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Abstract

Objective: To assess the association between SARS-CoV-2 infection and
decreased hand grip strength (HGS).

Design: Longitudinal population-based study.

Setting: Community-dwelling older adults (aged >60 years) living in a rural
Ecuadorian village struck by the SARS-CoV-2 pandemic.

Participants: Of 282 enrolled individuals, 254 (90%) finished the study.
Measurements: HGS was measured 3 months before (January 2020) and
9 months after the introduction of the virus into the population (January
2021). SARS-CoV-2 antibody testing was performed in two rounds: in May-
June (early) and September-November (late), 2020. An independent associa-
tion between SARS-CoV-2 infection and HGS decline was assessed by fitting
linear mixed models for longitudinal data. Changes in HGS scores in SARS-
CoV-2 seropositive subjects, according to the time elapsed since seroconver-
sion, were compared with those who remained seronegative.

Results: Overall, 149 (59%) individuals became seropositive for SARS-CoV-2. The
mean HGS (in kg) was 25.3 + 8.3 at baseline and 23.7 + 8.1 at follow-up (p = 0.028),
with 140 individuals having >5% HGS decline between both measurements. The
follow-up HGS measurement decreased by 1.72 kg in seropositive individuals, and by
0.57 kg in their seronegative counterparts (p < 0.001). SARS-CoV-2 seropositive
individuals were 2.27 times more likely (95% CI: 1.33-3.87) to have a lower
HGS measurement at the time of follow-up than those who remained sero-
negative. When compared with seronegative subjects, seropositive patients
with early seroconversion were 3.41 times (95% CI: 1.73-6.74) more likely
to have >5% HGS decline at the time of the follow-up than those with later,
i.e., more recent, infections.

Conclusions: This study shows an independent deleterious impact of
SARS-CoV-2 on HGS that is more marked among individuals with infections
that occurred more than 8 months before follow-up HGS. Results suggest the
possibility of chronic damage to skeletal muscles by SARS-CoV-2.
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HAND GRIP STRENGTH AND SARS-CoV-2

INTRODUCTION

The Coronavirus Disease 2019 (COVID-19) pandemic
caused by the Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2) has affected almost 150 million
people worldwide, a sizable proportion of whom are
older adults. SARS-CoV-2-infected individuals aged
60 years and older suffer the most devastating conse-
quences of this pandemic, including higher mortality
rates and more severe disease expression compared
with younger affected individuals.' Age-related com-
orbidities, e.g., arterial hypertension, diabetes, and
cardiovascular disease, likely account for the grimmer
prognosis of SARS-CoV-2 infections in older adults.* At
the same time, it appears that this infection may
exacerbate—or result in the development of—additional
morbidities in people of this age group, many of whom
are left with long-lasting sequelae.”® For example, a
decrease in hand grip strength (HGS) has been associ-
ated with several chronic diseases, length of hospital
stay, institutionalization and mortality,” and a decrease
in muscle strength has been linked to SARS-CoV-2
infection.'® Several studies have addressed the relation-
ship between SARS-CoV-2 infection and decreased mus-
cle strength, but the temporal relationship between
them has not been well studied. Most available informa-
tion derives from editorial comments or letters that pro-
vide no data or that report on hospitalized patients who
did not have standardized assessments before and after
the infection ocurred.'™**

In January 2020, we commenced a door-to-door sur-
vey aimed at assessing clinical and neuroimaging corre-
lates of HGS among community-dwellers aged 60 years
and older who were actively enrolled in the Atahualpa
Project. The study had to be paused when the SARS-
CoV-2 pandemic severely struck the village, resulting in a
devastating mortality rate of 21.6 per 1000 population
from March to April,"”> a seroprevalence of 45% among
survivors,'® and an incidence rate ratio of 7.4 per 100 per-
son-months of potential virus exposure.'” Seizing on the
unique opportunity presented by this ongoing prospective
cohort, we evaluated differences in HGS before and after
SARS-CoV-2 infection in older adults living in this rural
setting.

METHODS
Study population
This study was conducted in community-dwelling

older adults residing in Atahualpa—a rural Ecuadorian
village—where several neuroepidemiological studies
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Key Points

« This study shows an independent deleterious
association  between  SARS-CoV-2  and
decreased hand grip strength (HGS).

+ Decrease in HGS was only significant in those
individuals whose SARS-CoV-2 infection
occurred early in the study, allowing for a
greater interval before follow-up measurements.

+ Results suggest the possibility of chronic dam-
age to skeletal muscles by SARS-CoV-2.

Why Does this Paper Matter?

Study results will help to better understand the
decrease in muscle strength observed in subjects
with history of SARS-CoV-2 infection, and to
implement adequate programs of physical reha-
bilitation and nutrition therapy.

have been carried out.'® Residents are homogeneous
regarding race/ethnicity (Amerindian ancestry), socioeco-
nomic status (most men belong to the blue collar class
and most women are homemakers), and dietary habits
(rich in dietary oily fish intake, vegetables, and carbohy-
drates but poor in red meat and dairy products). In addi-
tion, the migration rate is low, which makes Atahualpa
an optimal setting for the realization of population-based
cohort studies.

Study design

The study protocol and informed consent forms (signed
by all participants) were approved by the I.R.B. of our
Institution. This prospective longitudinal study is based
on prior enrollment in the Atahualpa Project of 300 non-
disabled, stroke-free, community-dwelling older adults
who had clinical evaluations, a brain MRI, and HGS
determinations 3 months before the onset of the SARS-
CoV-2 pandemic in Atahualpa. For the purposes of study-
ing the effect of SARS-CoV-2 infection on muscle
strength in this cohort, we evaluated HGS 9 months after
the start of the pandemic. We took into account the sero-
logical status of the individual as well as the presence of
covariates that may have influenced changes between
baseline and follow-up HGS measurements. Due to a lack
of normative data in the population of Amerindians and
a lack of consensus for a cutoff indicating an abnormal
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loss of muscle strength,9 we used HGS measurements as
a continuous variable. Nevertheless, in order to define a
significant reduction in HGS across baseline and follow-
up measurements, we selected a cutoff of greater than a
5% decrease, which is a percentage point more than the
expected annual decline in HGS among older adults.’

Cohort establishment

Out of 300 individuals receiving a baseline HGS measure-
ment, 282 (94%) granted consent for the determination of
SARS-CoV-2 IgM and IgG by the use of lateral flow-based
SARS-CoV-2 antibody testing (BIOHIT Health Care Ltd.,
Cheshire, UK). The antibody tests were performed from
April to June, 2020.

This cohort was followed prospectively until January
2021 at which time HGS was again measured in those
who were still active up to the censoring date. During the
follow-up period, participants received periodic home
visits and clinical examinations as well as repeated sero-
logical tests in those who had previously tested negative. A
subsequent round of tests was performed from September
to November, 2020. Only individuals who remained
seronegative in the first round received a subsequent sero-
logical test irrespective of whether they had asymptomatic
infections or COVID-19-related symptomatology.

Hand grip strength protocol

HGS (recorded in kg) was measured by trained physi-
cians using a Jamar© Smart Digital Hand Dynamometer
(Performance Health, USA) at baseline and follow-up.
The device was calibrated according to procedures trace-
able to the National Institute of Standards & Technology
(certification number: ASP010318-0216). A variation of
the Southampton protocol was adopted for study partici-
pants.’® The main difference between our methodology
and the Southampton protocol is that our subjects were
tested while standing erect with legs straightened at 180°
(Figure 1). Previous studies have shown no significant
differences between the standing and the sitting position
when measuring HGS so long as the elbows are fle-
xed.”** Consistent with the Southampton protocol,
individuals had their shoulder adducted and neutrally
rotated, with 90° flexion of the elbow, the forearm in
neutral position, and the wrist with a mild extension of
15°-30°. Three trials were performed in the right and
the left hand (alternating sides) with 10-15 s of rest per
hand between each trial. Acquisition time for maximal
strength was about 2—4 s, and the best of the six mea-
surements was used for analysis. The device was always

FIGURE 1 Study participant at the time of hand grip strength
measurement. Note the position of the body, arm, and hand

placed in the second position,*® except for older individ-
uals with small hand sizes that required the device to be
placed in the first position.®> Patients were actively
encouraged to squeeze “hard enough to break the
device” as this kind of verbal command increases HGS
scores.”* The same dynamometer was used for baseline
and follow-up HGS measurements, and the same
trained physicians performed both assessments.

Covariates investigated

Demographics (age, gender), level of education (primary
school or higher), physical activity, blood pressure, the
body mass index, fasting glucose levels, oily fish intake,
and neuroimaging evidence of white matter hyper-
intensities (WMH) of presumed vascular origin were
selected as potentially confounding variables as they have
been associated with frailty (a condition linked to
decreased muscle strength) in previous studies conducted
in the same population.”>?® In addition, we took into
account a covariate associated with the SARS-CoV-2 pan-
demic itself that may eventually modify HGS follow-up
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measurements, such as home confinement for more than
2 months during the previous year.

According to the American Heart Association criteria,
a level of poor physical activity was designated if the indi-
vidual had no moderate or vigorous activity, a high blood
pressure measuring >140/90 mmHg, a poor body
mass index if >30 kg/m?, and a high fasting glucose if
>126 mg/dl.*® These cardiovascular risk factors were last
updated in the study population during a door-to-door
survey conducted in December 2019. Dietary oily fish
intake (servings per week) was quantified based on a
previously described questionnaire.*®

MRIs were performed in the year after enrollment in
the Atahualpa Project cohort, with the use of a Philips
Intera 1.5 T (Philips Medical Systems, Eindhoven, the Neth-
erlands), following a previously detailed protocol.”” MRI
readings focused on WMH, which were defined as lesions
appearing hyperintense on T2-weighted images that
remained bright on FLAIR (without cavitation) and graded
according to the modified Fazekas scale in none-to-mild or
moderate-to-severe.”® MRIs were independently read by
two study neurologists blinded to clinical information. The
Kappa coefficient for interrater agreement was 0.93 for the
presence of moderate-to-severe WMH; discrepancies were
resolved by consensus, as previously described.*!

Statistical analysis

Data analyses were carried out using STATA version
16 (College Station, TX, USA). In univariate analyses, con-
tinuous variables were compared by linear models and cate-
gorical variables by x* or the Fisher exact test as
appropriate. Changes in HGS between baseline and follow-
up measurements (as continuous variables), as well as the
association between SARS-CoV-2 seropositivity and reduc-
tions in HGS, were assessed by means of linear mixed
models for longitudinal data (random-effects generalized
least squares [GLS] regression), adjusted for relevant
covariates. The independent relationship between SARS-
CoV-2 infection and HGS decline greater than the 5%
expected due to age—as the dependent variable—was
assessed by fitting a logistic regression model. Estimated
adjusted proportions were used to evaluate the differences
in magnitude of the decline in HGS between seropositive
and seronegative subjects, according to the time of serocon-
version, after adjusting for all covariates.

RESULTS

The mean age of the 282 individuals enrolled in this
cohort was 70.7 + 7.8 years, and 171 (61%) were women.
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Ninety percent of the cohort (n = 254) remained in the
study up to the censoring date and had follow-up HGS.
Eleven of the 28 individuals who lacked follow-up HGS
measurements died (five from COVID-19), five were
hospitalized due to severe COVID-19 at the censoring
date, three emigrated, one declined consent, and the
remaining eight developed disabling conditions during the
follow-up period that precluded HGS measurements.

The 254 participants who completed both baseline
and follow-up HGS assessments had a mean age (at enro-
llment) of 70.2 + 7.7 years; 153 (60%) were women;
190 (75%) had primary school education only; 12 (5%)
reported no moderate or vigorous physical activity;
104 (41%) had blood pressures >140/90 mmHg; 56 (22%)
had a body mass index >30 kg/m?; 72 (28%) had fasting
glucose levels >126 mg/dl; the mean dietary oily fish
intake was 9 + 5.1 servings per week; and 42 (17%)
individuals had moderate-to-severe WMH. A total of
122 (48%) subjects had been confined at home for at least
2 months.

Overall, 149 (58.7%; 95% CI. 52.5-64.5%) individuals
became seropositive for SARS-CoV-2 antibodies. These
included 120 of 254 (47.2%) individuals tested from May
to June, and 29 of 134 (21%) tested from September to
November. The mean interval between testing seroposi-
tive and the follow-up HGS measurement in January
2021 was 8-9.2 months for those tested in May-June and
4-5.2 months for those tested in September—-November.

The mean value of HGS measurements (in kg) was
25.3 + 8.3 at baseline, and 23.7 + 8.1 at the time of
follow-up. This difference represents an overall signifi-
cant decline in HGS over time (p < 0.028). The longitudi-
nal deficits in HGS persisted when men (32.9 + 7 vs 31
+ 6.5; p = 0.047) and women (20.2 + 4.3 vs 18.9 + 4.6;
p = 0.011) were analyzed separately, although the differ-
ence was more significant among women. A total of
140 (55%) individuals had more than a 5% decline in the
follow-up HGS measurement. This decline was evident in
87 of 153 (57%) women and in 53 of 101 (52%) men, but
the difference between women and men was not signifi-
cant (p = 0.491).

Table 1 depicts the characteristics of participants
across categories of SARS-CoV-2 infection. Univariate
analyses disclosed significant associations between HGS
decline and SARS-CoV-2 seropositivity, but no associa-
tion with any of the investigated covariates. Also in
univariate analyses, the mean values of baseline
HGS measurements did not differ between those
who seroconverted during the follow-up and those
who remained seronegative (p = 0.189), whereas the
mean value of follow-up HGS measurements was signifi-
cantly lower among seropositive individuals compared
with their seronegative counterparts (p = 0.019).
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TABLE 1 Characteristics of Atahualpa residents aged 60 years and older across categories of SARS-CoV-2 serological status (univariate
analyses)
SARS-CoV-2 serological status
Total Seronegative Seropositive
Variable series (n = 254) (n = 105) (n =149) p Value
Age at enrollment, years (mean + SD) 702 + 7.7 70.5 + 8.4 69.9 + 7.1 0.539
Female, n (%) 153 (60) 60 (57) 93 (62) 0.398
Primary school education, n (%) 190 (75) 77 (73) 113 (76) 0.651
Poor physical activity, n (%) 12 (5) 7(7) 5(3) 0.221
Blood pressure > 140/90 mmHg, n (%) 104 (41) 46 (44) 58 (39) 0.059
Body mass index > 30 kg/m?, n (%) 56 (22) 27 (26) 29 (19) 0.237
Fasting glucose > 126 mg/dl, n (%) 72(28) 28 (27) 44 (30) 0.618
Oily fish intake, servings/week (mean 9+51 89+5 9.1+5.2 0.759
+ SD)
Moderate-to-severe WMH, n (%) 42 (17) 21 (20) 21 (14) 0.212
Home confinement, n (%) 122 (48) 52 (50) 70 (47) 0.698
Baseline hand grip, kg (mean + SD) 253 +8.3 26.1 + 8.4 24.7 £ 8.3 0.189
Follow-up hand grip, kg (mean + SD) 23.7+ 8.1 251 +8.1 22.7+ 7.9 0.019*
Hand grip strength decline, n (%) 140 (55) 47 (45) 93 (62) 0.005*

“Statistically significant result.

Logistic regression model showing the independent relationship between SARS-CoV-2 seropositivity and hand grip strength

TABLE 2
decline
Odds

Decline in hand grip strength ratio
SARS-CoV-2 seropositivity 2.27
Age at enrollment 1.03
Female gender 0.90
Primary school education 1.02
Poor physical activity 0.60
Blood pressure > 140/90 mmHg 1.32
Fasting glucose > 126 mg/dl 0.72
Body mass index > 30 kg/m? 1.79
Oily fish intake, servings/week 1.04
Home confinement 1.47
Moderate-to-severe WMH 0.95

“Statistically significant result.

Standard 95% Confidence

error interval p Value
0.62 1.33-3.87 0.003*
0.02 0.99-1.07 0.107
0.26 0.51-1.60 0.722
0.32 0.55-1.89 0.953
0.38 0.17-2.11 0.421
0.37 0.76-2.29 0.320
0.22 0.40-1.30 0.275
0.63 0.90-3.56 0.095
0.03 0.99-1.09 0.158
0.44 0.82-2.64 0.195
0.35 0.46-1.96 0.888

Similarly, the number of individuals who showed more
than 5% HGS decline at follow-up was significantly
greater among seropositive individuals (p = 0.005).

A logistic regression model in which the dependent
variable was whether a subject exhibited more than a 5%
decline in HGS confirmed that SARS-CoV-2 seropositivity
was the only predictor of a significant reduction in HGS
between baseline and follow-up determinations, after
adjusting for all the investigated covariates. SARS-CoV-2

seropositive individuals were 2.27 times more likely (95%
CI: 1.33-3.87) to have a lower HGS than those who
remained seronegative (Table 2).

Further analysis by means of mixed models (using
continuous baseline and follow-up values for each subject
as his/her own control) demonstrated that the difference
in baseline HGS among those who became seropositive
compared with those who remained seronegative at
follow-up was not significant (4: —1.43; 95% CI: —3.51 to
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TABLE 3
grip strength at the follow-up

Fully-adjusted random-effects GLS regression model that included the effect of time and SARS-CoV-2 seropositivity on hand

Standard 95% confidence

Hand grip strength p coefficient error interval p Value
Hand grip strength at baseline Referent category

Hand grip strength at follow-up in seronegative subjects —0.57 0.30 —1.15 to 0.01 0.054
Hand grip strength at follow-up in seropositive subjects —1.72 0.25 —2.21to —1.23 <0.001*
Age at enrollment, years —0.31 0.04 —2.21to —1.23 <0.001*
Female gender —12.1 0.59 —13.2to —10.9 <0.001*
Primary school education —0.09 0.68 —1.42t01.23 0.886
Poor physical activity —0.39 1.35 —3.04 to 2.25 0.769
Blood pressure > 140/90 mmHg —0.27 0.59 —1.42 to0 0.89 0.652
Body mass index > 30 kg/m? 0.29 0.72 —1.13to0 1.71 0.688
Fasting glucose > 126 mg/dl —1.89 0.63 —3.12 to —0.65 0.003*
Oily fish intake, servings/week 0.14 0.05 0.03 to 0.24 0.013*
Moderate-to-severe WMH —1.97 0.78 —3.49 to —0.45 0.011*

*Statistically significant result.

0.66; p = 0.178). This finding confirms that the level of
HGS at baseline was not associated with an increased risk
of SARS-CoV-2 infection.

A random-effects GLS regression that included the
impact of time and seropositivity on the follow-up HGS
(as a continuous variable) showed that both variables con-
tributed to a worsening in HGS, but the association with
seropositivity was larger. Compared with baseline HGS mea-
surements, the f coefficient for seropositive individuals was
larger (B: —1.98; 95% CI: —2.47 to —1.48) than that attribut-
able only to the follow-up in their seronegative counterparts
(B: —0.96; 95% CI. —1.54 to —0.37); however, both declines
were significant. When all covariates were added to this
model, the impact of time from seroconversion to follow-up
(early vs late) on HGS vanished, but the association with
SARS-CoV-2 seropositivity remained highly significant. HGS
measurements at follow-up decreased by 1.72 kg in seroposi-
tive individuals compared with only 0.57 kg among those

Estimated Proportions of relevant hand grip decline

™ 4

T
Not exposed

SARS-CoV-2 exposure before hand grip follow-up

FIGURE 2

T
Short exposure

T
Long exposure

Graph plot showing differences in estimated

proportions of hand grip strength decline >5% across individuals

who remained seronegative versus those who had long exposure

versus short exposure to SARS-CoV-2

who remained seronegative. Increasing age, being female,
having high fasting glucose levels, and the presence of
moderate-to-severe WMH all contributed to a worsening in
HGS measurements at follow-up, whereas the amount of
dietary intake of oily fish was a protective factor (Table 3).
When study participants were stratified according to
whether they remained seronegative or became seroposi-
tive with a shorter or longer interval of time to follow-up,
a logistic regression model adjusted for relevant
confounders showed that seropositive individuals with
longer intervals yielded a significantly greater proportion

of subjects with more than 5% HGS decline at the follow-
up by 3.41 times; 95% 1.73-6.70; p < 0.001 (Table S1). In
this analysis, the difference between no infection (sero-
negative) and shorter duration of seropositivity was not
significant (p = 0.127). Estimated proportions confirmed
the significant association (p < 0.01; no overlapping 95%
CI) between those who remained seronegative and those
with long exposure (Figure 2).

An additional multivariate linear regression model
using the within-patient difference in continuous
HGS measurement (instead of the categorized decline)
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also demonstrated a significant difference at follow-up
between individuals who remained seronegative and
those who became seropositive with a longer duration
(B: —1.02; 95% CI: —1.80 to —0.23; p = 0.011), but not
with those who became seropositive with a shorter dura-
tion (#: —0.97; 95% CIL: —1.94 to 0.02; p = 0.055). In none
of these models did home confinement during the follow-
up prove to be independently significant.

DISCUSSION

This longitudinal prospective study demonstrates the
impact of the SARS-CoV-2 pandemic on HGS. Although
both seronegative and seropositive individuals had simi-
lar baseline HGS measurements before the pandemic,
seropositive individuals showed a significantly greater
decline in HGS at the end of the follow-up period.

Our study found three important and distinct aspects of
the association between SARS-CoV-2 infection and HGS.
First, individuals with lower baseline measurements of
HGS were not more prone to become infected with the
virus or to develop COVID-19 as evidenced by similar levels
of HGS across subjects who subsequently became infected
and those who did not. Second, once an individual became
infected, the odds of developing a decline in HGS greater
than that expected due to age alone were more than three
times higher than if the subject was not infected. At the
same time, the many covariates investigated had a minimal
impact on this outcome. Third, the deleterious association
between SARS-CoV-2 infection and HGS appears to worsen
over time as evidence by a more significant decline found
in those who seroconverted earlier versus later.

Study results are in line with the increasingly recognized
delayed complications of SARS-CoV-2 infection. Indeed, the
term “Long-COVID” has been coined to define persistence
of clinical manifestations or laboratory abnormalities beyond
the acute phase of the disease.****> A recent systematic
review and meta-analysis of studies identified 55 long-term
effects of COVID-19, a sizable proportion of which involve
the central or the peripheral nervous system.** According to
this and other reviews, neurological sequelae include—but
are not limited to—cognitive decline, sleep disorders,
chronic headache, stroke sequelae (stroke often occurs dur-
ing the acute phase of the disease), decreased muscle
strength, chronic fatigue, ageusia and anosmia, hearing loos
and tinnitus, and neuropathic sequelae of acute peripheral
nerve abnormalities.>**** Some of these long-term neurolog-
ical sequelae may occur in patients who had experienced
only mild disease yet they persist several months after the
acute episode.”® Similarly, other infections may contribute
to a loss in muscle strength.>>>°

Whether decreased muscle strength predisposes to
SARS-CoV-2 infection or more severe disease has been
subject to debate.’”*® It has been argued that decreased
muscle strength is associated with decreased expression
of the immune system, which may increase susceptibility
to SARS-CoV-2 and other viral infections.*® To our knowl-
edge, however, no study has provided data on the relation-
ship between decreased muscle strength and increased risk
of SARS-CoV-2 infection. Results of the present study that
show no increased risk of SARS-CoV-2 infection among
individuals with lower baseline HGS measurements argue
against this conjecture. These results are consistent with a
previous survey conducted in the same population,
which found that frailty (a condition closely related to
decreased muscle strength) does not facilitate infection with
SARS-CoV-2.%

That the measured decline in HGS was similar between
not infected individuals and those infected near the end of
the study helps to differentiate decreased muscle strength
from the frequently reported fatigue or pain-related syn-
dromes that occur during the first weeks after a symptom-
atic COVID-19 episode.*' It is possible that direct damage to
muscle cells or the surrounding vasculature (with extension
of the damage into skeletal muscle cells) by the virus may
account for the delayed decrease in muscle strength found
in our study. This hypothesis is supported by the demon-
strated invasion of the myocardium by SARS-CoV-2.** The
receptor used by this virus for cell entry—angiotensin-
converting enzyme-2—is expressed in skeletal muscle cells
as well as in endothelial cells,”® and provides a possible
mechanism for the loss of muscle strength in survivors of
this infection that may not necessarily be related to the
severity of acute COVID-19. Viral particles in damaged mus-
cle cells and surrounding endothelial cells have also been
demonstrated in histopathological examinations of muscle
tissue, thus providing further evidence for this hypothesis.**

Interestingly, home confinement for more than
2 months was not associated with a decline in HGS mea-
surements in any of the models. This can be explained by
the characteristics of the study population. As previously
noted, most men work as artisan carpenters in small car-
pentry shops located at their homes while most women
are homemakers. For this reason, many of the subjects
were able to continue with their usual level of activity
despite confinement. This may not be the case for other
populations where people suffer a decrease in muscle
strength due to lockdown restrictions.** It must also be
recognized that our study participants were taken from
the community and not from a long-term care facility
where the residents do not engage in active physical
activity, are often medicated with sedative drugs, and live
in close quarters in a crowded environment.
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This study provides a unique opportunity to prospec-
tively evaluate HGS by means of an internationally
accepted protocol, in a population of community-dwelling
older adults who underwent a formal evaluation both
before and several months after the onset of the SARS-
CoV-2 pandemic. In addition, we compared—in the same
population—the association between older versus more
recent infections and the decline in HGS at the time of
follow-up. This reduces the likelihood of unexpected con-
founders that may occur when two different populations are
compared. Another strength of this study is the inclusion of
long-term participants in the Atahualpa Project cohort in
whom several other risk factors have already been investi-
gated. Nevertheless, the study has limitations. Significant
findings in longitudinal studies may hide longer-term effects
and not be causal. The study population was limited to peo-
ple aged 60 years and older. As such, we may have missed
cases of HGS decline among middle-aged adults with SARS-
CoV-2 infection. In addition, although the lateral flow-based
antibody test we used is reported to have high diagnostic
reliability, we cannot exclude the possibility of some degree
of misclassification due to false positive or false negative
results,'®” or the improbable scenario of cross-reactions
with other viruses that are endemic in the region.*®

In summary, this longitudinal study cohort demon-
strated in a select cohort an independent detrimental
association between SARS-CoV-2 and HGS worsening,
which reached significance among individuals with older
rather than more recent infections. Further long-term
prospective studies may be helpful to achieve a better
understanding of the progression of HGS decline in sub-
jects with history of SARS-CoV-2 infection. In addition,
these findings may have implications for the design and
implementation of programs of physical rehabilitation
and improved nutrition in affected individuals.
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SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

Table S1: Logistic regression model showing that a lon-
ger exposure to SARS-CoV-2 increased the proportion of
subjects with hand grip strength decline.
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