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Abstract

Background Evidence continues to accumulate regarding the potential long-term health consequences of COVID-
19 in the population. To distinguish between COVID-19-related symptoms and health limitations from those caused
by other conditions, it is essential to compare cases with community controls using prospective data ensuring
case-control status. The RESPIRA study addresses this need by investigating the lasting impact of COVID-19 on Health-
related Quality of Life (HRQoL) and symptomatology in a population-based cohort in Costa Rica, thereby providing

a robust framework for controlling HRQoL and symptoms.

Methods The study comprised 641 PCR-confirmed, unvaccinated cases of COVID-19 and 947 matched popula-
tion-based controls. Infection was confirmed using antibody tests on enrollment serum samples and symptoms
were monitored monthly for 6 months post-enrolment. Administered at the 6-month visit (occurring between 6-
and 2-months post-diagnosis for cases and 6 months after enrollment for controls), HRQol and Self-Perceived Health
Change were assessed using the SF-36, while brain fog, using three items from the Mental Health Inventory (MHI).
Regression models were utilized to analyze SF-36, MHI scores, and Self-Perceived Health Change, adjusted for case/
control status, severity (mild case, moderate case, hospitalized) and additional independent variables. Sensitivity
analyses confirmed the robustness of the findings.

Results Cases showed significantly higher prevalences of joint pain, chest tightness, and skin manifestations,

that stabilized at higher frequencies from the fourth month post-diagnosis onwards (2.0%, 1.2%, and 0.8% respec-
tively) compared to controls (0.9%, 0.4%, 0.2% respectively). Cases also exhibited significantly lower HRQoL than con-
trols across all dimensions in the fully adjusted model, with a 12.4 percentage-point difference [95%Cl: 9.4-14.6],

in self-reported health compared to one year prior. Cases reported 8.0% [95%Cl: 4.2, 11.5] more physical limitations,
7.3% [95%Cl: 3.5, 10.5] increased lack of vitality, and 6.0% [95%Cl: 2.4, 9.0] more brain fog compared to controls

with similar characteristics. Undiagnosed cases detected with antibody tests among controls had HRQol comparable
to antibody negative controls. Differences were more pronounced in individuals with moderate or severe disease
and among women.
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Conclusions PCR-confirmed unvaccinated cases experienced prolonged HRQolL reductions 6 months to 2 years
after diagnosis, this was particularly the case in severe cases and among women. Mildly symptomatic cases showed

no significant long-term sequelae.

Keywords Post-Acute Sequelae of SARS-CoV-2, PASC, Post-COVID Conditions, PCC, Middle-Income Country, Cohort
study, Health-Related Quiality of Life, HRQoL, symptoms, Costa Rica

Key message

1. Study design, methodology for symptoms attribu-
tion: The study introduces employs a methodology
that enables the attribution of symptoms and endur-
ing health impacts specifically to COVID-19. This
method allows for the disentanglement of COVID-
19-related symptoms and health limitations, from
those caused by other conditions, providing a clearer
understanding of the disease’s symptomatology.

2. Enduring Physical and Mental Health Impacts: The
study reveals that COVID-19 has enduring physical
and mental health impacts on non-vaccinated indi-
viduals, persisting from 6 months to 2 years post-
diagnosis. These effects include a lasting reduction in
health-related quality of life, characterized by greater
physical limitations, reduced vitality, and increased
cognitive impairment ("brain fog").

3. Differential impact based on gender and severity:
Women and individuals with severe cases of COVID-
19 were found to be the most affected, experiencing
significant and lasting health consequences. In con-
trast, those with mild or undiagnosed cases did not
suffer long-term health effects.

Introduction

Evidence continues to accumulate on the potential long-
term health consequences of COVID-19 [1-3]. Since a large
proportion of the world population has now been infected,
in an effort to classify these consequences, the terms Post-
COVID Conditions (PCC) [4, 5] or Post-Acute Sequelae of
SARS-CoV-2 (PASC) were introduced, defined as a group
of new, ongoing or relapsing symptoms associated with a
COVID-19 infection, present 30 or more days after infec-
tion [5, 6]. The WHO has characterized that PCC “occurs
in individuals with a history of probable or confirmed
SARS-CoV-2 infection, usually 3 months from the onset of
COVID-19 with symptoms that last for at least 2 months
and cannot be explained by an alternative diagnosis” [7]. The
main symptoms of PCC include fatigue, shortness of breath,
altered taste or smell, muscle/joint pain, brain fog, chest
pain, cough, and headache [8-10]. PCC is more prevalent
in females [11], individuals with higher BMI, those unvac-
cinated [12], and those who had severe COVID-19 [13]. The

earliest studies were based on hospitalized survivors [14],
but recent reports indicate that moderate and mild cases
might also have a delayed health impact.

PCC prevalence in recovered COVID-19 cases var-
ies considerably across studies [1, 15-17], depending on
definition, time since infection, and disease severity. These
discrepancies have hampered estimation of the actual long-
term impact of COVID-19 on a population’s general health.
Furthermore, it remains unclear whether self-reported
symptoms after initial recovery from infection can be
directly attributed to COVID-19 or result from other, con-
comitant conditions. Recently, a six-month study of 10,000
individuals with COVID-19 found that 10% of participants
in the US were classified as PASC positive using a score [6].
However, there is limited evaluation of long-term sequelae
of mild/moderate COVID-19 in a population-based group
of patients [18], compared to matched community controls,
especially in Low- and Middle-Income Countries (LMICs).

Health Related Quality of Life (HRQoL) assesses overall
health via the SF-36 questionnaire, considering physical
limitations, mental health, emotional and social well-
being [19]. It captures how reduced physical and mental
health impacts daily activities. Studies have shown that
HRQoL, as measured by SF-36 [13], can predict subse-
quent morbidity and mortality [20-22].

We assessed the enduring effects of COVID-19 by
comparing the HRQoL and symptoms of individuals
diagnosed with COVID-19, 6 to 25.8 months post-infec-
tion, with a control group from the RESPIRA cohort
study in Costa Rica. Cases and controls were matched on
age, sex, residence, and recruitment time. Adjusting for
common confounding allowed to distinguish differences
in HRQoL and symptom prevalence between cases and
community controls, shedding light on the lasting impact
of COVID-19 on the population [23].

Materials and methods

Study population: The RESPIRA cohort [23]

Costa Rica, a middle-income Central American country
of 5 million residents, operates a universal healthcare sys-
tem [24] administered by the Caja Costarricense de Seguro
Social (CCSS). This centralized institution offers robust
vital statistics and surveillance data similar to certain
high-income nations [25, 26]. Throughout the COVID-19
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pandemic, the country enforced mandatory COVID-19
case reporting across public and private health facilities.

RESPIRA is a population-based prospective study of
COVID-19 cases and community controls. From Novem-
ber 2020 to October 2021, 999 PCR-confirmed COVID-
19 cases randomly selected from the national surveillance
list, including all the cases diagnosed in Costa Rica in
both public and private laboratories; and 1999 matched
population-based controls were recruited. Cases were
recruited from 48 of the 81 cantons of Costa Rica, where
70% (3.6 million persons) of the population reside. Two
population-based controls matched to cases on age, sex
and residence, were randomly selected for each partici-
pating case and recruited in a three-month window after
identifying the case. Antibodies testing was applied in
controls. Overall, 28% of cases were defined as active,
recruited within two weeks of diagnosis; the remaining
cases were enrolled from 15 days through 17 months
after COVID-19 diagnosis by PCR-test [23, 27].

At recruitment, data were collected regarding socio-
economic characteristics, comorbidities (hypertension,
type II Diabetes, obesity, hypercholesterolemia, asthma,
and other comorbidities) [23], health behaviors, and
symptoms or hospitalization during infection (to define
severity in cases) (Fig. 1). During follow-up, participants
were visited monthly and data were collected through
an interview inquiring about a large list of symptoms
(e.g. headache, cough, fatigue, fever, diarrhea, vomiting
pain when swallowing, shortness of breath, muscle pain,
joint pain, abdominal pain, chest tightness, nasal conges-
tion, productive cough, and skin manifestation). At the
6-month visit, the SF-36 questionnaire (HRQoL) [28] and
three questions on changes in the ability to concentrate
in the Section 5-Mental Health Inventory (MHI) were
administered (see study outcomes) [29]. Among cases,

CASES

Between 3 days and 17 months
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the 6-month visit occurred 6.0 to 25.8 months after their
COVID-19 diagnosis (Median = 9.0 months).

Exclusion criteria

In the cohort, 866 cases and 1685 controls aged 18 years
or older were included in the analysis. Participants who
did not complete their 6-month visit (N=444, 17%) or
did not respond to the SF-36 questionnaire (N=22) were
excluded. Additionally, self-declared reinfected cases
(N=16) and controls with evidence of prior COVID-19
infection (through self-declaration at enrollment or dur-
ing follow-up, identification in the national surveillance
system, or positive antibodies) were excluded (N=448).
Antibody testing (for protein N and S1-RBD) was con-
ducted at the German Cancer Research Center (DKFZ)
Heidelberg [30]. Cases vaccinated prior to infection were
also excluded (N=38).

Severity in cases

Cases were categorized into three groups based on the
severity of their COVID-19 infection: mild, moderate,
and hospitalized. Mild and moderate were determined
by the presence of five symptoms associated with hospi-
talization in RESPIRA: fever, shortness of breath, chest
tightness, disorientation/lethargy/confusion, and fatigue.
Moderate cases included non-hospitalized participants
with three or more of these symptoms, while those with
fewer were considered mild. Asymptomatic cases were
rare (n=15, 2.3%).

Study outcomes
Symptoms were assessed at monthly follow-up visits,
for both cases and controls, considering symptoms

M6

M2 M3 M4 M5

4 I | I I L] Time

CONTROLS

M2 M3

M6
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M1
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®Base visit: age, sex, comorbidities, residence, education level, working status, behaviors.

Diagnosis via PCR.

Monthly visit: symptoms experienced since last visit.
6-month visit (M6): Health-related quality of life (HRQoL).

Fig. 1 Study schematic
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since the preceding visit (if it occurred within 21-60
days prior to current visit).

HRQoL (SF-36 questionnaire) was administered at the
6-month visit. The questionnaire captures health-related
interference with daily life activities due to physical health
limitations or emotional problems, including social activi-
ties, vitality, or symptoms associated with anxiety/depres-
sion during the past 4 weeks. The scoring algorithm was
based on a factor analysis as presented by Farivar et al.
[31] to convert the SF-36 raw scores into two dimensions
(see Supplementary Materials), with higher scores related
to better HRQoL [32]: the Physical Component Summary
(PCS) and the Mental Component Summary (MCS) [33].
A concentration scale was constructed using three Mental
Health Inventory (MHI) questions about memory, con-
centration/thinking, and reasoning/problem solving. MHI
was the average score associated with response to the
three questions. The PCS, MCS, and MIH were standard-
ized (mean=50, sd=10) [31].

Self-Perceived Health Change was assessed using the
SE-36 question, "Compared to one year ago, how would
you rate your health in general now?" (not included in the
PCS / MCS). Participants were categorized as either expe-
riencing worsening health ("Somewhat worse" | "Much
worse") or improving health ("Much better" | "Somewhat
better" | "About the same"). Cases with a disease dura-
tion exceeding one year prior to the interview date were
excluded when analyzing this specific outcome (N=209).

Independent variables

Adjustment variables included decennial age, sex (male/
female), province, education level (primary education or
less / lower than secondary education / upper secondary
education / higher education), working status (employee
public or private / independent or informal workers / not
working), current smoking status (current smoker, non-
smoker), case-control status, and “Other sickness episode
than COVID-19 during follow-up” was added as a con-
trol variable inquiring about symptoms that started after
recruitment in the last four months in cases and in controls.
It was created to investigate if cases reported systematically
being sicker, on average, than controls, which could have
biased the comparison. Comorbidities encompassed hyper-
tension, diabetes, obesity, hypercholesterolemia, asthma,

PcoNTROL_STD = P(Limitation = 1|Case = 0) =1 —
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Statistical analysis

Data from controls were used to estimate the hypothet-
ical health status cases would have had at the 6-month
visit if they had not contracted COVID-19. The differ-
ence in symptom frequency and scores reflected the
attributable impact of COVID-19 on health.

Symptoms

Symptoms commonly experienced during the acute phase,
such as fever, cough, and headache, typically occur within
the first two weeks following diagnosis. These symptoms
were assessed in both cases and controls at each monthly
visit. The prevalence of symptoms was calculated based
on the time since diagnosis for both cases and controls,
using the percentage of visits where participants reported
symptoms across all its follow-up visits.

HRQol items

At the 6-month visit, percentages of cases and controls
reporting limitations for each SF-36 item and the MIH
were calculated. Limitations were defined as scores
below 25/100 for comparability across items. The pro-
portion of cases and controls reporting at least one
limitation was computed for each of the eight SF-36
dimensions (Physical Functioning, Role-Physical, Bod-
ily Pain, General Health, Vitality, Social Functioning,
Role-Emotional, Emotional Well-being). MIH was
approximated using three questions, with the last two
questions specifically used to describe Brain fog.

To assess the impact of COVID-19, we calculated
the difference Asrp between the percentage of cases
reporting each limitation at the 6-month visit and the
estimated percentage that would have been observed
in cases if they hadn’t contracted the virus. To estimate
Agtp taking into account the socioeconomic differences
between cases and controls, we standardized the con-
trol group based on the cases characteristics as a refer-
ence. For each case, the following was calculated:

ASTD = PCASE — PCONTROL_STD
with

1

= P(Limitation = 1|Case=1)=1— — ————
DCASE ( | ) 1+ exp(Bo + XB)

1

1+ exp(Bo + Beontrot + XB)

and those associated with a high risk of severe COVID-19
[23], alongside additional comorbidities not directly linked
to COVID-19 (please see supplementary information).

[ were estimated using a logistic regression, in one single
model combining cases and controls, adjusted for case
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control status and all independent variables presented
above.

HRQol scores

The PCS, MCS, and MHI scores are continuous quanti-
tative variables, while Self-Perceived Health Change is
dichotomous. Mean scores for PCS, MCS, and MHI were
computed for both controls and cases. The percentage
of individuals reporting a negative Self-Perceived Health
Change (‘Somewhat worse’ or ‘Much worse’) was deter-
mined for each group. These analyses were performed
for the entire sample and stratified by the illness severity
among cases.

Models

Linear regression models were utilized to analyze
SF-36 PCS, MCS, and MHI scores individually. The
[B-coefficients are presented as the slopes of the adjusted
regression.

Logistic regression models were applied to assess each
SF-36 item and the Self-Perceived Health Change vari-
able, which compares current health to that of a year ago.

Two models were created for analyzing SF-36 PCS, MCS,
MHI scores, and Self-Perceived Health Change. Model
1 adjusted for binary case/control status, while Model 2
included a 4-level dummy variable: control, mild case,
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moderate case, and hospitalized case. Models were adjusted
for independent variables (see independent variables).

Additional analysis

A sensitivity analysis was conducted by considering par-
ticipants recruited as controls in RESPIRA who were
diagnosed with COVID-19 either before recruitment
(self-declared or identified in the CCSS list) (N=124) or
after recruitment at least 30 days before the month-6
visit (N=153). It was expected that HRQoL of these par-
ticipants would resemble that of cases. Additionally, con-
trols without a PCR-based diagnosis but with infection
detected by antibodies in enrollment serum samples were
analyzed (N=131). The same models used in the main
analysis were applied, with the exclusion of new symp-
tom appearances.

Ethics and data

The protocol number of this study is the R020-
SABI-00261 and was approved by the Ethical Review
Committee of the Center for Strategic Development and
Information on Health and Social Security (CENDE-
ISSS) of the CCSS and registered in the National Health
Research Council (CONIS). All participants signed an
informed consent.

| Cases (N=866) |

| Controls (N=1685) |

Did not complete M6 visit |
Excluded: 444

Got COVID-19 before recruitment
Excluded: 282 (only in controls)

Got COVID-19 after recruitment
Controls: 166
Reinfected cases: 16

Incomplete SF-36
Exclusion: 22

| COVID-19 infection after vaccination
Exclusion: 38 (only in cases)

| N=706 | | N=1401 |
| N=1119 |
v v
| N=690 | | N=953 |
v v
| N=641 | | N=942

Fig. 2 Flow-chart of the study (N=1583)
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Table 1 Demographic and socioeconomic characteristics and comorbidities in controls and cases (NS=not significant)
Sample (N=1588)
Controls (N=942) Cases (N=641) Chi-2
Sex NS
Men 449 (48%) 286 (45%)
Women 493 (52%) 355 (55%)
Age NS
18-29y 146 (16%) 117 (18%)
30-39y 162 (17%) 121 (19%)
40-49y 149 (16%) 119 (19%)
50-59%y 167 (18%) 116 (18%)
60-69y 197 (21%) 106 (17%)
70y+ 121 (13%) 62 (10%)
Severity
Mild - 379 (59%)
Moderate - 223 (35%)
Hospitalized - 39 (6%)
Time since diagnosis at recruitment
0-29 days - 219 (34%)
30-89 days - 145 (23%)
90 days or more - 277 (43%)
Province NS
GAM 638 (68%) 419 (65%)
Guanacaste-Puntarenas 304 (32%) 222 (35%)
Education level NS
Complete Elementary School 313 (33%) 184 (29%)
Incomplete High School 182 (19%) 116 (18%)
Complete High School or Technical training 197 (21%) 134 (21%)
Complete or Incomplete University 250 (27%) 207 (32%)
Working status <0.01
Employee (public or private) 185 (20%) 283 (44%)
Independent or informal workers 186 (20%) 98 (15%)
Not working 571 (61%) 260 (41%)
Currently smoking 122 (13%) 42 (7%) <0.01
Comorbidities
Hypertension 284 (30%) 193 (30%) NS
Diabetes I 130 (14%) 87 (14%) NS
Obesity 114 (12%) 101 (16%) 0.04
Cholesterol 251 (27%) 183 (29%) NS
Asthma 106 (11%) 98 (15%) 0.02
Another comorbidity related to COVID-19 148 (16%) 85 (13%) NS
Other comorbidity 260 (28%) 174 (27%) NS
Other sickness episode than COVID-19 during follow-up? 329 (35%) 220 (34%) NS

# Coming from the follow-up question

Results

Figure 2 presents the study population flowchart, which
began with 866 cases and 1685 controls, ultimately
resulting in 641 unvaccinated cases (74% of total) and
942 controls (56% of total) for final analysis. Table 1 out-
lines the characteristics of the participants. Among cases,

59% were categorized as mild, 35% as moderate, and 6%
as hospitalized. Controls and cases exhibited similar
demographics in terms of age, sex, province of residence,
and education level. A higher proportion of cases were
employed compared to controls (44% vs. 20%). Although
prevalence of most comorbidities was comparable
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Fig. 3 Percentage of cases and controls who declared symptoms since their last visit, according to time since diagnosis (in cases) and on average
(in controls). Interpretation: On average, at two months after diagnosis, cases reported symptoms since their last visit in 20.1% of the visits. In
contrast, controls reported symptoms in 11.3% of all visits during the study period

between groups, asthma and obesity were slightly more
prevalent among cases. Both groups experienced similar
rates of other sickness episodes than COVID-19 during
follow-up.

Figure 3 illustrates symptom progression associated
with the acute phase in cases. 15-30 days after diagno-
sis, 46% reported symptoms since their last visit. This
proportion decreased to 24% 1-3 months after diagno-
sis. Beyond the 4th month, the percentage of cases who
reported symptoms since their last visit remains sta-
ble but significantly higher than in controls. On aver-
age, including all visits occurring during the 4th month
and after, 14.6% of cases and 11.3% of controls reported
symptoms (p=0.03).

Table 2 presents the COVID-19 symptoms since the
last monthly visit, when this occurred at least six months
post-diagnosis in cases and in controls. Symptoms
reported by cases diagnosed 6 to 9 months before the
visit were comparable to those diagnosed 9 months or
more prior. The prevalence of common symptoms (nasal
congestion, cough, headache, and pain when swallow-
ing) was similar between cases and controls. However,
cases reported joint pain (1.9% of visits), chest tightness
(1.2%), skin manifestations (0.8%) are more frequently
than controls (0.9%, 0.4%, and 0.2% respectively). Fatigue
and shortness of breath were significantly more fre-
quent among cases only between 9-26 months after the
diagnosis.

Table 3 displays SF-36 results by item for cases
and controls, before and after standardization. Cases

exhibited higher prevalence of limitations compared to
standardized estimates in controls across all SF-36 and
MHI items. Among those who contracted COVID-19 6
to 12 months before the 6-month visit, 20.1% reported
worse health compared to a year ago (before their infec-
tion), 12.4 percentage-points higher than standardized
controls. Compared to standardized controls, cases
reported higher rates of physical health limitations (8%
higher), fatigue (6.2% higher), feeling worn out (5.5%
higher), lack of vitality (7.3% higher), feeling very nerv-
ous (4.8% higher), and brain fog (6% higher). These dif-
ferences affected daily life, with 23.2% of cases reporting
difficulty performing work or other activities, 8.6 per-
centage-points more than standardized controls.

Table 4 presents the results of both bivariate and multi-
variable analyses comparing cases versus controls. Linear
regression was used to analyze the PCS, MCS, and MHI
scores, while logistic regression was employed to assess
Self-Perceived Health Change. Cases had, on average
and after adjustment for possible confounders, signifi-
cantly lower PCS (Bpcg=-2.8 [-3.7,-1.8]), MCS (Byics=-2.4
[-3.4,-1.3]), and MHI (B =-1.7 [-2.7,-0.7]) scores, com-
pared to controls, indicating better quality of life in con-
trols. Cases diagnosed between 6 and 9 months ago had
non-significantly worse HRQoL than cases diagnosed
more than 9 months ago (Table S1). To illustrate the
effect of COVID-19 on HRQoL, we compared HRQoL
among individuals affected by other medical conditions.
Table S2 indicates that differences in HRQoL between
cases and controls are comparable to those observed
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Table 2 Symptoms reported by controls and cases since their last visit®

Controls Cases

(N=934)° (N=539)
Symptom All visits Total Cases Diagnosis (%)

% %

6 to 9 months ago 9 to 26 months ago
N=346 N=193

At least one symptom® 113 14.0% 14.6% 13.0
Nasal congestion 5.5 5.6 52 6.4
Headache 44 4.7 4.5 53
Cough 36 43 44 42
Pain when swallowing 30 29 32 23
Muscle pain 2.1 26 25 26
Fatigue 20 3.0 2.7 3.6%
Productive cough 1.8 24 24 24
Fever 15 14 13 1.6
Joint pain 09 1.9%x* 2.0%%* 1.8%
Diarrhea 09 1.0 09 1.2
Shortness of breath 0.8 16 14 1.9%
Vomit 04 0.3 0.1 0.6
Abdominal pain 04 03 0.1 0.7
Chest tightness 04 1.2%xx 1.5%% 0.8
Skin manifestations 0.2 0.8* 0.7 0.9%

Test between cases (total) and controls; and between cases according to time since diagnosis, were calculated (diagnosis 6-9 months vs controls and diagnosis 9-26

months vs controls)

2 Last visit between 21 and 60 days. Mean time since last visit was 34 days in both cases and controls.

b The list of symptoms included the symptoms presented in the table, and other less common symptoms six months after diagnosis: loss of smell, loss of taste, red

eyes, irritability, bloody vomit, palpitations, sleep disturbances
" p<0.01
" p<0.05

when comparing individuals with and without asthma.
However, these differences are notably smaller than those
observed when comparing individuals with and with-
out chronic diseases (e.g., arthritis). (Bpcs=-9.0 [-11.1,-
6.8]). Multivariable analysis also showed HRQoL was
similar in mild cases and controls, but was significantly
lower for moderately ill and hospitalized cases. Table S3
presents additional analysis in participants recruited as
controls, but who had COVID-19. Among this group,
some individuals were found in the CCSS list (“diagnosed
participants”), or were identified via antibodies testing
(“undiagnosed cases”). Diagnosed participants had lower
PCS, MCS and MHI scores and worse Self-Perceived
Health Change compared to controls. Undiagnosed cases
(controls who had COVID-19 antibodies) had similar
results to controls who did not get COVID-19, showing a
pattern comparable to mild cases.

Table 5 displays the multivariable analysis of HRQoL
stratified by sex. Disparities between cases and controls
were more pronounced in women than in men for the

PCS (f=-3.9 [-5.3,-2.5] and -1.2 [-2.5,0.1] respectively),
the MCS (f=-3.9 [-5.4,-2.5] and -0.3 [-1.7,1.0]), and the
MHI scores (f=-2.3 [-3.8,-0.8] and -0.8 [-2.3-0.6]), but
not in Self-Perceived Health Change. While scores were
similar between controls and mild cases, they were lower
in moderate/hospitalized cases compared to controls for
both genders. However, the disparity between moder-
ate/hospitalized cases and controls was greater among
women compared to men.

Discussion

We observed decreased Health-Related Quality of
Life and concentration scores in cases diagnosed with
COVID-19 before vaccination, compared to those with-
out COVID-19, 6 months to 2 years post-diagnosis.
Cases reported 8.0% more physical limitations, 7.3%
increased lack of vitality, and 6.0% more brain fog com-
pared to controls with similar characteristics. 12.4% more
cases than controls reported worse health compared to
one year ago, indicating the percentage of unvaccinated
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Table 3 Prevalence of limitations and health problems according to the 36 items of the SF-36 and 3 items of the MHI, in cases and in

controls
Cases Controls (%) Controlsgrp Asrp
(%) [95%Cl] [95%Cl]
SF-36
In general, would you say your health is® 184 15.8 149[11.8,185] 36[-0.1,6.7]
Compared to one year ago, how would you rate your health in general now??! 20.1 8.8 7.7 [5.5,10.7] 124194, 14.6]
Does your health now limit you in these activities?
Vigorous activities, such as running, lifting heavy objects, participating in strenuous sports© 18.6 17.7 14.5[116,179] 4.1[0.7,7.0]
Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing golf* 9.7 8.8 7.815.6,10.7] 19[-1.0,4.1]
Lifting or carrying groceries® 8.0 7.7 6.8 [4.8,94] 12[-14,32]
Climbing several flights of stairs 15.6 133 11.8[9.1,150]  3.8[06,6.5]
Climbing one flight of stairs® 7.7 7.3 6.4 14.5,9.0] 3[-1.3,33]
Bending, kneeling, or stooping* 133 1.3 10.2[7.8,13.1] 2[0.2,5.6]
Walking more than a mile® 13.0 10.0 86 [65 11.4] 3[16,6.5]
Walking several blocks® 9.9 79 5[54,103] 41-04,4.5]
Walking one block® 49 39 823, 60] 2[-1.0,2.7]
Bathing or dressing yourself® 20 13 410.6,3.1] 9[0.1,2.7]

During the past 4 weeks, have you had any of the following problems with your work or other regular daily activities as a result of your phy5|cal

health?
Cut down the amount of time you spent on work or other activities®
Accomplished less than you would like
Were limited in the kind of work or other activities®
Had difficulty performing the work or other activities (for example, it took extra effort)®

19.1
276
225
232

16.4
237
19.7
166

145(114,182]
221182, 265]
18.3[14.8,22.4]
14.5[11.6,18.0]

6[0.9,7.7]
5[1.1,9.3]
2[0.1,7.7]
6[5.1,11.6]

During the past 4 weeks, have you had any of the following problems with your work or other regular daily activities as a result of any emotional

problems (such as feeling depressed or anxious)?
Cut down the amount of time you spent on work or other activities®
Accomplished less than you would like?
Didn't do work or other activities as carefully as usual®

During the past 4 weeks, to what extent has your physical health or emotional problems inter-
fered with your normal social activities with family, friends, neighbors, or groups?®

How much bodily pain have you had during the past 4 weeks?®

During the past 4 weeks, how much did pain interfere with your normal work (including
both work outside the home and housework)?®

How much of the time during the past 4 weeks
Did you feel full of pep?9
Have you been a very nervous person?”
Have you felt so down in the dumps that nothing could cheer you up?"
Have you felt calm and peaceful??
Did you have a lot of energy??
Have you felt downhearted and blue?"
Did you feel worn out?"
Have you been a happy person?9
Did you feel tired?"

During the past 4 weeks, how much of the time has your physical health or emotional problems
interfered with your social activities (like visiting with friends, relatives, etc)?"

How TRUE or FALSE is each of the following statements for you.
I seem to get sick a little easier than other peoplel
I'am as healthy as anybody | know'
I expect my health to get worsel

My health is excellent’

22.2
240
215
9.6

15.2
12.7

7.7
88
4.7
6.4
7.0
6.0

4.1
14.5
9.3

17.0
17.5
9.0

14.0

193
191
16.5
6.6

1.7
8.3

53
44
20
44
50
36
79
43
79
6.8

8.6
125
8.8
10.6

20.2[16.4,24.6]
19.8[16.1,24.2]
156[123,19.5]
6.6 [4.6,94]

1141[86,14.7]
7.7 [5.6,10.5]

6[3.0,6.9]
0[26,6.1]
6[0.9,3.0]
01[25,6.2]
4(29,6.7]
5[22, 56]
7[56,106]
[21 58]
3[6.0,11.3]
9[4.8,99]

9.6[7.1,12.7]
11.3[8.6,14.6]
751[5.2,10.6]
96(7.1,12.8]

0[-24,58]
10-0.2,79]
9[1.0,82]
[O 2,5.0]

3.8[04,6.5]
50[22,7.1]

1[0.8,4.7]
8[2.7,6.2]
101.7,3.8]
410.2,3.9]
71[04,43]
51[04,3.9]
51[2.6,7.7]

6[-1.7,2.0]
2[3.2,85]

3[-0.7,4.5]

4.3,99]
3.0,89]
1.6,3.8]

4 [
3[
5[
5[13,7.0]
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Table 3 (continued)
Cases Controls (%) Controlsgp Asrp
(%) [95%Cl] [95%Cl]
MHI
During the past month, how much of the time did you forget, for example, things that happened  11.0 9.8 10.0[7.3,13.5] 1.2[-23,39]
recently, where you put things, appointments?"
During the past month, how much of the time did you have difficulty doing activities involving 17.0 124 11.2[8.6,14.5] 5.81[25,8.5]
concentration and thinking?"
How much of the time, during the past month, did you have difficulty reasoning and solving 10.8 74 6.2[44,88] 45120,64]
problems; for example, making plans, making decisions, learning new things?"
Summary variables (at least one limitation)*
Physical Functioning 301" 254 22.10186,259] 801[4.2,115]
Role-Physical 339 27.9 25.7[21.6,302] 8.2[3.7,12.3]
Bodily Pain 184 14.7 135[106,17.1]  49[13,7.8]
Vitality 226 15.7 1531[12.1,19.1]  7.31[3.5,10.5]
Social Functioning 14.5 109 11.3[85,14.9] 3.2[-04,6.0]
Role-Emotional 28.1 243 255([21.3,302] 26[-2.2,68]
Emotional Well-Being 16.5 125 11.1[8.5,14.4] 541(2.1,8.1]
Brain fog 19.8 153 13.8[10.8,174] 6.0[24,9.0]
@ Fair/poor

b Somewhat worse/much worse than one year ago
“Yes, limited a lot

dYes

€ Quite a bit/Extremely

fSevere/very severe

9 Alittle of the time/none of the time

P All of the time/most of the time

" Mostly false/definitely false

J Mostly true/definitely true

KInterpretation: 30.1% of cases report at least one limitation in physical functioning

! N=1374. Controlserp: Prevalence in controls standardized on cases characteristics. As;p=Cases- Controlsep,

cases whose COVID-19 infection significantly impacted
HRQoL. Individuals with undiagnosed COVID-19 or
mild symptoms had HRQoL similar to controls.

PCR-diagnosed cases exhibited lower HRQoL scores
in the physical component summary, the mental health
component summary (from the SF-36), and the concen-
tration scale (from the Mental Health Inventory). These
differences were statistically significant and persisted
after adjusting for potential confounders. These find-
ings align with existing literature on post-COVID condi-
tions [34]. The findings indicating that recovered cases
reported more physical limitations, fatigue, feeling worn
out, and brain fog compared to controls are consistent
with previous research [8, 35]. These self-perceptions
confirm the substantial impact of COVID-19, with a
higher proportion of cases reporting worse health com-
pared with the year prior.

The difference in HRQoL between individuals who
had COVID-19 and those who did not was primar-
ily driven by women. This gender disparity, already
observed, may be attributed to hormonal, immune

differences, or reporting bias [36]. Individuals with
moderate symptoms or who were hospitalized had
lower HRQoL. Conversely, those with mild symptoms
reported similar HRQoL to controls, as did undiag-
nosed cases identified by the presence of anti-SARS-
CoV-2 antibodies. The comparison of controls by
severity reveals that the more severe the acute illness,
including those requiring hospitalization, the more
significant the long-term effects are on all dimensions
of HRQoL, particularly among women. This finding is
consistent with existing literature, which suggests that
the severity of the acute phase is linked to post-COVID
conditions [6]. However, other factors may partially
explain the difference between mild, moderate, and
hospitalized cases in our study. Indeed, hospital-
ized cases exhibited differences compared to controls
with respect to sex, age and comorbidities (Table S4).
Moderate and hospitalized cases may have had poorer
health before infection compared to those with mild
symptoms, but our findings remained consistent after
adjusting for reported comorbidities associated with
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Table 4 Bivariate and multivariable analysis of Health-Related Quiality of Life Scores (PCS, MCS), Health Progression and Concentration

Score (MIH) in controls and cases, overall and by severity

SF-36 MHI¢
PCs? mcsP Health Progression Concentration score
Bivariate analysis? Mean [95%Cl] Mean [95%Cl] % Mean [95%ClI]
Controls 51.0[50.4, 51.6] 51.0[50.4,51.6] 8.8% 50.7 [50.1,51.3]
Cases (overall) 48.6[47.8,494] 48.5[47.7,49.3] 20.1% 49.0 [48 2,49. 8]
Cases: Mild 51.1150.1,52.0] 50.6 [49.6,51.6] 15.4% 50.1 [49 ]
Cases: Moderate 452[43.7,46.7] 453 [43.8,46.8] 27.7% 47.5 [46 0, 48. 9]
Cases: Hospitalized 44.0(39.8,48.2] 46.6 [42.6,50.6] 21.1% 46.9 [434,50.3]
Multivariable analisis B [95%CI]¢ B [95%ClI]¢ OR [95%Cl]® B [95%Cl]¢
Model 1
Controls: ref 0 0 1 0
Cases -28[-3.7,-1.8]%** -24[-34,-1.3]%** 32[2.2,471%* -1.7 [-2.7,-0.71%**
Model 2
Controls: ref 0 0 1 0
Mild -06[-1.7,0.5] -04[-16,08] 2.5[1.6,3.9*** -061[-1.8,0.7]
Moderate 5.8 [-7.2,-4.5]%%* -5.2 [-6.6, -3.8]** 4.7 [2.9, 747 -3.1 [-4.6, -1.6]**
Hospitalized -5.6 [-8.5,-2.7]%** 4.6 [-7.6,-1.6]*** 2.1[0.7,7.0] 42 [-7.3,-1.07%

2 Physical Component Summary (PCS)
b Mental Component Summary (MCS)
€ Mental Health Inventory (MHI)

9 Linear regressions models were employed to analyze the PCS, MCS and MHI scores.

€ Logistic regression model was used for the Health Progression variable. Models were adjusted for comorbidities, decennial age, sex (male/female), province,
education level (primary education or less / lower than secondary education / upper secondary education / higher education), working status (employee public or
private / independent or informal workers / not working), current smoking status (current smoker, non-smoker), case-control status, and other sickness episode than

COVID-19 during follow-up
" <0.01
" <0.05

COVID-19 severity. Hospitalization itself can directly
affect patients, leading to general weakness and psy-
chological effects [37, 38]. Both the severity of the acute
phase and HRQoL were measured using self-reported
questionnaires, and their association may be influenced
by unmeasured confounders.

Regarding the COVID-19 symptoms, we found that from
4 months after diagnosis onwards, the percentage of cases
who reported symptoms such as joint pain, chest tightness
and skin manifestations stabilized at a higher level than
in controls. The persistence of these symptoms has been
reported in the literature [39, 40]. Other symptoms asso-
ciated with the acute phase of COVID-19 and previously
reported to be associated with PCC (fever, cough, headache,
etc.) were not more prevalent. This might be explained by
the longer time since diagnosis in our study compared to
previous studies on PCC [1, 18]. Indeed, Montoy et al,
recently showed that symptoms declined over time in both
cases and controls, and at 12 months of follow-up, the
reported symptoms were not significantly different [18].

The primary limitation of our study is the absence of
a pre-COVID-19 HRQoL measure, which could have

provided insight into the baseline health status. This
limitation raises concerns regarding the possibility that
individuals with better health prior to infection may have
experienced fewer symptoms and thus been less likely to
be diagnosed. However, sensitivity analyses conducted on
controls who contracted COVID-19 (diagnosed or undi-
agnosed), yielded results consistent with the main analy-
sis. Additionally, a higher proportion of individuals who
had COVID-19 reported poorer health compared to the
previous year, confirming the hypothesis of long-term
impacts. Models were adjusted for health status previous
infection using comorbidities, and few differences were
observed in comorbidity prevalence between cases and
controls. Furthermore, cases did not report more non-
COVID-19 sickness episodes during follow-up compared
to controls. Finally, it is worth noting that these analyses
only applied to unvaccinated persons.

This study exhibits numerous strengths. It is a popula-
tion-based cohort study that prospectively gathered data
on COVID-19 cases and a contemporaneous matched
group of uninfected individuals. With a large sample
and a follow-up period ranging from 6 months to 2 years
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Table 5 Multivariable analysis of Health-Related Quality of Life Scores (PCS, MCS), Health Progression and Concentration Score (MIH)
in controls and cases, overall and by severity, stratified by sex

SF-36 MHI¢
PCs?® McsP Health Progression Concentration
B [95%IC]¢ B [95%IC]¢ OR[95%IC]® B [95%IC]¢
MEN
Model 1
Controls: ref 0 0 1 0
Cases -1.2[-2.5,0.1] -03[-1.7,1.0] 2916537 -0.8 [-2.3,0.6]
Model 2
Controls: ref 0 0 1 0
Mild 06[-1.0,2.1] 1.5[-0.1,3.1] 1.91[0.9,4.1] 0.7[-1.0,24]
Moderate -34[-5.2,-1.5]* -2.5 [-4.4,-0.6]*** 5.5[2.5,12.01** -29[-4.9,-0.8]***
Hospitalized -3.6 [-6.8,-0.5]* -34[-6.7,-0.1]* 20105, 88] -2.7[-6.2,09]
WOMEN
Model 1
Controls: ref 0 0 1 0
Cases -39 [-5.3,-2.5]*** -39 [-54,-2.5]%** 341[2.1,560*** -2.3[-3.8,-0.8]***
Model 2
Controls: ref 0 0 1 0
Mild -13[-29,03] -1.8[-3.5,-0.11* 291016, 5.11%** -151[-3.2,02]
Moderate -7.7 [19.6, -5.8]*** -7.2[-9.2,-5.2]%* 44 24,81 -3.0 [-5.0, -0.9]***
Hospitalized -9.7 [[15.1,-4.2]%* -641[-12.2,-0.71* 1.710.2,19.0] -751[-134,-1.6]*

2 Physical Component Summary (PCS)
b Mental Component Summary (MCS)
€ Mental Health Inventory (MHI)

d Linear regressions models were employed to analyze the PCS, MCS and MHI scores

€ Logistic regression model was used for the Health Progression variable. Models were adjusted for comorbidities, decennial age, sex (male/female), province,
education level (primary education or less / lower than secondary education / upper secondary education / higher education), working status (employee public or
private / independent or informal workers / not working), current smoking status (current smoker, non-smoker), case-control status, and other sickness episode than

COVID-19 during follow-up
"<0.01
" <0.05

post-COVID-19 diagnosis (median follow-up of 9 months),
this study allows for a comprehensive longitudinal analysis
of diverse COVID-19 health impacts. Cases were drawn
from the social security list, providing a representative sam-
ple of individuals affected by COVID-19 within the popu-
lation. The community controls were matched to cases in
terms of age, sex, and residence. Diagnosis was confirmed
via PCR, with antibody analyses against the nucleocapsid
(N) protein, distinguishing natural infection from vaccine-
induced immunity. This approach facilitates the observa-
tion of differences in HRQoL among undiagnosed cases.
Health outcomes were evaluated using validated question-
naires (SF-36, MHI) to assess the impact of COVID-19
on physical and mental health, as well as daily activities.
The study encompasses a wealth of information and vari-
ables, enabling control for potential confounders, includ-
ing chronic pathologies such as those causing chronic pain,
allowing for a comparison of HRQoL scores between these

conditions and COVID-19. Given the pandemic’s char-
acteristics and the varying prevalence of morbidities in
LMICs [41], post-COVID conditions may vary, potentially
affecting estimations and health system burdens.

Conclusion

Long-term COVID-19 effects were confirmed, impact-
ing physical and mental health. Those diagnosed pre-
vaccination showed lasting HRQoL reduction (6 months
to 2 years post-diagnosis), with greater physical limita-
tions, reduced vitality, and increased brain fog. Women
and severe cases were notably affected. Mild or undi-
agnosed cases didn’t suffer long-term consequences.
These findings provide reassurance, particularly given
that most COVID-19 cases in many populations are
mild. Considering significant disparities across coun-
tries, continued monitoring of COVID-19 progression
and impact in LMICs remains imperative.



Barboza-Solis et al. BMC Infectious Diseases (2024) 24:557

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512879-024-09450-6.

[ Supplementary Material 1. }

Acknowledgments

This work was partially supported by the Division of Intramural Research, the
National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, MD, USA, and by the University of Costa Rica.

Members of the RESPIRA Study Group. Caja Costarricense de Seguro Social:
Alejandro Calderdn, Karla Moreno, Melvin Morera, Roy Wong. Ministerio de
Salud, Costa Rica: Roberto Castro. Agencia Costarricense de Investigaciones
Biomédicas — Fundacién INCIENSA, Costa Rica: Bernal Cortés, Rebecca
Ocampo, Michael Zufiga, Juan Carlos Vanegas. Fogarty International Center,
National Institutes of Health: Kaiyuan Sun.German Cancer Research Center,
Heidelberg, Germany: Marco Binder

Authors’ contributions

CBS: Conceptualization, Design, Data curation, Funding acquisition, Formal
Analysis, Investigation, Methodology, Software, Validation, Writing — original
draft, Writing - review & editing. RF: Conceptualization, Data curation, Funding
acquisition, Formal Analysis, Investigation, Methodology, Software, Validation,
Writing — original draft, Writing — review & editing. AH: Design, Methodol-

ogy, Validation, Writing — review & editing. RP: Formal Analysis, Investigation,
Methodology. CP: Design, Methodology, Writing — review & editing. JB: Formal
Analysis, Investigation, Methodology, Software. TW: Formal Analysis, Investiga-
tion, Methodology, Software. HR: Methodology, Writing — review & editing. AA:
Methodology, Writing — review & editing. AA: Data acquisition, Methodology,
Writing - review & editing. VL: Data acquisition, Methodology, Writing - review
& editing. DRP: Design, Methodology, Writing — review & editing, Validation.
MHG: Design, Methodology, Formal Analysis, Investigation, Validation RH:
Design, Data acquisition, Methodology, Validation, Writing — review & editing.

Funding

This work was sponsored and funded by the National Institute of Allergy
and Infectious Diseases through the National Cancer Institute (contract
HHSN2612017000121 / 75N91020F00001), the Science, Innovation, Technol-
ogy and Telecomunications Ministry of Costa Rica (grant N°FI-005-20), and
Costa Rican Biomedical Research Agency-Fundacion INCIENSA (grant N/A),
supported by the University of Costa Rica.

Availability of data and materials

The data that support the findings of this study are available from the Costa
Rican Social Security Fund (CCSS) but restrictions apply to the availability

of these data, which were used under license for the current study, and so
are not publicly available. Anonymous data are however available from the
authors upon reasonable request and with permission the CCSS.

Declarations

Ethics approval and consent to participate
This study has been approved by the Central Social Security (CCSS) IRB (Proto-
col number: R020- SABI-00261)

Consent for publication
The manuscript does not contain any individual personal data.

Competing interests
The authors declare no competing interests.

Author details

"Facultad de Odontologia, Universidad de Costa Rica, San José, Costa

Rica. Agencia Costarricense de Investigaciones Biomédicas, Fundacion
INCIENSA, San José, Costa Rica. *Biostatistics Branch, Division of Epidemiology
and Genetics, National Cancer Institute, Bethesda, MD, USA. 4Epidemiology
and Population Studies Unit, Division of Intramural Research, National Institute
of Allergy and Infectious Diseases, Rockville, MD, USA. ®Division of Infections

Page 13 of 14

and Cancer Epidemiology, German Cancer Research Center (DKFZ), Heidel-
berg, Germany. ®Caja Costarricense de Seguro Social, San José, Costa Rica.
’Centro de Investigacion en Biologia Celular y Molecular, Universidad de Costa
Rica, San José, Costa Rica. ®Escuela de Biologfa, Universidad de Costa Rica,

San José, Costa Rica. °Division of Cancer Epidemiology and Genetics, National
Cancer Institute, 9609 Medical Center Drive RM 7-E138, MSC 9780, Bethesda,
MD 20892, USA.

Received: 3 May 2024 Accepted: 30 May 2024
Published online: 04 June 2024

References

1. Groff D, Sun A, Ssentongo AE, Ba DM, Parsons N, Poudel GR, et al. Short-
term and Long-term Rates of Postacute Sequelae of SARS-CoV-2 Infec-
tion: A Systematic Review. JAMA Netw open. 2021;4(10):e2128568.

2. HigginsV, Sohaei D, Diamandis EP, Prassas I. COVID-19: from an acute to
chronic disease? Potential long-term health consequences. Crit Rev Clin
Lab Sci. 2021;58(5):297-310.

3. Callard F, Perego E. How and why patients made Long Covid. Soc Sci
Med. 2021;268:113426.

4. Center for Disease Control and Prevention - National Center for Health
Statistics. Post-COVID Conditions: Information for Healthcare Providers.
Available from: https://www.cdc.gov/coronavirus/2019-ncov/hcp/clini
cal-care/post-covid-conditions.html.

5. US Department of Health and Human Services. Terms & Definitions: Long
COVID Terms & Definitions. Available from: https://www.covid.gov/be-
informed/longcovid/aboutiterm.

6. ThaweethaiT, Jolley SE, Karlson EW, Levitan EB, Levy B, McComsey GA,
et al. Development of a Definition of Postacute Sequelae of SARS-CoV-2
Infection. Jama. 2023;02114:1-13.

7. Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV. A clinical case definition
of post-COVID-19 condition by a Delphi consensus. Lancet Infect Dis.
2022;22(4):102-7.

8. Center for Disease Control and Prevention - National Center for Health
Statistics. Long COVID or Post-COVID Conditions. Available from: https://
www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html.

9. Hirschtick JL, Titus AR, Slocum E, Power LE, Hirschtick RE, Elliott MR, et al.
Population-Based Estimates of Post-acute Sequelae of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection (PASC)
Prevalence and Characteristics. Clin Infect Dis an Off Publ Infect Dis Soc
Am. 2021;73(11):2055-64.

10. National Health Service (United Kindom). Long-term effects of COVID-19
(long COVID). Available from: https://www.nhs.uk/conditions/covid-19/
long-term-effects-of-covid-19-long-covid/.

11. Munipalli B, Seim L, Dawson NL, Knight D, Dabrh AMA. Post-acute seque-
lae of COVID-19 (PASC): a meta-narrative review of pathophysiology,
prevalence, and management. SN Compr Clin Med. 2022;4(1):90.

12. Byambasuren O, Stehlik P, Clark J, Alcorn K, Glasziou P. Effect of covid-19
vaccination on long covid: systematic review. BMJ Med. 2023;2(1). Avail-
able from: https://bmjmedicine.bmj.com/content/2/1/e000385.

13. Evans RA, Leavy OC, Richardson M, Elneima O, McCauley HJC, Shikotra A,
et al. Clinical characteristics with inflammation profiling of long COVID
and association with 1-year recovery following hospitalisation in the UK:
a prospective observational study. Lancet Respir Med. 2022;2.

14. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month consequences
of COVID-19 in patients discharged from hospital: a cohort study. Lancet.
2023;17;401(10393):e21-33. Available from: https://doi.org/10.1016/
S0140-6736(23)00810-3.

15. Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG, Mukherjee B.
Global Prevalence of Post COVID-19 Condition or Long COVID: A Meta-
Analysis and Systematic Review. J Infect Dis. 2022;226(9):1593-607.

16. Pérez-Gonzélez A, Aratjo-Ameijeiras A, Ferndndez-Villar A, Crespo M, Pov-
eda E, Cabrera JJ, et al. Long COVID in hospitalized and non-hospitalized
patients in a large cohort in Northwest Spain, a prospective cohort study.
Sci Rep. 2022;12(1):3369.

17. Zhou F,YuT,DuR, Fan G, LiuY, Liu Z, et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: a retro-
spective cohort study. Lancet. 2020;395(10229):1054-62.


https://doi.org/10.1186/s12879-024-09450-6
https://doi.org/10.1186/s12879-024-09450-6
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html
https://www.covid.gov/be-informed/longcovid/about#term
https://www.covid.gov/be-informed/longcovid/about#term
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://www.nhs.uk/conditions/covid-19/long-term-effects-of-covid-19-long-covid/
https://www.nhs.uk/conditions/covid-19/long-term-effects-of-covid-19-long-covid/
https://bmjmedicine.bmj.com/content/2/1/e000385
https://doi.org/10.1016/S0140-6736(23)00810-3
https://doi.org/10.1016/S0140-6736(23)00810-3

Barboza-Solis et al. BMC Infectious Diseases (2024) 24:557

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35

36.

37.

38.

39.

40.

Montoy JCC, Ford J, Yu H, Gottlieb M, Morse D, Santangelo M, et al.
Prevalence of Symptoms <12 Months After Acute lliness, by COVID-19
Testing Status Among Adults - United States, December 2020-March
2023. MMWR Morb Mortal Wkly Rep. 2023;72(32):859-65.

Ware JEJ. SF-36 health survey update. Spine (Phila Pa 1976).
2000;25(24):3130-9.

Barboza Solis C, Fantin R, Kelly-Irving M, Delpierre C. Physiological wear-
and-tear and later subjective health in mid-life: Findings from the 1958
British birth cohort. Psychoneuroendocrinology. 2016;74:24-33.

Kaplan MS, Berthelot J-M, Feeny D, McFarland BH, Khan S, Orpana H. The
predictive validity of health-related quality of life measures: mortality in a
longitudinal population-based study. Qual Life Res. 2007;16(9):1539-46.
Otero-Rodriguez A, Leon-Munoz LM, Balboa-Castillo T, Banegas JR, Rodri-
guez-Artalejo F, Guallar-Castillon P.Change in health-related quality of life as a
predictor of mortality in the older adults. Qual Life Res. 2010;19(1):15-23.
LoriaV, Aparicio A, Hildesheim A, Cortés B, Barrientos G, Retana D,

et al. Cohort profile: evaluation of immune response and household
transmission of SARS-CoV-2 in Costa Rica: the RESPIRA study. BMJ Open.
2023;13(12):071284.

Fantin R, Barboza-Solis C, Santamarfa-Ulloa C. Socioeconomic inequalities
in cancer mortality: is Costa Rica an exception to the rule? Int J Cancer.
2020;147(5):1286-93.

Rosero-Bixby L, Dow WH. Exploring why Costa Rica outperforms the
United States in life expectancy: A tale of two inequality gradients. Proc
Natl Acad Sci. 2016;113(5):1130-7.

Fantin R, Santamaria-Ulloa C, Barboza-Solis C. Social inequalities in cancer
survival: A population-based study using the Costa Rican Cancer Regjistry.
Cancer Epidemiol. 2019;2020(65):101695.

Fantin R, Agarwala N, Aparicio A, Pfeiffer R, Waterboer T, Abdelnour A,

et al. Estimating the cumulative incidence of SARS-CoV-2 infection in
Costa Rica: modelling seroprevalence data in a population-based cohort.
Lancet Reg Heal Am. 2023;27:100616.

RAND Corporation. 36-Item Short Form Survey (SF-36). Available from:
https://www.rand.org/health-care/surveys_tools/mos/36-item-short-
form.html.

RAND Corporation. Mental Health Inventory Survey. Available from: https.//
www.rand.org/health-care/surveys_tools/mos/mental-health.html.

Butt J, Murugan R, Hippchen T, Olberg S, van Straaten M, Wardemann

H, et al. From Multiplex Serology to Serolomics-A Novel Approach to

the Antibody Response against the SARS-CoV-2 Proteome. Viruses.
2021;13(5):749.

Farivar SS, Cunningham WE, Hays RD. Correlated physical and mental
health summary scores for the SF-36 and SF-12 Health Survey, vol 1.
Health Qual Life Outcomes. 2007;5(1):54.

Burholt V, Nash P. Short Form 36 (SF-36) Health Survey Questionnaire:
Normative data for Wales. J Public Health (Bangkok). 2011;33(4):587-603.
Lins L, Carvalho FM. SF-36 total score as a single measure of
health-related quality of life: Scoping review. SAGE open Med.
2016;4:2050312116671725.

Bryson WJ. Long-term health-related quality of life concerns related to
the COVID-19 pandemic: a call to action. Qual Life Res. 2021;30:643-5.
Poudel AN, Zhu S, Cooper N, Roderick P, Alwan N, Tarrant C, et al. Impact
of Covid-19 on health-related quality of life of patients: A structured
review. PLoS One. 2021;16(10):1-20.

Bai F, Tomasoni D, Falcinella C, Barbanotti D, Castoldi R, Mule G, et al.
Female gender is associated with long COVID syndrome: a prospective
cohort study. Clin Microbiol Infect Off Publ Eur Soc Clin Microbiol Infect
Dis. 2022;28(4):611.9-611.e16.

ChippaV, Aleem A, Anjum F. Post Acute Coronavirus (COVID-19) Syn-
drome. StatPearls Publishing; 2023. Available from: https.//www.ncbi.nlm.
nih.gov/books/NBK570608/.

Apple AC, Oddi A, Peluso MJ, Asken BM, Henrich TJ, Kelly JD, et al. Risk fac-
tors and abnormal cerebrospinal fluid associate with cognitive symptoms
after mild COVID-19. Ann Clin Transl Neurol. 2022;9(2):221-6.

Proal AD, VanElzakker MB. Long COVID or Post-acute Sequelae of COVID-
19 (PASC): An Overview of Biological Factors That May Contribute to
Persistent Symptoms. Front Microbiol. 2021;12:698169.

Douaud G, Lee S, Alfaro-Almagro F, Arthofer C, Wang C, McCarthy P, et al.
SARS-CoV-2 is associated with changes in brain structure in UK Biobank.
Nature. 2022,604(7907):697-707.

Page 14 of 14

41. Fantin R, Brenes-Camacho G, Barboza-Solis C. COVID-19 deaths: Distribu-
tion by age and universal medical coverage in 22 countries. Rev Panam
Salud Publica/Pan Am J Public Heal. 2021;45:1-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html
https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html
https://www.rand.org/health-care/surveys_tools/mos/mental-health.html
https://www.rand.org/health-care/surveys_tools/mos/mental-health.html
https://www.ncbi.nlm.nih.gov/books/NBK570608/
https://www.ncbi.nlm.nih.gov/books/NBK570608/

	COVID-19 and long-term impact on symptoms and Health-Related Quality of Life in Costa Rica: the RESPIRA cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key message
	Introduction
	Materials and methods
	Study population: The RESPIRA cohort [23]
	Exclusion criteria
	Severity in cases
	Study outcomes
	Independent variables
	Statistical analysis
	Symptoms
	HRQoL items
	HRQoL scores
	Models
	Additional analysis
	Ethics and data

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


