48) 168.76 (164.77‐172.76)
Total 72.91 (72.64‐73.18) 89.34 (88.67‐90.01)

Figure 4. Diabetes mellitus– and pneumonia-related age-adjusted mortality rates (AAMRs) per 1,000,000, stratified by urbanization group in the
United States, 1999-2020. aThe APC is significantly different from zero at α=.05. APC: annual percentage change.
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Table 6. Diabetes mellitus– and pneumonia-related age-adjusted mortality rates per 1,000,000, stratified by census region in the United States, 1999
to 2022.
Year Northeast, age-adjusted rate

(95% CI)
Midwest, age-adjusted rate
(95% CI)

South, age-adjusted rate (95%
CI)

West, age-adjusted rate (95%
CI)

1999 90.91 (87.86‐93.96) 102.43 (99.38‐105.47) 92.78 (90.37‐95.19) 112.87 (109.33‐116.41)
2000 91.78 (88.73‐94.83) 94.04 (91.13‐96.94) 92.16 (89.78‐94.54) 108.30 (104.86‐111.73)
2001 85.79 (82.86‐88.71) 90.63 (87.79‐93.46) 90.67 (88.33‐93.02) 109.68 (106.27‐113.09)
2002 88.35 (85.40‐91.31) 96.13 (93.22‐99.04) 94.49 (92.11‐96.87) 108.47 (105.11‐111.82)
2003 84.25 (81.38‐87.13) 94.12 (91.26‐96.98) 90.91 (88.59‐93.22) 109.31 (105.98‐112.63)
2004 78.26 (75.50‐81.02) 90.11 (87.32‐92.90) 84.41 (82.21‐86.62) 102.05 (98.86‐105.24)
2005 79.82 (77.05‐82.59) 95.19 (92.34‐98.04) 87.53 (85.31‐89.76) 106.69 (103.48‐109.90)
2006 74.15 (71.50‐76.81) 87.82 (85.10‐90.55) 81.50 (79.38‐83.62) 100.67 (97.58‐103.76)
2007 68.48 (65.93‐71.03) 83.68 (81.05‐86.31) 78.02 (75.97‐80.08) 93.13 (90.20‐96.06)
2008 58.36 (56.03‐60.70) 71.57 (69.15‐73.99) 66.23 (64.36‐68.11) 82.67 (79.94‐85.40)
2009 52.10 (49.90‐54.30) 64.44 (62.16‐66.73) 61.98 (60.19‐63.77) 74.69 (72.13‐77.25)
2010 50.14 (48.00‐52.29) 58.43 (56.26‐60.59) 60.65 (58.89‐62.40) 69.96 (67.51‐72.41)
2011 53.66 (51.46‐55.86) 62.75 (60.52‐64.98) 57.56 (55.87‐59.24) 72.96 (70.49‐75.42)
2012 47.99 (45.92‐50.05) 55.36 (53.29‐57.43) 56.00 (54.36‐57.64) 64.31 (62.02‐66.59)
2013 48.51 (46.44‐50.57) 54.35 (52.31‐56.40) 56.96 (55.33‐58.59) 64.72 (62.47‐66.98)
2014 46.46 (44.44‐48.48) 50.81 (48.84‐52.77) 53.37 (51.81‐54.92) 55.97 (53.90‐58.04)
2015 46.78 (44.76‐48.79) 50.74 (48.79‐52.68) 52.42 (50.90‐53.94) 57.05 (54.99‐59.11)
2016 41.72 (39.83‐43.61) 46.14 (44.30‐47.99) 50.89 (49.41‐52.38) 55.31 (53.30‐57.31)
2017 41.19 (39.34‐43.04) 46.46 (44.63‐48.30) 52.08 (50.60‐53.56) 59.73 (57.68‐61.78)
2018 43.97 (42.06‐45.87) 49.82 (47.93‐51.71) 54.83 (53.32‐56.33) 58.20 (56.20‐60.19)
2019 41.30 (39.47‐43.13) 42.20 (40.48‐43.92) 50.40 (48.97‐51.82) 52.57 (50.69‐54.45)
2020 134.73 (131.42‐138.04) 146.56 (143.36‐149.76) 172.03 (169.44‐174.62) 169.59 (166.25‐172.92)
2021 96.86 (94.04‐99.69) 149.58 (146.27‐152.88) 215.70 (212.74‐218.66) 228.36 (224.42‐232.31)
2022 65.95 (63.66‐68.23) 88.47 (85.98‐90.96) 109.85 (107.80‐111.91) 111.59 (108.89‐114.29)
Total 69.60 (69.07‐70.13) 80.06 (79.51‐80.61) 81.78 (81.35‐82.21) 93.04 (92.43‐93.65)

Figure 5. Diabetes mellitus– and pneumonia-related age-adjusted mortality rates (AAMRs) per 1,000,000, stratified by census regions in the United
States, 1999-2022.
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Type 1 Diabetes Mellitus–, Type 2
Diabetes Mellitus–, and Pneumonia-
Related Mortality
Based on the type of DM, diabetes- and pneumonia-related
mortality exhibited a fascinating trend. The AAMR for type
1 DM and pneumonia-related mortality was 9.2 in 1999,
dropping significantly (P=.04) to 1.4 by 2015 (APC −11.94,
95% CI −13.67 to −10.79). After 2015, the AAMR began
increasing, reaching 3.2 by 2021; however, it dropped again

to 1.7 in 2022. The overall trend from 2015 to 2022 was
increasing in nature (APC 14.23, 95% CI 7.35-32.51). In
terms of type 2 DM and pneumonia-related mortality, the
AAMR remained relatively stable, from 18.8 in 1999 to
19.4 in 2017 (APC −2.09, 95% CI −6.27 to 2.42). From
2017, there was a drastic increase, and the AAMR reached a
staggering 62.2 by 2020 (APC 58.74, 95% CI 10.56-81.43).
After 2020, the AAMR began to decline, reaching 41.6,
still higher than the previous baseline (APC −8.93, 95% CI
−29.36 to 28.61; Figure 6).

Figure 6. Diabetes mellitus– and pneumonia-related age-adjusted mortality rates (AAMRs) per 1,000,000 in the United States, 1999-2022, stratified
by type of diabetes mellitus. T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus.

Discussion
Principal Findings
In this 2-decade analysis, we showed an overall decrease
in mortality due to DM and pneumonia, which aligns with
previous literature [18]. This decline can be attributed to
factors such as better glycemic control in patients with
diabetes, thereby preventing infections; improved manage-
ment of fatal cardiovascular outcomes in such patients;
and enhanced treatment protocols for pneumonia, including
the use of antibiotics and vaccines [18-20]. Furthermore,
all demographic and regional trends revealed significant
differences in mortality rates. Men, AIs/ANs, individuals
aged 65‐86+ years, residents of nonmetropolitan areas, and
those in the western region had higher mortality rates. In
addition, a significant increase in mortality was observed
during the COVID-19 pandemic.
Gender Disparities
In our study, men were shown to have a higher mortality rate
than women because of DM and pneumonia. This dispar-
ity can be attributed to sex differences in the prevalence
of comorbidities such as CVD, smoking, and DM. Males
are more inclined to engage in unfavorable lifestyle habits

(eg, alcohol consumption, drug abuse, and smoking), which
increases the risk for comorbidities such as hypertension,
chronic obstructive pulmonary disease (COPD), DM, CKD,
and CVD [20]. The increased frequency of DM in men is
consistent with the literature and is primarily influenced by
factors such as poor dietary practices, smoking, obesity, and
alcoholism [21,22]. As these factors are more commonly
observed in men than in women, they contribute to a higher
risk of developing COPD and heart disease. COPD is also an
independent risk factor for pneumonia in patients with DM
[23]. In addition, men are more likely to experience occu-
pational exposure to pathogens such as Klebsiella, Strep-
tococcus pneumoniae, and Chlamydia pneumophila [24].
Furthermore, during COVID-19, when there was a significant
increase in mortality rates among both sexes, this dispar-
ity persisted, with men accounting for a higher percentage
of overall mortality. This may be because, compared with
women, men are more likely to dismiss the risk of COVID-19
and, as a result, adopt fewer behavioral modifications, such
as wearing masks or avoiding contact with people outside
the home. It has also been reported that wearing masks is
perceived by some men as a sign of “frailty” or “weakness”
[25,26]. Notably, essential services, including transportation,
law enforcement, emergency response, and industry, have a
predominantly male workforce, resulting in a higher risk of
exposure to the COVID-19 virus [27]. Furthermore, during
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hospitalization for COVID-19, poor diabetic control and
compliance have been linked to severe pneumonia and poorer
outcomes in patients with DM. Specifically, elevated plasma
glucose levels are a predictor of fatal COVID-19 in men,
but not in women [28]. Men also exhibit a greater inflam-
matory response in airways, due to increased accumulation
of neutrophils and cytokines such as interleukin-8, interleu-
kin-1β, and tumor necrosis factor-α, which likely contributes
to the higher incidence and worse outcomes observed in men
[29].

On the other hand, females have stronger immunity against
viral infections, and this enhanced response can be attributed
to increased antibody production driven by hormonal and
genetic factors [30-32]. However, there is a more sincere
counterpoint to these seemingly rosy figures for women.
Compared with men, women with DM type 2 have a higher
relative risk of CVD and mortality. Furthermore, young
women with type 2 DM are less likely than men to receive the
treatment and CVD risk reduction strategies recommended
by current guidelines. These guidelines also lack informa-
tion regarding gender-sensitive prevention and management
approaches. Further research into the underlying mechanisms
is essential to strengthen the evidence base and improve
outcomes moving forward [33].
Age Differences
The mortality trends by age stratification shown in our study
differed significantly among older adults, middle-aged, and
younger individuals. One possible explanation for this finding
is that older adults with DM are at increased risk for CKD and
CVD [34], both of which have been associated with higher
mortality in patients with diabetes with pneumonia [35].

Evidence also suggests that multisystem geriatric
syndromes are increasingly linked to DM [36]. These
syndromes, including falls, functional decline, and delirium,
are more common among older adults. They often contribute
to disability and lower health-related quality of life, acting as
barriers to regular check-ups and follow-ups, and potentially
leading to poorer overall health care outcomes [37]. Further-
more, aging, increased levels of HbA1c, and the accumula-
tion of glycation end products may heighten susceptibility to
infections in older individuals, as these factors are associ-
ated with diminished immune function and can contribute to
increased morbidity and mortality [38].

DM is associated with a reduced health-related quality of
life [38]. Contributing factors include the effects of poly-
pharmacy, which can increase the risk of drug interactions,
exacerbate geriatric syndromes, and even lead to death, as
well as a greater risk of other chronic conditions and diabetes-
specific complications. Additionally, the higher likelihood
of older Americans having an annual income below the
federal poverty level suggests that many seniors may have
a limited capacity to manage DM and its consequences, due
to socioeconomic constraints [3940].

Racial/Ethnic Disparities
Racial trends in mortality due to DM and pneumonia show
the highest mortality rates among NH AI/AN individuals,
with Hispanics and NH African Americans occupying the
second position at different points in time. A significant
factor underlying this trend in NH AI/AN populations is the
consistently higher prevalence of DM across all ages and both
sexes [39]. This prevalence is nearly 3 times higher than that
of US NH White individuals [4142]. Additionally, AI/AN
populations with DM are significantly more prone to CVD,
approximately 3-4 times more than those without DM [43].
These populations also tend to have a higher prevalence of
multiple risk factors, including tobacco use, DM, hyperten-
sion, and dyslipidemia [44]. According to a previous study,
26.7% of AI/AN adults identified as smokers, making tobacco
use a major public health concern in this group. Similarly,
approximately 10% of individuals aged 12 years and older
reported alcohol abuse, the highest rate among all the ethnic
groups in the United States [45]. Public health care initia-
tives targeting these communities, especially those focused on
smoking and alcohol use, could help raise awareness. Support
groups and addiction clinics may also provide considerable
benefit in addressing these issues.

Moreover, socioeconomic factors also contribute to this
disparity. In 2010, 23% of AI/AN families had incomes
below the poverty line, compared with 16% of the gen-
eral population [46]. In addition, the environment faced
by these individuals is often marked by lower educational
attainment and higher stress levels. These factors make it
more difficult for certain populations to access and afford
health care services necessary to manage complex conditions
involving the coexistence of DM and pneumonia [47,48].
Furthermore, a significant increase in mortality was observed
among all racial groups during the COVID-19 pandemic,
with the effect being particularly pronounced in the AI/AN
population. This may be attributed to the greater social
vulnerability and exposure to structural racism in these
communities, which make them more susceptible to adverse
health outcomes and mortality during public health emergen-
cies, such as COVID-19 infections in patients with DM [49].
This situation is further compounded by widespread mistrust
of medical institutions, which is more common among Black
and AI/AN communities. During the COVID-19 era, this
mistrust contributed to vaccine hesitancy, thereby increasing
the burden of respiratory infections in these populations [50].
Urban-Rural Differences
Our study revealed a greater increase in mortality rates
in rural areas than in urban areas. This disparity can be
attributed to the limited access rural residents have to the
specialized health care required to manage DM and its
complications [51]. The rural population in the United States
also has a relatively high percentage of uninsured individuals
[52]. Notably, only 11% of all physicians choose to prac-
tice in rural settings [53], leading to a shortage of emer-
gency services, critical care resources, and subspecialty care
[54]. To worsen matters, limited transportation options and
longer travel times to health care facilities further contribute
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to the overall problem [55]. Telehealth and mobile health
care services have the potential to address some of these
deficiencies; we discuss these approaches in greater detail
below. Furthermore, rural populations experience a higher
prevalence of chronic conditions such as DM, largely due to
increased rates of obesity and metabolic syndrome in these
areas [56]. In addition, the concentration of unhealthy older
individuals in rural communities further increases vulnerabil-
ity to both DM and pneumonia [57].

Additionally, rural areas have a disproportionately large
older adult population, comprising 22% of all older adults
in the United States, despite only 15% of the overall US
population residing in these regions [58]. As older individu-
als are at increased risk of developing DM and pneumonia,
their growing presence in rural areas may help explain the
observed mortality trends. Moreover, a high risk of pneumo-
nia in rural areas has been linked to increased indoor and
outdoor air pollution, as well as agricultural waste, which
releases reactive nitrogen species and fine particulate matter,
both of which adversely affect respiratory function [59].
Proximity to poultry farms and other agricultural settings
has also been associated with an imbalance in the micro-
bial composition of the respiratory tract, increasing suscept-
ibility to pneumonia [60]. Finally, rural health systems
were comparatively slower in responding to the COVID-19
pandemic. Public health measures such as mask wearing
and lockdowns had a limited impact on behavior in these
communities [61].
Geographical Trends
In terms of regions, the West and South recorded the highest
mortality rates. According to census reports, Southern states
such as Virginia and Florida have median ages at or above
60 [62]. As previously established, older individuals are
more predisposed to DM and its complications, which may
help explain the elevated mortality in this region. Similarly,
African Americans are more heavily concentrated in the
Southern states [63], and we have shown that this population
experiences higher mortality rates due to DM and pneumonia.
The increased mortality rates observed in the West may be
attributed to the rising populations of AI/AN individuals in
states such as California, Alaska, and Arizona [64]. Given
that AIs/ANs exhibited the highest mortality rates in our
study, this demographic shift could be a contributing factor to
the trend. However, literature on regional mortality trends due
to DM and pneumonia remains limited, and further research is
needed to better understand this variable.
Mortality Stratified by Type of Diabetes
Mellitus
The significant decline in AAMRs among patients with
type 1 DM from 1999 (9.2) to 2015 (1.4) strongly sug-
gests improved use of insulin pumps, continuous glucose
monitors, mobile apps, and advanced insulin therapies, all
of which have contributed to better glycemic control [65].
Moreover, improved influenza and pneumococcal vaccina-
tion coverage, along with early management of respiratory
infections in younger populations with diabetes, has further

contributed to reduced mortality over time [5]. However,
the reversal of this trend after 2015, with AAMR peaking
at 3.2 in 2021 before a slight decline in 2022, warrants
attention. The rise in pneumonia-related mortality among
patients with type 1 DM between 2015 and 2021 may be
attributed to an increase in adult-onset type 1 DM, inade-
quate adult vaccination coverage, and poor glycemic control
during transitional phases in adolescents and young adults.
The COVID-19 pandemic further exacerbated these risks
through immune dysregulation, altered angiotensin-convert-
ing enzyme 2 expression, and health care disruptions, which
may have delayed appropriate management [66]. The decline
observed after 2022 is likely attributable to the effectiveness
of COVID-19 vaccines.

Contrastingly, in type 2 DM, AAMRs remained high
but relatively stable from 1999 (18.8) to 2017 (19.4),
suggesting a plateau in the effectiveness of interventions—
a balance between improved care and the rising prevalence
of diabetes. However, mortality increased significantly after
2017, reaching 62.2 by 2020. After 2017, the disproportion-
ate impact of the COVID-19 pandemic—characterized by
immune dysfunction, cytokine storms, hospital overload, and
disruptions in diabetes care—combined with rising obesity,
advanced age, and comorbidities to drive a dramatic increase
in pneumonia-related deaths among patients with type 2 DM
[67]. Polypharmacy, frailty, reduced physical activity, and
mental health issues further compromised glycemic control.
The subsequent decline after 2020 likely reflects the impact
of targeted public health initiatives, improved treatment
guidelines, the expansion of telemedicine, and prioritized
COVID-19 vaccination [68].
COVID-19 Pandemic–Driven Reversal of
Mortality Gains
The pandemic reversed 2 decades of progress, erasing 17
years of declining mortality gains as overall rates rebounded
to near-1999 levels by 2022. Adults aged 65 and older were
most severely affected, with AAMRs rising sharply from
206.9 in 2017 to 371.3 in 2022, reversing prior improve-
ments. Although men consistently had higher death rates,
women experienced a steeper increase during the pandemic
(APC 24.88 in males vs 27.60 in females). Rural commun-
ities—already at a disadvantage—experienced catastrophic
spikes (APC 64.42 after 2018), while AI/AN populations
faced the most severe inequities. The West and South bore the
highest mortality burdens, likely due to their higher pro-
portions of aging populations and AI/AN residents. Cru-
cially, mortality related to type 2 diabetes and pneumonia—
previously stable—surged during the pandemic, with AAMRs
peaking at 62.2 in 2020. This spike reflects the lethal synergy
between COVID-19 and metabolic dysfunction, exacerbated
by disrupted care and widespread comorbidities.
Future Interventions
A number of interventions can be implemented in the future
to improve control and prevention. The first and foremost
is greater vaccination coverage. Influenza vaccines, such as
the 23-valent pneumococcal polysaccharide vaccine (PPV23)

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 13
(page number not for citation purposes)

https://diabetes.jmir.org/2025/1/e78001


and the 13-valent pneumococcal conjugate vaccine (PCV13),
have significantly improved the prognosis of patients with
pneumonia with increased risk factors such as DM [69,70].
Second, controlling plasma glucose levels is essential for
reducing the risk of pneumonia in patients with DM.
Therefore, the next key intervention is improving glycemic
levels and their control through the use of noninvasive
glucose monitoring systems [71]. Telehealth opportunities
and improving health care equity can help reduce rural-urban
disparities in trends [72]. To enhance health literacy among
the AI/AN population, the National Heart, Lung, and Blood
Institute has developed the Honoring the Gift of Heart Health
curriculum [73]. Health literacy plays an essential role in
addressing medical mistrust within ethnic communities. The
development of specific and targeted programs, such as the
National Diabetes Education Program (to provide diabetes
education for various audiences), the Chronic Kidney Disease
Initiative, and the Diabetes Prevention Program (to improve
lifestyle factors among patients with DM), has the potential to
significantly reduce mortality trends across all age and racial
groups.
Limitations
There are several limitations to this study. First, reliance
on death certificates and ICD codes may have resulted in
both unintentional misreporting and underreporting of DM
and pneumonia as causes of death. Cause-of-death report-
ing can be inconsistent; in particular, diabetes is frequently
underreported on death certificates. A CDC analysis found
that only 41% of decedents known to have diabetes had it
recorded on their death certificate [74]. Therefore, the use
of death certificates likely underestimates the true incidence
of pneumonia-related deaths in individuals with diabetes
and may bias results toward cases where physicians explic-
itly linked the 2 conditions. Furthermore, the potential
impact of changes in coding practices (especially the shift
in coding pneumonia vs COVID-19 in 2020 and beyond)
cannot be ruled out. Second, variables such as vital signs,
laboratory findings, and genetic data were not available,
even though they are known to be important in understand-
ing the extent of the disease. These omissions mean that
potential confounders (eg, poverty, which correlates with
both diabetes prevalence and pneumonia outcomes) could not
be adjusted for, and causal inferences remain speculative.
The study design is purely descriptive and therefore cannot
determine why certain groups experience higher mortality—
for instance, whether this is due to higher prevalence of
diabetes, differences in health care, or other risk factors.
Third, AAMRs reflect population-level burden but conflate
DM prevalence with case-fatality risk. Future research would
benefit from examining mortality rates specifically among

individuals with diabetes, or determining the proportion of
pneumonia deaths that occur in those with diabetes, to
better assess the risk to patients with diabetes versus the
broader population-level burden. Fourth, joinpoint analyses
were conducted across multiple subgroups without formal
correction for multiple comparisons. Although the major
trend inflection observed around 2016‐2018 was consis-
tent across most subgroups, smaller or borderline changes
in individual subgroups should be interpreted with cau-
tion. Identical settings were applied across subgroups, with
weighted BIC selecting 2 joinpoints in each case to enable
comparability; however, this uniform approach may underfit
or overfit trends specific to individual subgroups. Formal
sensitivity analyses to explore alternative parameter choices
(eg, minimum observations between joinpoints, maximum
number of joinpoints) were not conducted due to resource
constraints; this may have affected the detection of shorter or
additional trend segments. Residual diagnostics for the overall
model indicated a Durbin-Watson statistic of 1.62, suggesting
mild positive autocorrelation. While basic visual checks did
not reveal extreme systematic departures, residual correla-
tion cannot be entirely ruled out and represents a potential
limitation. Fifth, data on the efficacy of interventions are
limited, as information on the impact of medical therapies
and treatments for DM and pneumonia is not available.
Additionally, baseline characteristics such as atherosclerosis,
atrial fibrillation, ischemic conditions, or other coexisting
infections, which may significantly contribute to mortality in
patients with DM or pneumonia, are also missing. Finally,
datasets concerning socioeconomic factors and educational
attainment are unavailable; these variables may influence
access to care and health outcomes, further limiting the
study’s scope.
Conclusion
Mortality trends among patients with DM and pneumo-
nia varied across all demographic factors. Although an
overall decline in mortality rates was observed across
most groups, a significant increase occurred during the
COVID-19 period. The highest mortality rates were repor-
ted among older individuals (65-86+ years), males, and NH
AIs. Additionally, nonmetropolitan areas, especially in the
West region, experienced the highest mortality. Therefore,
glycemic control in all patients with DM is essential, whether
through monitoring systems or preventive programs. There is
a pressing need to allocate sufficient resources to underserved
regions and overlooked populations to improve their mortality
outcomes. Longitudinal surveillance and tailored interven-
tions (eg, telehealth, mobile clinics) targeting high-risk
populations are urgently needed to mitigate disparities.

Data Availability
The raw data used to support the findings of this study are available for download from [17], and the processed data are
available from [75]. This research did not receive any external funding.
Authors’ Contributions
Conceptualization: AD
Data curation: AZ, ASH, ARF
Formal analysis: AZ, ASH

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 14
(page number not for citation purposes)

https://diabetes.jmir.org/2025/1/e78001


Methodology: PS
Project administration: AD
Supervision: AD
Validation: RM, AD
Writing—original draft: AZ, ASH, ARF, MF, MAH, Abdullah, MS
Writing—review and editing: PS, RM, AD
All authors have read and agreed to the published version of the manuscript.
Conflicts of Interest
None declared.
References
1. Korbel L, Spencer JD. Diabetes mellitus and infection: an evaluation of hospital utilization and management costs in the

United States. J Diabetes Complications. Mar 2015;29(2):192-195. [doi: 10.1016/j.jdiacomp.2014.11.005] [Medline:
25488325]

2. Stoeckle M, Kaech C, Trampuz A, Zimmerli W. The role of diabetes mellitus in patients with bloodstream infections.
Swiss Med Wkly. Sep 6, 2008;138(35-36):512-519. [doi: 10.4414/smw.2008.12228] [Medline: 18792825]

3. Peleg AY, Weerarathna T, McCarthy JS, Davis TME. Common infections in diabetes: pathogenesis, management and
relationship to glycaemic control. Diabetes Metab Res Rev. Jan 2007;23(1):3-13. [doi: 10.1002/dmrr.682] [Medline:
16960917]

4. Rao Kondapally Seshasai S, Kaptoge S, Thompson A, et al. Emerging risk factors collaboration. Diabetes mellitus,
fasting glucose, and risk of cause-specific death. N Engl J Med. 2011:829-841. [doi: 10.1056/NEJMoa1008862]

5. Cilloniz C, Torres A. Diabetes mellitus and pneumococcal pneumonia. Diagnostics (Basel). Apr 22, 2024;14(8):14. [doi:
10.3390/diagnostics14080859] [Medline: 38667504]

6. Holland E, Jabbar ABA, Asghar MS, et al. Demographic and regional trends of pneumonia mortality in the United
States, 1999 to 2022. Sci Rep. Mar 24, 2025;15(1):10103. [doi: 10.1038/s41598-025-94715-6] [Medline: 40128337]

7. Obianyo CM, Muoghalu N, Adjei EM, et al. Trends and disparities in pneumonia-related mortality in the U.S.
population: a nationwide analysis using the CDC WONDER data. Cureus. May 2025;17(5):e83371. [doi: 10.7759/
cureus.83371] [Medline: 40458354]

8. Rashid AM, Jamil A, Khan Z, et al. Trends in mortality related to kidney failure and diabetes mellitus in the United
States: a 1999-2020 analysis. J Nephrol. Sep 2024;37(7):1833-1841. [doi: 10.1007/s40620-024-01990-z] [Medline:
38916852]

9. Ashraf H, Ashfaq H, Ahmed S, Ashraf A. Two decades of influenza and pneumonia mortality trends: demographics,
regional shifts and disparities in the United States: 1999 to 2020. Am J Infect Control. Oct 2024;52(10):1152-1159. [doi:
10.1016/j.ajic.2024.05.003] [Medline: 38776982]

10. Dugani SB, Wood-Wentz CM, Mielke MM, Bailey KR, Vella A. Assessment of disparities in diabetes mortality in
adults in US rural vs nonrural counties, 1999-2018. JAMA Netw Open. Sep 1, 2022;5(9):e2232318. [doi: 10.1001/
jamanetworkopen.2022.32318] [Medline: 36125809]

11. About multiple cause of death, 1999-2020. Centers for Disease Control and Prevention (CDC). URL: https://wonder.cdc.
gov/mcd-icd10.html [Accessed 2025-07-28]

12. Naveed MA, Alboushi Aldabagh M, Ali A, et al. Abstract 4139353: Geographic, gender, & racial trends in mortality due
to coronary artery disease in obesity among adults aged 25 and older in the United States, 1999-2020: a CDC WONDER
database analysis. Circulation. Nov 12, 2024;150(Suppl_1):A4139353-A4139353. [doi: 10.1161/circ.150.suppl_1.
4139353]

13. Shah NS, Lloyd-Jones DM, O’Flaherty M, et al. Trends in Cardiometabolic Mortality in the United States, 1999-2017.
JAMA. Aug 27, 2019;322(8):780-782. [doi: 10.1001/jama.2019.9161] [Medline: 31454032]

14. Naveed MA, Ali A, Neppala S, et al. Abstract 4134912: Geographic, Gender,&Racial Trends in Mortality Due to
Coronary Artery Disease in Diabetes among Adults Aged 25 and Older in the United States, 1999-2020: A CDC
WONDER Database Analysis. Circulation. Nov 12, 2024;150(Suppl_1):A4134912-A4134912. [doi: 10.1161/circ.150.
suppl_1.4134912]

15. Anderson RN, Rosenberg HM. Age standardization of death rates: implementation of the year 2000 standard. Natl Vital
Stat Rep. Oct 7, 1998;47(3):1-16, [Medline: 9796247]

16. Joinpoint trend analysis software. National Cancer Institute. URL: https://surveillance.cancer.gov/joinpoint/ [Accessed
2025-07-28]

17. CDC WONDER. Centers for Disease Control and Prevention (CDC). URL: wonder.cdc.gov/ [Accessed 2025-07-18]

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 15
(page number not for citation purposes)

https://doi.org/10.1016/j.jdiacomp.2014.11.005
http://www.ncbi.nlm.nih.gov/pubmed/25488325
https://doi.org/10.4414/smw.2008.12228
http://www.ncbi.nlm.nih.gov/pubmed/18792825
https://doi.org/10.1002/dmrr.682
http://www.ncbi.nlm.nih.gov/pubmed/16960917
https://doi.org/10.1056/NEJMoa1008862
https://doi.org/10.3390/diagnostics14080859
http://www.ncbi.nlm.nih.gov/pubmed/38667504
https://doi.org/10.1038/s41598-025-94715-6
http://www.ncbi.nlm.nih.gov/pubmed/40128337
https://doi.org/10.7759/cureus.83371
https://doi.org/10.7759/cureus.83371
http://www.ncbi.nlm.nih.gov/pubmed/40458354
https://doi.org/10.1007/s40620-024-01990-z
http://www.ncbi.nlm.nih.gov/pubmed/38916852
https://doi.org/10.1016/j.ajic.2024.05.003
http://www.ncbi.nlm.nih.gov/pubmed/38776982
https://doi.org/10.1001/jamanetworkopen.2022.32318
https://doi.org/10.1001/jamanetworkopen.2022.32318
http://www.ncbi.nlm.nih.gov/pubmed/36125809
https://wonder.cdc.gov/mcd-icd10.html
https://wonder.cdc.gov/mcd-icd10.html
https://doi.org/10.1161/circ.150.suppl_1.4139353
https://doi.org/10.1161/circ.150.suppl_1.4139353
https://doi.org/10.1001/jama.2019.9161
http://www.ncbi.nlm.nih.gov/pubmed/31454032
https://doi.org/10.1161/circ.150.suppl_1.4134912
https://doi.org/10.1161/circ.150.suppl_1.4134912
http://www.ncbi.nlm.nih.gov/pubmed/9796247
https://surveillance.cancer.gov/joinpoint/
https://diabetes.jmir.org/2025/1/e78001


18. Gregg EW, Cheng YJ, Saydah S, et al. Trends in death rates among U.S. adults with and without diabetes between 1997
and 2006: findings from the National Health Interview Survey. Diabetes Care. Jun 2012;35(6):1252-1257. [doi: 10.2337/
dc11-1162] [Medline: 22619288]

19. Silverii GA, Gabutti G, Tafuri S, et al. Diabetes as a risk factor for pneumococcal disease and severe related outcomes
and efficacy/effectiveness of vaccination in diabetic population. Results from meta-analysis of observational studies.
Acta Diabetol. Aug 2024;61(8):1029-1039. [doi: 10.1007/s00592-024-02282-5] [Medline: 38684540]

20. Brandi ML. Are sex hormones promising candidates to explain sex disparities in the COVID-19 pandemic? Rev Endocr
Metab Disord. Apr 2022;23(2):171-183. [doi: 10.1007/s11154-021-09692-8] [Medline: 34761329]

21. Bralić Lang V, Bergman Marković B. Prevalence of comorbidity in primary care patients with type 2 diabetes and its
association with elevated HbA1c: a cross-sectional study in Croatia. Scand J Prim Health Care. 2016;34(1):66-72. [doi:
10.3109/02813432.2015.1132886] [Medline: 26853192]

22. Indicadores de salud 2017. Ministerio de Sanidad. URL: https://www.sanidad.gob.es/estadEstudios/estadisticas/
inforRecopilaciones/docs/Indicadores2017.pdf [Accessed 2025-07-28]

23. Menéndez R, España PP, Pérez-Trallero E, et al. The burden of PCV13 serotypes in hospitalized pneumococcal
pneumonia in Spain using a novel urinary antigen detection test. CAPA study. Vaccine (Auckl). Sep 18,
2017;35(39):5264-5270. [doi: 10.1016/j.vaccine.2017.08.007] [Medline: 28823622]

24. Faradonbeh FA, Khedri F, Doosti A. Legionella pneumophila in bronchoalveolar lavage samples of patients suffering
from severe respiratory infections: role of age, sex and history of smoking in the prevalence of bacterium. Srp Arh Celok
Lek. 2015;143(5-6):274-278. [doi: 10.2298/sarh1506274f] [Medline: 26259398]

25. Barber SJ, Kim H. COVID-19 worries and behavior changes in older and younger men and women. J Gerontol B
Psychol Sci Soc Sci. Jan 18, 2021;76(2):e17-e23. [doi: 10.1093/geronb/gbaa068] [Medline: 32427341]

26. Zhu L, She ZG, Cheng X, et al. Association of blood glucose control and outcomes in patients with COVID-19 and pre-
existing type 2 diabetes. Cell Metab. Jun 2, 2020;31(6):1068-1077. [doi: 10.1016/j.cmet.2020.04.021] [Medline:
32369736]

27. Haischer MH, Beilfuss R, Hart MR, et al. Who is wearing a mask? Gender-, age-, and location-related differences during
the COVID-19 pandemic. PLoS One. 2020;15(10):e0240785. [doi: 10.1371/journal.pone.0240785] [Medline: 33057375]

28. Tramunt B, Smati S, Coudol S, et al. Sex disparities in COVID-19 outcomes of inpatients with diabetes: insights from
the CORONADO study. Eur J Endocrinol. Jul 5, 2021;185(2):299-311. [doi: 10.1530/EJE-21-0068] [Medline:
34085949]

29. Chamekh M, Deny M, Romano M, et al. Differential susceptibility to infectious respiratory diseases between males and
females linked to sex-specific innate immune inflammatory response. Front Immunol. 2017;8:1806. [doi: 10.3389/
fimmu.2017.01806] [Medline: 29321783]

30. Scully EP, Haverfield J, Ursin RL, Tannenbaum C, Klein SL. Considering how biological sex impacts immune
responses and COVID-19 outcomes. Nat Rev Immunol. Jul 2020;20(7):442-447. [doi: 10.1038/s41577-020-0348-8]
[Medline: 32528136]

31. Bunders MJ, Altfeld M. Implications of sex differences in immunity for SARS-CoV-2 pathogenesis and design of
therapeutic interventions. Immunity. Sep 15, 2020;53(3):487-495. [doi: 10.1016/j.immuni.2020.08.003] [Medline:
32853545]

32. Mauvais-Jarvis F, Klein SL, Levin ER. Estradiol, progesterone, immunomodulation, and COVID-19 outcomes.
Endocrinology. Sep 1, 2020;161(9):bqaa127. [doi: 10.1210/endocr/bqaa127] [Medline: 32730568]

33. Kautzky-Willer A, Leutner M, Harreiter J. Sex differences in type 2 diabetes. Diabetologia. Jun 2023;66(6):986-1002.
[doi: 10.1007/s00125-023-05891-x] [Medline: 36897358]

34. Caspersen CJ, Thomas GD, Boseman LA, Beckles GLA, Albright AL. Aging, diabetes, and the public health system in
the United States. Am J Public Health. Aug 2012;102(8):1482-1497. [doi: 10.2105/AJPH.2011.300616] [Medline:
22698044]

35. Yende S, van der Poll T, Lee M, et al. The influence of pre-existing diabetes mellitus on the host immune response and
outcome of pneumonia: analysis of two multicentre cohort studies. Thorax. Oct 1, 2010;65(10):870-877. [doi: 10.1136/
thx.2010.136317]

36. Lu FP, Lin KP, Kuo HK. Diabetes and the risk of multi-system aging phenotypes: a systematic review and meta-
analysis. PLoS One. 2009;4(1):e4144. [doi: 10.1371/journal.pone.0004144] [Medline: 19127292]

37. Inouye SK, Studenski S, Tinetti ME, Kuchel GA. Geriatric syndromes: clinical, research, and policy implications of a
core geriatric concept. J Am Geriatr Soc. May 2007;55(5):780-791. [doi: 10.1111/j.1532-5415.2007.01156.x] [Medline:
17493201]

38. Rajagopalan S. Serious infections in elderly patients with diabetes mellitus. Clin Infect Dis. Apr 1, 2005;40(7):990-996.
[doi: 10.1086/427690] [Medline: 15824991]

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 16
(page number not for citation purposes)

https://doi.org/10.2337/dc11-1162
https://doi.org/10.2337/dc11-1162
http://www.ncbi.nlm.nih.gov/pubmed/22619288
https://doi.org/10.1007/s00592-024-02282-5
http://www.ncbi.nlm.nih.gov/pubmed/38684540
https://doi.org/10.1007/s11154-021-09692-8
http://www.ncbi.nlm.nih.gov/pubmed/34761329
https://doi.org/10.3109/02813432.2015.1132886
http://www.ncbi.nlm.nih.gov/pubmed/26853192
https://www.sanidad.gob.es/estadEstudios/estadisticas/inforRecopilaciones/docs/Indicadores2017.pdf
https://www.sanidad.gob.es/estadEstudios/estadisticas/inforRecopilaciones/docs/Indicadores2017.pdf
https://doi.org/10.1016/j.vaccine.2017.08.007
http://www.ncbi.nlm.nih.gov/pubmed/28823622
https://doi.org/10.2298/sarh1506274f
http://www.ncbi.nlm.nih.gov/pubmed/26259398
https://doi.org/10.1093/geronb/gbaa068
http://www.ncbi.nlm.nih.gov/pubmed/32427341
https://doi.org/10.1016/j.cmet.2020.04.021
http://www.ncbi.nlm.nih.gov/pubmed/32369736
https://doi.org/10.1371/journal.pone.0240785
http://www.ncbi.nlm.nih.gov/pubmed/33057375
https://doi.org/10.1530/EJE-21-0068
http://www.ncbi.nlm.nih.gov/pubmed/34085949
https://doi.org/10.3389/fimmu.2017.01806
https://doi.org/10.3389/fimmu.2017.01806
http://www.ncbi.nlm.nih.gov/pubmed/29321783
https://doi.org/10.1038/s41577-020-0348-8
http://www.ncbi.nlm.nih.gov/pubmed/32528136
https://doi.org/10.1016/j.immuni.2020.08.003
http://www.ncbi.nlm.nih.gov/pubmed/32853545
https://doi.org/10.1210/endocr/bqaa127
http://www.ncbi.nlm.nih.gov/pubmed/32730568
https://doi.org/10.1007/s00125-023-05891-x
http://www.ncbi.nlm.nih.gov/pubmed/36897358
https://doi.org/10.2105/AJPH.2011.300616
http://www.ncbi.nlm.nih.gov/pubmed/22698044
https://doi.org/10.1136/thx.2010.136317
https://doi.org/10.1136/thx.2010.136317
https://doi.org/10.1371/journal.pone.0004144
http://www.ncbi.nlm.nih.gov/pubmed/19127292
https://doi.org/10.1111/j.1532-5415.2007.01156.x
http://www.ncbi.nlm.nih.gov/pubmed/17493201
https://doi.org/10.1086/427690
http://www.ncbi.nlm.nih.gov/pubmed/15824991
https://diabetes.jmir.org/2025/1/e78001


39. Rubin RR, Peyrot M. Quality of life and diabetes. Diabetes Metab Res Rev. 1999;15(3):205-218. [doi: 10.1002/
(sici)1520-7560(199905/06)15:3<205::aid-dmrr29>3.0.co;2-o] [Medline: 10441043]

40. Barnes PM, Adams PF, Powell-Griner E. Health characteristics of the American Indian or Alaska Native adult
population: United States, 2004-2008. Natl Health Stat Report. Mar 9, 2010(20):1-22. [Medline: 20583451]

41. Hutchinson RN, Shin S. Systematic review of health disparities for cardiovascular diseases and associated factors among
American Indian and Alaska Native populations. PLoS One. 2014;9(1):e80973. [doi: 10.1371/journal.pone.0080973]
[Medline: 24454685]

42. McLaughlin S. Traditions and diabetes prevention: a healthy path for Native Americans. Diabetes Spectr. Jan 1,
2010;23(4):272-277. [doi: 10.2337/diaspect.23.4.272]

43. Eichner JE, Wang W, Zhang Y, Lee ET, Welty TK. Tobacco use and cardiovascular disease among American Indians:
the Strong Heart Study. Int J Environ Res Public Health. Oct 2010;7(10):3816-3830. [doi: 10.3390/ijerph7103816]
[Medline: 21139862]

44. Odani S, Armour BS, Graffunder CM, Garrett BE, Agaku IT. Prevalence and disparities in tobacco product use among
American Indians/Alaska Natives - United States, 2010-2015. MMWR Morb Mortal Wkly Rep. Dec 22,
2017;66(50):1374-1378. [doi: 10.15585/mmwr.mm6650a2] [Medline: 29267265]

45. SAMHSA (Substance Abuse and Mental Health Services Administration). URL: https://www.samhsa.gov/ [Accessed
2025-07-28]

46. Poudel A, Zhou JY, Story D, Li L. Diabetes and associated cardiovascular complications in American Indians/Alaskan
Natives: a review of risks and prevention strategies. J Diabetes Res. 2018;2018:2742565. [doi: 10.1155/2018/2742565]
[Medline: 30302343]

47. John-Henderson NA, White EJ, Crowder TL. Resilience and health in American Indians and Alaska Natives: a scoping
review of the literature. Dev Psychopathol. Dec 2023;35(5):2241-2252. [doi: 10.1017/S0954579423000640] [Medline:
37345444]

48. American Indian/Alaska Native Health. Office of Minority Health. URL: https://minorityhealth.hhs.gov/american-
indianalaska-native-health [Accessed 2025-05-20]

49. Rodriguez-Díaz CE, Lewellen-Williams C. Race and racism as structural determinants for emergency and recovery
response in the aftermath of Hurricanes Irma and Maria in Puerto Rico. Health Equity. 2020;4(1):232-238. [doi: 10.1089/
heq.2019.0103] [Medline: 32462105]

50. Nguyen LH, Joshi AD, Drew DA, et al. Self-reported COVID-19 vaccine hesitancy and uptake among participants from
different racial and ethnic groups in the United States and United Kingdom. Nat Commun. Feb 1, 2022;13(1):636. [doi:
10.1038/s41467-022-28200-3] [Medline: 35105869]

51. Kirby JB, Yabroff KR. Rural-urban differences in access to primary care: beyond the usual source of care provider. Am J
Prev Med. Jan 2020;58(1):89-96. [doi: 10.1016/j.amepre.2019.08.026] [Medline: 31862103]

52. National Center for Health Statistics (US). Health, United States, 2013: With Special Feature on Prescription Drugs.
National Center for Health Statistics (US); 2014. [Medline: 24967476]

53. Rural america at a glance, 2018 edition. US Department of Agriculture. 2018. URL: https://www.ers.usda.gov/
publications/pub-details?pubid=90555#download [Accessed 2025-07-28]

54. Gamm L, Hutchison L. Rural healthy people 2010--evolving interactive practice. Am J Public Health. Oct
2004;94(10):1711-1712. [doi: 10.2105/ajph.94.10.1711] [Medline: 15451738]

55. Payne S, Jarrett N, Jeffs D. The impact of travel on cancer patients’ experiences of treatment: a literature review. Eur J
Cancer Care (Engl). Dec 2000;9(4):197-203. [doi: 10.1046/j.1365-2354.2000.00225.x] [Medline: 11829366]

56. Trivedi T, Liu J, Probst JC, Martin AB. The metabolic syndrome: are rural residents at increased risk? J Rural Health.
2013;29(2):188-197. [doi: 10.1111/j.1748-0361.2012.00422.x] [Medline: 23551649]

57. Garcia MC, Rossen LM, Bastian B, et al. Potentially excess deaths from the five leading causes of death in metropolitan
and nonmetropolitan counties - United States, 2010-2017. MMWR Surveill Summ. Nov 8, 2019;68(10):1-11. [doi: 10.
15585/mmwr.ss6810a1] [Medline: 31697657]

58. Cohen SA, Greaney ML. Aging in rural communities. Curr Epidemiol Rep. 2023;10(1):1-16. [doi: 10.1007/s40471-022-
00313-9] [Medline: 36404874]

59. Smit LAM, Heederik D. Impacts of intensive livestock production on human health in densely populated regions.
Geohealth. Sep 2017;1(7):272-277. [doi: 10.1002/2017GH000103] [Medline: 32158992]

60. Smit LAM, Boender GJ, de Steenhuijsen Piters WAA, et al. Increased risk of pneumonia in residents living near poultry
farms: does the upper respiratory tract microbiota play a role? Pneumonia (Nathan). 2017;9:3. [doi: 10.1186/s41479-017-
0027-0] [Medline: 28702305]

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 17
(page number not for citation purposes)

https://doi.org/10.1002/(sici)1520-7560(199905/06)15:3<205::aid-dmrr29>3.0.co;2-o
https://doi.org/10.1002/(sici)1520-7560(199905/06)15:3<205::aid-dmrr29>3.0.co;2-o
http://www.ncbi.nlm.nih.gov/pubmed/10441043
http://www.ncbi.nlm.nih.gov/pubmed/20583451
https://doi.org/10.1371/journal.pone.0080973
http://www.ncbi.nlm.nih.gov/pubmed/24454685
https://doi.org/10.2337/diaspect.23.4.272
https://doi.org/10.3390/ijerph7103816
http://www.ncbi.nlm.nih.gov/pubmed/21139862
https://doi.org/10.15585/mmwr.mm6650a2
http://www.ncbi.nlm.nih.gov/pubmed/29267265
https://www.samhsa.gov/
https://doi.org/10.1155/2018/2742565
http://www.ncbi.nlm.nih.gov/pubmed/30302343
https://doi.org/10.1017/S0954579423000640
http://www.ncbi.nlm.nih.gov/pubmed/37345444
https://minorityhealth.hhs.gov/american-indianalaska-native-health
https://minorityhealth.hhs.gov/american-indianalaska-native-health
https://doi.org/10.1089/heq.2019.0103
https://doi.org/10.1089/heq.2019.0103
http://www.ncbi.nlm.nih.gov/pubmed/32462105
https://doi.org/10.1038/s41467-022-28200-3
http://www.ncbi.nlm.nih.gov/pubmed/35105869
https://doi.org/10.1016/j.amepre.2019.08.026
http://www.ncbi.nlm.nih.gov/pubmed/31862103
http://www.ncbi.nlm.nih.gov/pubmed/24967476
https://www.ers.usda.gov/publications/pub-details?pubid=90555#download
https://www.ers.usda.gov/publications/pub-details?pubid=90555#download
https://doi.org/10.2105/ajph.94.10.1711
http://www.ncbi.nlm.nih.gov/pubmed/15451738
https://doi.org/10.1046/j.1365-2354.2000.00225.x
http://www.ncbi.nlm.nih.gov/pubmed/11829366
https://doi.org/10.1111/j.1748-0361.2012.00422.x
http://www.ncbi.nlm.nih.gov/pubmed/23551649
https://doi.org/10.15585/mmwr.ss6810a1
https://doi.org/10.15585/mmwr.ss6810a1
http://www.ncbi.nlm.nih.gov/pubmed/31697657
https://doi.org/10.1007/s40471-022-00313-9
https://doi.org/10.1007/s40471-022-00313-9
http://www.ncbi.nlm.nih.gov/pubmed/36404874
https://doi.org/10.1002/2017GH000103
http://www.ncbi.nlm.nih.gov/pubmed/32158992
https://doi.org/10.1186/s41479-017-0027-0
https://doi.org/10.1186/s41479-017-0027-0
http://www.ncbi.nlm.nih.gov/pubmed/28702305
https://diabetes.jmir.org/2025/1/e78001


61. Lundberg DJ, Wrigley-Field E, Cho A, et al. COVID-19 mortality by race and ethnicity in US metropolitan and
nonmetropolitan areas, March 2020 to February 2022. JAMA Netw Open. May 1, 2023;6(5):e2311098. [doi: 10.1001/
jamanetworkopen.2023.11098] [Medline: 37129894]

62. Hyer KM, MacDonald G, Black K, NSB A, Murphy SP, Haley WE. Preparing for Florida’s older adult population
growth with user-friendly demographic maps. Florida Public Health Review. 2017;14:33-44.

63. Thompson AB, Sloan MM. Race as region, region as race: How Black and White Southerners understand their regional
identities. Southern Cultures. Dec 2012;18(4):72-95. [doi: 10.1353/scu.2012.0042]

64. Glick JE, Han SY. Socioeconomic stratification from within: changes within American Indian cohorts in the United
States: 1990–2010. Popul Res Policy Rev. Feb 2015;34(1):77-112. [doi: 10.1007/s11113-014-9355-4]

65. Beck RW, Riddlesworth T, Ruedy K, et al. Effect of continuous glucose monitoring on glycemic control in adults with
type 1 diabetes using insulin injections: the DIAMOND randomized clinical trial. JAMA. Jan 24, 2017;317(4):371-378.
[doi: 10.1001/jama.2016.19975] [Medline: 28118453]

66. Apicella M, Campopiano MC, Mantuano M, Mazoni L, Coppelli A, Del Prato S. COVID-19 in people with diabetes:
understanding the reasons for worse outcomes. Lancet Diabetes Endocrinol. Sep 2020;8(9):782-792. [doi: 10.1016/
S2213-8587(20)30238-2] [Medline: 32687793]

67. Green WD, Beck MA. Obesity impairs the adaptive immune response to influenza virus. Ann Am Thorac Soc. Nov
2017;14(Supplement_5):S406-S409. [doi: 10.1513/AnnalsATS.201706-447AW] [Medline: 29161078]

68. Moghadas SM, Vilches TN, Zhang K, et al. The impact of vaccination on coronavirus disease 2019 (COVID-19)
outbreaks in the United States. Clin Infect Dis. 2021;73:2257-2264. [doi: 10.1093/cid/ciab079]] [Medline: 33515252]

69. Niederman MS, Folaranmi T, Buchwald UK, Musey L, Cripps AW, Johnson KD. Efficacy and effectiveness of a 23-
valent polysaccharide vaccine against invasive and noninvasive pneumococcal disease and related outcomes: a review of
available evidence. Expert Rev Vaccines. Mar 4, 2021;20(3):243-256. [doi: 10.1080/14760584.2021.1880328]

70. Cook IF. Sexual dimorphism of humoral immunity with human vaccines. Vaccine (Auckl). Jul
2008;26(29-30):3551-3555. [doi: 10.1016/j.vaccine.2008.04.054]

71. Abubeker KM, Baskar S. A machine learning strategy for internet-of-things-enabled diabetic prediction to mitigate
pneumonia risk. Presented at: 2022 10th International Conference on Reliability, Infocom Technologies and
Optimization (Trends and Future Directions) (ICRITO; Oct 13-14, 2022; Noida, Uttar Pradesh, India. 2022.[doi: 10.
1109/ICRITO56286.2022.9964842]

72. Kobo O, Van Spall HGC, Mamas MA. Urban-rural disparities in diabetes-related mortality in the USA 1999-2019.
Diabetologia. Dec 2022;65(12):2078-2083. [doi: 10.1007/s00125-022-05785-4] [Medline: 36085381]

73. Devereux RB, Roman MJ, Palmieri V, et al. Prognostic implications of ejection fraction from linear echocardiographic
dimensions: the Strong Heart Study. Am Heart J. Sep 2003;146(3):527-534. [doi: 10.1016/S0002-8703(03)00229-1]
[Medline: 12947374]

74. McEwen LN, Karter AJ, Curb JD, Marrero DG, Crosson JC, Herman WH. Temporal trends in recording of diabetes on
death certificates: results from Translating Research Into Action for Diabetes (TRIAD). Diabetes Care. Jul
2011;34(7):1529-1533. [doi: 10.2337/dc10-2312] [Medline: 21709292]

75. Diabetes and pneumonia. Zenodo. URL: https://zenodo.org/records/15500901 [Accessed 2025-07-28]

Abbreviations
AAMR: age-adjusted mortality rate
AI: American Indian
AN: Alaska Native
APC: annual percentage change
BIC: Bayesian information criterion
CDC WONDER: Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research
CKD: chronic kidney disease
COPD: chronic obstructive pulmonary disease
CVD: cardiovascular disease
DM: diabetes mellitus
ICD-10: International Statistical Classification of Diseases and Related Health Problems, 10th Revision
NH: non-Hispanic
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology

Edited by Sheyu Li; peer-reviewed by Adarsh Raja, Elaina Pasangha; submitted 23.05.2025; final revised version received
24.06.2025; accepted 25.06.2025; published 07.08.2025

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 18
(page number not for citation purposes)

https://doi.org/10.1001/jamanetworkopen.2023.11098
https://doi.org/10.1001/jamanetworkopen.2023.11098
http://www.ncbi.nlm.nih.gov/pubmed/37129894
https://doi.org/10.1353/scu.2012.0042
https://doi.org/10.1007/s11113-014-9355-4
https://doi.org/10.1001/jama.2016.19975
http://www.ncbi.nlm.nih.gov/pubmed/28118453
https://doi.org/10.1016/S2213-8587(20)30238-2
https://doi.org/10.1016/S2213-8587(20)30238-2
http://www.ncbi.nlm.nih.gov/pubmed/32687793
https://doi.org/10.1513/AnnalsATS.201706-447AW
http://www.ncbi.nlm.nih.gov/pubmed/29161078
https://doi.org/10.1093/cid/ciab079]
http://www.ncbi.nlm.nih.gov/pubmed/33515252
https://doi.org/10.1080/14760584.2021.1880328
https://doi.org/10.1016/j.vaccine.2008.04.054
https://doi.org/10.1109/ICRITO56286.2022.9964842
https://doi.org/10.1109/ICRITO56286.2022.9964842
https://doi.org/10.1007/s00125-022-05785-4
http://www.ncbi.nlm.nih.gov/pubmed/36085381
https://doi.org/10.1016/S0002-8703(03)00229-1
http://www.ncbi.nlm.nih.gov/pubmed/12947374
https://doi.org/10.2337/dc10-2312
http://www.ncbi.nlm.nih.gov/pubmed/21709292
https://zenodo.org/records/15500901
https://diabetes.jmir.org/2025/1/e78001


Please cite as:
Zaman A, Hafeez AS, Faisal AR, Faizan M, Humayun MA, Abdullah, Shahid M, Singh P, Maity R, Dhali A
Trends in Mortality From Co-Occurring Diabetes Mellitus and Pneumonia in the United States (1999-2022): Retrospective
Analysis of the Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research (CDC
WONDER) Database
JMIR Diabetes 2025;10:e78001
URL: https://diabetes.jmir.org/2025/1/e78001
doi: 10.2196/78001

© Asad Zaman, Ali Shan Hafeez, Abdul Rafae Faisal, Muhammad Faizan, Mohammad Abdullah Humayun, Abdullah,
Mavra Shahid, Pramod Singh, Rick Maity, Arkadeep Dhali. Originally published in JMIR Diabetes (https://diabetes.jmir.org),
07.08.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work, first published in JMIR Diabetes, is properly cited. The complete bibliographic information, a link to the
original publication on https://diabetes.jmir.org/, as well as this copyright and license information must be included.

JMIR DIABETES Zaman et al

https://diabetes.jmir.org/2025/1/e78001 JMIR Diabetes 2025 | vol. 10 | e78001 | p. 19
(page number not for citation purposes)

https://diabetes.jmir.org/2025/1/e78001
https://doi.org/10.2196/78001
https://diabetes.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://diabetes.jmir.org/
https://diabetes.jmir.org/2025/1/e78001

	Trends in Mortality From Co-Occurring Diabetes Mellitus and Pneumonia in the United States (1999-2022): Retrospective Analysis of the Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research (CDC WONDER) Database
	Introduction
	Methods
	Screening of Data
	Ethics Considerations
	Data Extraction
	Data Analysis
	Trend Analysis
	Ethical Considerations

	Results
	Annual Trends for Overall Diabetes- and Pneumonia-Related Mortality
	Annual Trends Stratified by Sex
	Annual Trends Stratified by Race
	Annual Trends Stratified by Age Groups
	Annual Trends Stratified by Geographic Region
	Type 1 Diabetes Mellitus–, Type 2 Diabetes Mellitus–, and Pneumonia-Related Mortality

	Discussion
	Principal Findings
	Gender Disparities
	Age Differences
	Racial/Ethnic Disparities
	Urban-Rural Differences
	Geographical Trends
	Mortality Stratified by Type of Diabetes Mellitus
	COVID-19 Pandemic–Driven Reversal of Mortality Gains
	Future Interventions
	Limitations
	Conclusion



