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Summary
Background Long-term SARS-CoV-2 adverse health outcomes are of significant concern, especially among young
adults with the potential for the greatest long-term morbidity. We sought to assess and characterize these
outcomes in a cohort of Marines.

Methods We used a cohort of US Marines from a previous longitudinal, prospective observational study of acute
SARS-CoV-2, most of whom were enrolled prior to infection. A panel study was established to assess for post-acute
sequelae of COVID-19 (PASC), defined as symptoms at least 4 weeks after symptom onset or diagnosis. Symptoms
were assessed through questionnaires and validated quality of health metrics. Periodic US Marine Corps fitness
testing metrics provided an additional standardized functional assessment and were compared to a pre-pandemic
cohort.

Findings Globally dispersed Marine participants (n = 899) seen an average of 330 days following initial enrollment
were predominately male (n = 825, 91.7%), White (n = 613, 71.6%) or Black (n = 149, 17.4%) with a median age of 18
years (interquartile range: 18–19). Among 798 SARS-CoV-2 infected participants, 197 (24.7%) developed PASC. The
most prevalent symptoms were loss of taste and/or smell (n = 82; 41.6%), shortness of breath (n = 74; 37.6%), and
cough (n = 45; 22.8%). Those with PASC had higher rates and severity of somatic (p < 0.0001), general depressive
(p < 0.0001), and anxiety (p = 0.005) symptoms. Compared to a historic cohort of Marines, participants with
PASC scored worse on their physical fitness assessments due to slower run times (p = 0.002). Those with PASC
continued to have decreased physical performance one year after completing initial training.

Interpretation In this population of healthy young adult US Marines with mostly either asymptomatic or mild acute
COVID-19, one fourth reported physical, cognitive, or psychiatric long-term sequelae of infection. The Marines
affected with PASC showed evidence of long-term decrease in functional performance suggesting that SARS-CoV-
2 infection may negatively affect health for a significant proportion of young adults.
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Research in context

Evidence before this study
We searched PubMed for longitudinal studies among young,
healthy adults evaluating the risk and effects of post-acute
symptoms of COVID-19 (PASC). We used the following search
terms: “military” AND (“long covid” OR “PASC”), (“PASC” OR
“long COVID”) AND “young” AND “adult”. We identified
several cohorts established to evaluate PASC in various
populations. These included the RECOVER Cohort, the Johns
Hopkins COVID Long Study, the Arizona CoVHORT, the Dallas
Fort-Worth (DFW) COVID-19 Prevalence Study, as well as
population-based cohort studies in the Ukraine, Denmark,
Norway, and Costa Rica, and in military populations in France,
Switzerland, Belgium, and the UK. Most of these studies
highlighted a risk of PASC even following symptomatically
mild infections. Furthermore, chronic symptoms were
heterogeneous with the potential to negatively affect quality
of life months after initial infection. In military populations,
long-term sequelae were reported in comparable frequencies
to the general population with negative effects on exercise
performance.

Added value of this study
The findings of this COVID-19 Health Action for Marines
(CHARM) 2.0 study add to the expanding literature on the
chronic sequelae of acute infection with SARS-CoV-2.
Importantly, our population was initially enrolled in the
CHARM study at the very early stages of the SARS-CoV-2
pandemic and followed prospectively throughout the early
stages of their recruit training. After completing recruit
training, our population departed to their subsequent duty
stations for additional training and/or assignment where they

were located and assessed for PASC. Because our population
was limited to active-duty US Marines, the population is a
unique young and healthy subset of the general population
with little to no comorbid conditions. As such, the initial
acute SARS-CoV-2 infections were predominately
asymptomatic or pauci-symptomatic. Regardless, even in this
population, approximately a quarter developed PASC which
was associated with higher rates of somatic symptoms,
depression, and anxiety. Additionally, PASC had a measurable
effect on physical fitness exemplified by an increase in the
time needed to complete a standard run as part of the Marine
Corps physical fitness assessment in those with PASC
compared to uninfected Marines and a reference cohort of
pre-pandemic Marines. These objective and subjective data
highlight the significant negative effects of acute SARS-CoV-2
infection on long-term health and point to an important
disease burden.

Implications of all the available evidence
The risk of long-term sequelae secondary to acute SARS-CoV-
2 infection varies across studies; however, even in young
healthy populations with very mild acute illness a proportion
of infected individuals develop long-lasting symptoms. These
symptoms are associated with physiological changes,
measurable reductions in quality of life, and reduced physical
fitness. The heterogenous nature of these chronic sequelae
confound efforts to identify consistent risk factors and limit
available tools for risk mitigation. More work is needed to
better understand the host–pathogen interaction to inform
these mitigation and treatment strategies.
Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus that causes coronavirus disease 2019
(COVID-19), is associated with long-term clinical
post-infection sequalae.1 Despite advances in our un-
derstanding of pathogenesis,2,3 the need for studies on
post-acute sequelae of COVID-19 (PASC) is widely
recognized.4–6

PASC is associated with decreased functional ca-
pacity7 and reduced exercise capacity,8 particularly con-
cerning for those9 whose jobs or hobbies require
physical fitness10 and who are unable to return to full
participation following infection.11 PASC can lead to
decreased performance or absenteeism from work,
impaired daily functioning, and poor quality of life.12

Mental health concerns including depression, persis-
tent cognitive and psycho-emotional deficits, and
decreased inhibition, is seen even among young adults
following mild COVID-19.13
Studying PASC in young adults who often experi-
enced mild or asymptomatic infection14 is particularly
difficult due to their infrequent interaction with or
distrust of the medical system.15 However, younger
adults have the potential to have the most long-lasting
sequelae with extended disability and decreased func-
tional status.16,17 Longitudinal studies with proper con-
trols are needed to determine the burden of PASC on
young adults.18

The COVID-19 Health Action Response for Marines
(CHARM) Study was a longitudinal, prospective,
observational study of United States (US) Marine Corps
recruits with scheduled visits and PCR testing for SARS-
CoV-2 from Spring-Fall 2020.14 More than 90% of the
CHARM participants were serologically naïve at enroll-
ment.14,19 A follow-on study, CHARM 2.0, sought to
extend the observation period among CHARM partici-
pants as they transitioned from recruit training into
military service. The CHARM 2.0 study sought to assess
www.thelancet.com Vol 39 November, 2024
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the risk of long-term SARS-CoV-2 complications in this
otherwise young, healthy cohort.
Methods
Study design
CHARM 2.0 was a panel study, a type of longitudinal
study with data collected at specific intervals,20 in which
a cross-section of CHARM participants14 were longitu-
dinally sampled approximately every 6 months after
completing recruit training. Visits were asynchronous
and depended on a participant’s availability at the site on
the specific date (Fig. 1A and B). Remaining on active
duty was an inclusion criterion for this study. CHARM
2.0 participants were enrolled at their duty stations
throughout the continental United States, Hawaii, and
Okinawa, Japan. Participants were contacted by the
study team from February 2021 until April 2022. All
participants provided written informed consent prior to
the initiation of any study procedures. This study was
approved by the ethical review committee at the Naval
Medical Research Command, Silver Spring, MD
(NMRC.2021.0004) in compliance with all Federal reg-
ulations governing the protection of human subjects.
This study followed the STROBE guidelines.
Fig. 1: Enrollment and follow-up of participants in CHARM 2.0 across res
Camp Lejeune (Jacksonville, NC) and surrounding bases; 2) Twentynine P
Marines Corps Recruit Depot Parris Island (Parris Island, SC); 4) Washing
Hawaii MCBH (Kaneohe Bay, Honolulu, HI); 7) Okinawa, Japan. A total of
times. B: The number of participants completing the research survey an
duration. C: Total duration of participant follow-up from their initial enro
last assessment in this study. D: The number of enrolled participants by
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Questionnaire
Participants completed a detailed questionnaire (see
Supplementary Methods) that captured medical history
since participation in the original CHARM study,
including information on SARS-CoV-2 infections and
acute and long-term effects of SARS-CoV-2 infection.
The questionnaire also incorporated validated ques-
tionnaires to assess well-being (Patient Health
Questionnaire-15, PHQ-1521), depression (PHQ-8),22

anxiety (Generalized Anxiety Disorder-7, GAD-723), and
sleep (Epworth Sleep Scale, ESS24–26).

COVID-19 symptom severity was categorized using a
10-point continuous scale as mild (2–4), moderate (5–6)
or severe (7–10) based on participant self-report severity.
Participants also listed, using free text, the COVID-19
symptoms that lasted at least one month. Additionally,
participants self-reported functional impairments due to
COVID-19, including lost workdays, inability to perform
one’s duty, and reduced ability during Marine-specific
fitness testing.

Fitness metrics
US Marine Corps official fitness data were also obtained
from US Marine Corps Manpower and Reserve Affairs
for all study participants.27,28 Data from a reference
earch sites and over time. A: Locations of research sites included: 1)
alms, CA and Camp Pendleton (Oceanside, CA); 3) Beaufort, SC and
ton, DC; 5) Quantico, VA and Dam Neck, VA; 6) Marine Corps Base
899 participants were seen once, 141 seen twice, and 2 seen three
d clinical assessments during each site visit by site over the study’s
llment into the CHARM 1.0 study (May–September 2020) and their
research site.

3
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cohort (years 2016–2019) were obtained for comparison.
Data included results of each participant’s physical
fitness test (PFT), combat fitness test (CFT), and rifle
range (or marksmanship) assessment, mandatory tests
each Marine performs during recruit training and at
least annually thereafter. The timing of these fitness
metrics, which was asynchronous, relative to enrollment
in CHARM 1.0 is shown in Supplementary Table S1.

Outcome definitions
We defined post-acute sequelae of COVID-19 (PASC) as
persistent symptoms and/or delayed or long-term
complications of SARS-CoV-2 infection beyond 4
weeks from symptom onset or first PCR positive test.29,30

Participants’ free-text reports of COVID-19 symptoms
lasting at least 4 weeks were examined to identify clearly
relevant keywords, which were grouped into 14 cate-
gories by two study team physicians. Keyword occur-
rences flagged by text search and vetted by the
physicians were then used to construct a category-based
symptom experience profile for each participant. SARS-
CoV-2 infection was determined based on documented
infection using PCR during the original CHARM pro-
spective cohort study,19 seropositivity (as defined below)
or self-reported SARS-CoV-2 infection.

Serum IgG SARS-CoV-2-specific antibodies were
assessed using an enzyme-linked immunosorbent assay
(ELISA) as previously described (see Supplementary
Methods).19,31 Samples with a S-specific IgG titer
higher than 150 were considered seropositive. Pre-
vaccination, presence of S-specific IgG antibodies was
used to assess probable antecedent infection. After
vaccination, IgG antibodies to the N protein were used
to determine SARS-CoV-2 infection. In this case, serum
samples were evaluated at a 1:50 dilution in plates
coated with N protein, and those with an OD 492 nm
value higher than the average of the 8 negative controls
plus three times their SD were considered positive.

SARS-CoV-2 vaccination data
SARS-CoV-2 vaccination data were obtained from the
Department of Defense (DoD) electronic health records.
Participants were characterized as vaccinated against
SARS-CoV-2 if they completed a two-dose vaccination
series of an mRNA vaccine or single dose of the John-
son & Johnson vaccine prior to the assessment time
point.

Statistical analysis
Comparisons between groups based on demographics,
vaccination status, presence of PASC, or other measures
were made using Pearson’s chi-square for categorical
data or Students’ t-tests or analysis of variance (ANOVA)
for continuous measures, unless appropriate assump-
tions were not met in which case Fisher’s Exact and
Kruskal–Wallis rank sum tests were utilized. Missing
data were assumed to be missing completely at random.
For linear mixed modeling, outliers were detected by
Bonferroni Outlier Test using t distribution to test larger
studentized residual in the models as being statistically
different from other observations. Outlier observations
with Bonferroni p-value < 0.05 were conservatively
removed from data for further analysis.32,33 Robust linear
mixed-effect models (see Supplementary Methods) with
the R package robustlmm were used to evaluate the effect
of PASC and vaccination on fitness metrics to account
for non-independence, random variability, unbalanced
groups, and a within-subjects design. Fitness metrics
were non-normally distributed (identified by Shapiro–
Wilk test) and were heteroskedastic (Bartlett and
Breusch Pagan test). All statistical analyses were per-
formed using R Statistical Software (v4.1.2; R Core
Team 2021) and interpreted using a two-tailed
alpha = 0.05.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the manuscript.
Results
A total of 899 (25.9%) of the 3472 CHARM 1.0 partici-
pants consented for at least one visit in CHARM 2.0.
Participants were predominately male (91.8%), white
(71.6%) with a median age of 18 years (interquartile
range: 18, 19) (Table 1). Among the 899 participants
evaluated at 7 different sites, 141 (15.7%) were also
evaluated at a second CHARM 2.0 visit (two participants
were also evaluated at a third visit) (Fig. 1A and B). The
mean total duration of follow-up from initial CHARM
1.0 study enrollment was 367 days (standard deviation,
SD: 145) (Fig. 1C). The average number of days between
enrollment in the prospective, longitudinal assessment
of CHARM 1.0 to the first panel visit was 330 days (SD:
131.4) with an additional average of 234 days (SD: 90.1)
between the first and second CHARM 2.0 visits and
second and third CHARM 2.0 visits, respectively. Over
half of the participants were enrolled at site 1 (Fig. 1D).

Of the 899 participants, most (n = 798; 88.8%) were
previously infected with SARS-CoV-2 as determined by
at least one of i.) PCR testing during the active surveil-
lance period of the original CHARM 1.0 study (n = 367,
46.0%); ii.) 4-fold increase in serum IgG titers at the
CHARM 2.0 follow-up visits (n = 406, 50.9%); or iii.)
self-reported diagnosis (n = 25, 3.1%). A total of 307
participants had an asymptomatic infection, ascertained
either by active longitudinal surveillance in CHARM 1.0
or based on self-report at follow-up and 491 had a
symptomatic infection. Among the 141 participants
evaluated at more than one CHARM 2.0 visit, 3 (2.1%)
had a documented seroconversion between the first and
second CHARM 2.0 visit. Among the 790 participants
with SARS-CoV-2 who answered questions regarding
www.thelancet.com Vol 39 November, 2024
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participants
(N = 899)

CHARM 1.0
participants
not participating
in CHARM 2.0
(N = 2573)

p-value

Age, median (25%,75%) 18 (18, 19) 18 (18, 19) 0.7

Sex, n (%) 0.1

Female 74 (8.2) 260 (10.1)

Male 825 (91.7) 2313 (89.9)

Ethnicity, n (%) 0.1

Hispanic 238 (35.7) 603 (32.3)

Non-Hispanic 429 (64.3) 1268 (67.7)

(Missing) 232 702

Race, n (%) 0.01

White 613 (71.6) 1870 (76.9)

Black 149 (17.4) 366 (15.0)

Asian 29 (3.4) 52 (2.1)

American Indian/
Alaska Native

10 (1.2) 29 (1.2)

Hawaiian/other
Pacific Islander

3 (0.4) 12 (0.5)

Multi-racial 27 (3.2) 67 (2.8)

Other 25 (2.9) 37 (1.5)

(Missing) 43 140

All 3472 participants in the CHARM 1.0 study were eligible for enrollment in the
CHARM 2.0 long-term follow-up panel study. While efforts were made to
contact all CHARM 1.0 participants, not all participants were able to be
contacted or remained on active duty, and among those, only a proportion
reported for follow-up visits n = 899. The demographics of the CHARM 1.0
participants who did and did not participate in CHARM 2.0 are compared using
Wilcoxon rank sum test (for age) and Pearson’s Chi–Square test for categorical
variables (sex, ethnicity, race).

Table 1: Demographics of CHARM participants who participated in the
CHARM 2.0 panel study compared to non-participants.

Articles
the impact of their infection on their work activities,
18.8% (137/790) reported that they missed work or were
unable to fulfill their duties or normal activities due to
COVID-19 and 5.8% (46/792) presented for medical
care.

When asked about the overall impact of the illness on
their health, only 195 reported an effect with partici-
pants predominately self-reporting a mild illness (151,
77.4%), while 20.0% (n = 39) and 2.6% (n = 5) reported
moderate or severe illnesses, respectively. No partici-
pants in our study were hospitalized. The most
frequently reported acute symptoms were tiredness
(n = 339; 42.5%), difficulty breathing/shortness of
breath (n = 338; 41.4%), nasal congestion (n = 336;
42.1%), and dry cough (n = 327; 41.0%) (Fig. 2).

Almost a third (197/620; 31.8%) of SARS-CoV-2
infected participants who responded to the question
about current health status reported not having returned
to full health at the time of their first CHARM 2.0
encounter. Among the 798 participants with a SARS-
CoV-2 infection, 197 (24.7%) met the definition for
PASC during at least one of their CHARM 2.0 visits,
www.thelancet.com Vol 39 November, 2024
most 56% (110/197) following a PCR-confirmed infec-
tion. Of note, 10/110 (9%) of those with PASC following
a PCR-confirmed infection were asymptomatic during
their infection. Participants with PASC reported a
constellation of overlapping symptoms (Fig. 3). The
most common long-term symptom (lasting ≥4 weeks)
was loss of taste and/or smell (82/197; 41.6%) followed
by shortness of breath (74/197; 37.6%), and cough (45/
197; 22.8%). Participants with PASC were more likely to
report not having returned to full health during their
first CHARM 2.0 visit (78/169; 46.1%) than were
infected participants without PASC (119/451; 26.4%)
(p < 0.0001). Interestingly, 15 (10.6%) of the 141 par-
ticipants with multiple CHARM 2.0 visits met the defi-
nition for PASC (reported symptoms that lasted at least
1 month) at CHARM 2.0 Visit 2 but not CHARM 2.0
Visit 1.

Among 197 participants with PASC, 33 met the
PASC definition at their first CHARM 2.0 visit and had
a second visit as well (mean of 242 days between en-
counters). Among these, 48.5% (16/33) reported loss of
taste/smell at visit 1 and 31.3% (5/16) reported the
symptom continuing at the second visit (Supplementary
Table S2). Similarly, 39.4% (13/33) reported shortness
of breath at the initial CHARM 2.0 visit with 30.8% (4/
13) continuing to report it at the second. None of the
participants reported loss of taste or smell or shortness
of breath only during the second CHARM 2.0 visit.

PASC was associated with an increased severity of
somatic symptoms at each CHARM 2.0 visit as
measured by the PHQ-15 (Table 2). Specifically, 13.2%
of participants with PASC at panel visit 1 had a medium
or high level of somatic symptom severity compared to
5.9% of participants with a SARS-CoV-2 infection but
not meeting the definition of PASC and 6.7% of par-
ticipants without a documented infection (p = 0.005).
The proportion of participants with depressive symp-
toms as measured by the PHQ-8 (Table 2) was similar
(p = 0.2) in participants with PASC, those uninfected
without PASC and in uninfected participants in the first
CHARM 2.0 visit. Mean PHQ-8 (current depression)
scores were higher (p < 0.0001) in those with PASC
(mean = 3.2) than uninfected participants (mean = 1.9)
or those infected without PASC (mean = 1.9).

Participants with PASC more commonly reported
anxiety symptoms than those without PASC. At the first
CHARM 2.0 visit, 9.3% of participants with PASC had
an anxiety level greater than mild; higher than in those
without PASC and uninfected participants (p = 0.05)
(6.3% and 1.9%, respectively). PASC participants also
documented greater daytime sleepiness compared to
other participants with mean ESS scores significantly
higher in those with PASC seen at the initial CHARM
2.0 visit (p = 0.0002) and those assessed at a second
CHARM 2.0 visit (p = 0.04).

SARS-CoV-2 vaccinations were initiated before and
during the CHARM 2.0 follow-up with variable
5

http://www.thelancet.com


Fig. 2: Self-reported severity of solicited acute symptoms of COVID-19 among CHARM 2.0 participants Footnote: These are the symptoms
reported by participants as part of their survey completion during their initial CHARM 2.0 visits. The severity indicated is based on the
maximum severity reported at any of the panels.
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vaccination proportions. During the first CHARM 2.0
visit, 31.8% (275/866) of participants had completed the
vaccination series (data missing on 33 participants). By
the second visit, that increased to 82.9% (116/140) (data
missing on 1 participant). Stratification by vaccination
status demonstrated no significant differences in the
prevalence or severity of somatic, or depressive symp-
toms, anxiety, or daytime sleepiness at panel visit 1. An
increase in somatic symptoms among unvaccinated
participants was identified at the second CHARM visit
(p = 0.03, Supplementary Table S3).

PASC was associated with a significantly increased 3-
mile run time on the standard Marine fitness test
Fig. 3: Upset plot of post-acute sequelae of COVID-19 lasting at least 4 we
COVID-19. Footnote: The upset plot enables the visualization of the overl
number of individuals with each symptom (one darkened circle) or combin
column chart. Across each horizontal row, the number of individuals wit
chart on the left side of the figure.
(Table 3). Specifically, after controlling for gender and
the timing of the physical fitness assessment, PASC
participants ran 25.1 s (95% CI: 9.0–41.2) slower than a
pre-pandemic reference cohort composed of 22,612
Marine recruits from 2016 to 19. However, uninfected
CHARM participants had run times comparable to the
reference cohort. The longer run time yielded a signif-
icant reduction (−5.2 points; 95% CI: −9.3 to −1.1) in the
overall physical fitness score only among those with
PASC (Supplementary Table S4). The CHARM popu-
lation in general (regardless of infection or PASC) per-
formed better than the reference population on their
rifle range assessments (Supplementary Table S5).
eks among 197 CHARM 2.0 participants with post-acute symptoms of
ap of numerous nominal variables. Within each vertical ‘column’, the
ation of symptoms (multiple darkened circles) is shown in the above
h a symptom with or without other symptoms is shown in the bar
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CHARM 2.0 Visit 1 CHARM 2.0 Visit 2

PASC
(N = 182)

Infected no
PASC
(N = 613)

Uninfected
(N = 104)

p-value PASC
(N = 48)

Infected no
PASC (N = 80)

Uninfected
(N = 13)

p-value

PHQ-15

Minimal (0–4), n (%) 111 (61%) 484 (80%) 86 (84%) <0.001 30 (62%) 59 (76%) 10 (77%) 0.09

Low (5–9), n (%) 47 (26%) 88 (14%) 9 (8.8%) 9 (19%) 16 (21%) 2 (15%)

Medium (10–14), n (%) 14 (7.7%) 28 (4.6%) 1 (1.0%) 6 (12%) 3 (3.8%) 0 (0%)

High (15–30), n (%) 10 (5.5%) 8 (1.3%) 6 (5.9%) 3 (6.2%) 0 (0%) 1 (7.7%)

Mean (standard deviation) 4.3 (4.9) 2.4 (3.6) 2.4 (4.2) <0.001 4.3 (5.0) 2.6 (3.2) 3.1 (4.8) 0.3

PHQ-8

None-minimal (0–4), n (%) 138 (76%) 514 (85%) 83 (81%) 0.2 34 (71%) 64 (82%) 11 (85%) 0.04

Mild (5–9), n (%) 26 (14%) 65 (11%) 14 (14%) 11 (23%) 7 (9.0%) 0 (0%)

Moderate (10–14), n (%) 9 (4.9%) 16 (2.6%) 3 (2.9%) 1 (2.1%) 5 (6.4%) 0 (0%)

Moderately Severe (15–19), n (%) 6 (3.3%) 8 (1.3%) 2 (2.0%) 2 (4.2%) 1 (1.3%) 2 (15%)

Severe (20–24), n (%) 3 (1.6%) 5 (0.8%) 0 (0%) 0 (0%) 1 (1.3%) 0 (0%)

Mean (standard deviation) 3.2 (4.9) 1.9 (3.6) 1.9 (3.6) <0.001 2.9 (4.2) 2.4 (4.1) 2.6 (6.4) 0.12

GAD-7

None-minimal (0–4), n (%) 146 (80%) 532 (88%) 90 (88%) 0.05 37 (77%) 66 (85%) 12 (92%) 0.3

Mild (5–9), n (%) 19 (10%) 53 (8.7%) 10 (9.8%) 7 (15%) 6 (7.7%) 0 (0%)

Moderate (10–14), n (%) 9 (4.9%) 10 (1.6%) 1 (1.0%) 1 (2.1%) 4 (5.1%) 0 (0%)

Severe (15–21), n (%) 8 (4.4%) 12 (2.0%) 1 (1.0%) 3 (6.2%) 2 (2.6%) 1 (7.7%)

Mean (standard deviation) 2.52 (4.6) 1.52 (3.4) 1.29 (2.9) 0.005 2.7 (4.7) 1.9 (4.0) 1.4 (4.1) 0.11

ESS

0–10, n (%) 142 (78%) 501 (83%) 84 (83%) 0.4 38 (79%) 66 (85%) 11 (85%) 0.8

>10, n (%) 40 (22%) 106 (17%) 17 (17%) 10 (21%) 12 (16%) 2 (15%)

Mean (standard deviation) 7.0 (5.3) 5.6 (5.0) 4.7 (5.0) <0.001 7.5 (5.1) 5.3 (5.3) 5.2 (5.8) 0.04

Patient Health Questionnaire-15, PHQ-15; Patient Health Questionnaire-8, PHQ-8; Generalized Anxiety Disorder-7, GAD-7; Epworth Sleep Scale, ESS; post-acute sequelae of
COVID-19, PASC. The proportion of individuals in each severity category based on PASC, no PASC and uninfected status was compared using Fisher’s Exact Test for count
data with a simulated p-value (based on 2000 replicates) and the overall scores were compared using a Kruskal–Wallis rank sum test. CHARM 2.0 visit 3 not assessed due to
the small number of participants.

Table 2: Self-assessment of somatic symptoms (PHQ-15), depression (PHQ-8), anxiety (GAD-7), and daytime sleepiness (ESS) among panel 1 and 2
participants stratified by the presence of PASC.

Articles
Discussion
We describe subjective and objective results of a panel
study assessing PASC among a young population of US
Marines. The strength of this study is that participants
Run time Pullups

Estimate 95% CI Estimate 95% C

Intercept 1508.45 1506.14–1510.75 6.67 6.54–6

Reference cohort Reference – Reference –

Uninfected −12.12 −33.32 to 9.09 −0.63 −1.68

Infected no PASC 8.87 0.17–17.56 −0.28 −0.71

Infected + PASC 25.08 9.00–41.16 −0.69 −1.50

Female Reference – Reference –

Male −202.52 −204.91 to −200.14 8.40 8.26–8

Timepoint 1 Reference – Reference –

Timepoint 2 67.98 67.13–68.83 −0.10 −0.13

Timepoint 3 85.95 84.91–86.98 0.68 0.64–0

PASC, post-acute sequelae of COVID-19; CI, confidence interval. Run times are assessed
number of repetitions possible within 2 min. Each parameter is scored based on pre-spec
physical fitness timepoints were based on each participant’s individual schedule, the tim

Table 3: The association between PASC and physical fitness test scores among
assessed by a robust linear mixed-effect models after controlling for potent

www.thelancet.com Vol 39 November, 2024
were followed longitudinally prior to SARS-CoV-2
infection, through initial infection, and subsequently
assessed for PASC reducing the risk of selection bias
and other confounders. Additionally, we analyzed self-
Crunch Combined Score

I Estimate 95% CI Estimate 95% CI

.80 98.14 97.84–98.43 240.3 239.71–240.88

Reference – Reference –

to 0.41 5.28 2.56–8.00 2.48 −2.95 to 7.91

to 0.15 3.36 2.22–4.49 −0.16 −2.38 to 2.06

to 0.11 0.92 −1.17 to 3.01 −5.17 −9.28 to −1.06

Reference – Reference –

.53 11.11 10.81–11.41 7.24 6.64–7.85

Reference – Reference –

to −0.06 −2.68 −2.81 to −2.56 −7.9 −8.10 to −7.70

.72 −0.45 −0.60 to −0.31 −5.17 −5.41 to −4.93

in seconds to complete a three-mile run. Pull-ups and crunches are assessed as the
ific metrics and a total score is calculated with a maximum score of 300 points. The
ing of which was asynchronous and occurred as shown on Table S1.

899 CHARM 2.0 participants and a reference cohort of 22,612 Marines as
ially important covariates.
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reported symptoms and standardized, structured phys-
ical performance assessments to evaluate the effect of
SARS-CoV-2 infection and PASC.

Among the 899 participants, 88.8% had a SARS-CoV-
2 infection. Almost a quarter (24.7%) of these in-
dividuals had at least one COVID-19 symptom that
lasted for at least 4 weeks meeting the a priori definition
of PASC established for this study. Among those with
PASC, 10 had no acute SARS-CoV-2 symptoms after
PCR-confirmed infection suggesting that PASC can
occur among asymptomatic individuals. Many partici-
pants reported that lingering symptoms impaired their
productivity at work, caused them to miss work, and/or
limited their ability to perform normal duty/activities.

Marines with PASC had significantly decreased
physical fitness test scores up to approximately one year
post-infection with a three-mile run time that averaged
in the 65th percentile of the reference cohort. Scores for
events evaluating upper body (pull-ups, crunches, and
ammo can lift) were not significantly reduced by PASC;
however, overall physical fitness scores were reduced.
The poorer run times and overall scores among PASC
participants are indicative of ongoing functional effects.

Although Marine fitness metrics might be an atypical
objective measure of physical performance for the gen-
eral population, they can provide insight into how PASC
affects the musculoskeletal, neurologic, and cardiopul-
monary systems. For example, a three-mile run evalu-
ates aerobic exercise, overhead lifting of an ammunition
can and pull-ups evaluate strength, and shooting a rifle
evaluates fine-motor skills. Each event is regulated and
standardized.27,28 Although effort cannot be directly
measured, the United States Marine Corps creates a
competitive environment to maximize performance and
uses these scores as a criterion for rank promotion and
subsequent pay increases, incentivizing maximal effort.

Standardized health-based assessments for somati-
zation, depression, and anxiety further highlighted the
detrimental health effects of PASC. Almost 10% of
participants with PASC had PHQ-8 scores ≥10.
Increased somatization has been associated with
increased stress, depression, and problems with emo-
tions.22 Additionally, PASC participants had higher
GAD-7 scores suggesting increased anxiety in a popu-
lation with unique inherent occupational stressors
associated with higher rates of anxiety, depression, and
post-traumatic stress disorder.34 Increased severity of
anxiety among those with PASC combined with greater
rates of mental health disorders in general could
portend an ominous combination and should be closely
followed.

Like others, we identified cardiopulmonary symp-
toms as some of the most prevalent.35–37 The high
prevalence of symptoms like shortness of breath, diffi-
culty breathing, cough, and fatigue is particularly
notable when combined with decreased objective mea-
sures of aerobic performance such as running. These
results suggest pathology in the cardiopulmonary sys-
tem. In contrast we observed no reduction in scores
assessing strength and marksmanship suggesting the
lack of detectable pathology in the neuro-
musculoskeletal system. We have previously found in
this same cohort that SARS-CoV-2 infection causes
prolonged dysregulation of immune cell epigenetic
patterns like auto-immune diseases.38 Further studies
into the pathophysiology and epigenetic changes due to
PASC and the potential ongoing detrimental effects on
aerobic activity in this and similar populations is
warranted.

Importantly, the definition utilized for PASC in our
study of at least 4 weeks, although within the timeframe
and consistent with other studies, is less than the 3
months post-infection proposed in a consensus defini-
tion.39 Our study was designed and implemented during
a time (early 2021) when the definitions of PASC and/or
long-COVID were evolving. It is unknown whether our
observed PASC rate would be the same using updated
definitions and criteria. Regardless, the proportion of
participants we have observed with symptoms lasting at
least a month is concerning, particularly in the context
of this young, otherwise healthy population. Further-
more, the decreased run times in those with PASC
suggest that these predominantly mild infections caused
a long-term, and significant functional deficit among a
large proportion of this previously healthy young adult
cohort.

Our study did have some limitations. The intent was
to serially follow 3472 Marines who participated in the
CHARM 1.0 study; however, by the CHARM 2.0 study
initiation 32.1% had left active duty likely related to
normal attrition from the grueling military lifestyle.
Additionally, the number of Marines who were able to
be identified and enrolled decreased over time due to
their geographic dispersion following recruit training.
Additionally, our recruitment predominately occurred
in larger, more centralized bases. This could have led to
an oversampling of Marines with medical concerns
inconsistent with the general active-duty Marines who
were garrisoned at these larger facilities where transi-
tion from the military to the civilian sector occurs.
Conversely, Marines with debilitating symptoms leading
to medical discharge might not have continued in the
study; however, this is unlikely given the that the pro-
cess for leaving the military often takes well over a year
and occurs at the larger facilities. Furthermore, because
our population was active-duty Marines, all required to
receive SARS-CoV-2 vaccinations upon their availability
(Department of Defense policy at the time of this study),
we were unable to fully analyze the potential role and
timing of vaccination in understanding PASC risk and
the effect on other signs and symptoms.

We are unable to assess the chronicity of PASC in
our population given our study design. Depending on
the symptom, approximately 10–15% of participants
www.thelancet.com Vol 39 November, 2024
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with specific symptoms at their first CHARM 2.0 visit
continued to have those same symptoms at their second
CHARM 2.0 visit. Regardless, based on the reported
PASC symptoms, the potential current and future
public health implications in this population could be
substantial. Chronic health complications from PASC
especially in a young and previously healthy population
with a long-life expectancy could decrease work pro-
ductivity and increase healthcare costs. Significant
changes in the Years-of-Life lived with a disability can
disproportionally increase disability-adjusted life years
and should be considered when allocating resources and
designing policy.40

In this longitudinal CHARM 2.0 study we identified
that PASC is common in young, healthy adults and
causes prolonged physical and mental health symptoms
and decreases in subjective and objective performance
measures. Additional research is needed to further
characterize PASC among cohorts of various ages in
relation to timing of infection and vaccination, investi-
gate both physical and mental health symptoms, and
explore host-related changes related to PASC to inform
mitigation strategies and treatment guidelines.
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