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1. Supplementary Methods 

Diagnosis of COVID-19  

Hospital protocol for the diagnosis of COVID-19 was based on clinical history, tomographic finding of 

ground glass suggestive of COVID-19 plus confirmation with reverse-transcriptase polymerase chain 

reaction (RT-PCR) for SARS-CoV-2 on Abbott m200RT (Abbott Laboratories, Chicago, Illinois, USA) 

established at the Central Laboratory Division of HCFMUSP.   

A confirmed case of COVID-19 was defined as a positive RT-PCR on swab, collected from nasopharyngeal 

and/or oropharyngeal samples, at admission with a minimum of 3 days of symptoms and, if negative, 

repeated after 48hours (1). 

As of mid-April 2020, chemiluminescent immunoassays on Liaison XL analyzer (DiaSorin S.p.A., 

Saluggia, Italy) to detect serum antibodies became available in our Institution and were performed for 

highly suspect cases with at least 2 RT-PCR negative samples after seven days of the onset of symptoms. 

or in subjects with high clinical suspicion for whom a RT-PCR test was not available up to the 10th day of 

symptom onset (2).  

If patients were admitted to the hospital as suspected COVID-19, but later had one or more negative RT-

PCR and were diagnosed with other causes of respiratory failure, an infectious disease specialist reviewed 

the case to rule out COVID-19. When that happened, patients were transferred to other buildings in the 

hospital complex. 

For this study, we included patients with confirmed COVID-19, defined as a positive RT-PCR or positive 

serologic test and clinical and tomographic findings compatible with COVID-19. 

 

Patient care during hospital stay 

Patient care was at the discretion of the ICU team, but the hospital developed institutional protocols 

specifically for COVID-19 patients, including the use of personal protective equipment, ventilatory 

management, thrombosis prophylaxis, oxygen support and use of antibiotics and corticosteroids. Specific 

drugs for treating COVID-19 were not recommended but could be used at the discretion of the attending 

physician. Dexamethasone was used for most patients after the publication of a clinical trial showing benefit 

in mid-June (3). 

 

Assessments 

Patients were invited to participate in the study by telephone by experienced research staff, followed by 

text messages when no answer was obtained after two telephone attempts. Those who accepted to 

participate were invited for in-person follow-up visits at six months when informed consent was obtained, 

and all study procedures were carried out. Invitations were made with the intent to evaluate patients within 

3 weeks of the six-month after hospitalization mark. However, patients who agreed to participate but were 

unavailable at that window had their appointments rescheduled and were evaluated later.  

In order to preserve the safety and social distancing of subjects and their relatives, all evaluations, except 

the radiological examinations, were conducted at one single sector at HCFMUSP, with each specialized 

team bringing a minimal number of researchers to work on site. Two separate facilities were used 

simultaneously for the multidisciplinary assessments of different subjects: one temporary outpatient center 

prepared to accommodate comfortably up to eight visits per day of subjects with a previous history of non-

severe COVID-19, and the clinical research center of the Instituto do Coração (InCor-HCFMUSP), which 

accommodated up to ten subjects with a history of severe COVID-19 to be evaluated at each day.  

During their visit, participants completed questionnaires, were submitted to physical examination and 

selected diagnostic tests, and provided blood samples. All study participants underwent four sets of 

interviews, with study coordinators, internal medicine specialists, psychiatrists, and specialists in 

rehabilitation.  

Research coordinators registered selected items from the baseline interview of the Brazilian Longitudinal 

Study of Adult Health (ELSA-BRAZIL)(4) regarding socio-demographic characteristics, occupational 

history, as well as lifestyle habits. 
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Sociodemographic variables 

Data collected included sociodemographic characteristics, occupational history, and lifestyle habits. 

Socioeconomic class was measured with a standardized questionnaire validated for the Brazilian population 

(5). This questionnaire assesses household assets, such as the number of bathrooms and automobiles in the 

household, access to public services, and educational level of the head of the family, to estimate the average 

family income per month. The classes are A (most affluent), B1, B2, C1, C2, D and E. For our analysis, we 

combined classes A, B1 and B2, which together comprise 36% of the population in the metropolitan area 

of Sao Paulo, and classes D and E, which together comprise 13% of the population. Class C corresponds to 

52% of the population, according to data from 2019 (5). We refer to them as “high”, “medium” or “low” 

socioeconomic position. 

Race was self-declared by participants, using the official Brazilian categories (white, mixed, black, Asian, 

indigenous).  

We also collected information on population density and per capita income for each participant's 

neighborhood. These were obtained from a survey carried out by the metropolitan subway company (6) 

that is representative of the population of the metropolitan region of São Paulo. We divided the population 

of each neighborhood by its area to compute the population density and gathered data on average per capita 

income as an indicator of the socioeconomic conditions of the neighborhood.  

Clinical assessments 

We collected data about the hospitalization, including need for ICU admission, development of acute renal 

failure using the KDIGO classification (7) , intubation and duration of hospitalization Patients underwent 

physical examination and we registered comorbidities with the Charlson comorbidity index (8). Post 

COVID-19-symptoms were obtained with standardized scales, when available, or by direct question and a 

yes/no answer, were obtained. Table 1S lists all the symptoms evaluated. In order to detect COVID-19-

related symptoms, we asked about the presence of the same symptoms before COVID-19, and report only 

symptoms that appeared or were significantly intensified after hospitalization for COVID-19.  

Dyspnea was assessed using the Medical Research Council (MRC) dyspnea scale ranging from 0 to 5 (9). 

We considered the MRC to be abnormal when it was equal or greater than 2, (walks slower than 

contemporaries on level ground because of breathlessness or have to stop for breath when walking at own 

pace).  

Functional status and fatigue were assessed with the Post-COVID-19 Functional Status (PCFS) Scale (10) 

and the Functional Assessment of Chronic Illness Therapy-Fatigue Scale (FACIT) (11), respectively. 

Values equal or above 2 in the PCFS and equal or below 39 in the FACIT scale were considered abnormal. 

Quality of life was measured with the EQ-5D scale (12) and we report the visual analog scale (VAS) 

component, ranging from 0 (worst possible health) to 100 (best possible health).  

Psychiatrists interviewed participants using structured instruments for the detection of common mental 

disorders and assessments of severity of anxiety and depression using the hospital anxiety and depression 

scale (HADS)(13). Scores greater than 8 in either domain were considered as clinically relevant.  Post-

traumatic stress disorder (PTSD) was measured with the PTSD Checklist (14), and values above 30 were 

considered abnormal. Insomnia was measured with the insomnia severity index(15) and was considered 

abnormal for scores greater than 8. Memory impairment was measured with the memory complaint scale, 

(16). Body pain, loss of smell and loss of taste were measured with VAS (17,18). Methods for evaluating 

other symptoms are detailed in Table 1S.  

A chest x-ray was obtained from all patients, and two thoracic radiologists independently classified it as 

normal or abnormal, with findings suggestive of COVID-19 related lesions, such as bilateral linear and 

reticular opacities (19). Patients completed a spirometry to assess lung function, performed according to 

Brazilian Thoracic Society standards (20). The forced vital capacity (FVC), as a percent of the predicted 

value, was the main variable of interest. Values below 80% of the predicted value were considered 

abnormal. Muscle strength was measured with the hand grip test (21) for both hands. Values below 25% 

percentile for age were considered abnormal. We measured oxygen saturation at rest by pulse oximetry and 

performed a 1-minute sit-to-stand test, while measuring pulse oximetry (22). Details of the instruments 

used are available in Table 1S. 
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Environmental variables 

To estimate the exposure to greenspace and air pollution, each participant´s residential address was 

georeferenced and a 300m buffer area around each address was created. We used satellite images of the 

São Paulo metropolitan area from 2020, obtained from the U.S. Geological Survey – Earth Explorer (23)  to 

classify and quantify the land covered by tree canopy. We used the 300m buffer for the tree canopy 

exposures according to the WHO recommendations, which corresponds to approximately 5 min walking 

distance along walkable roads or pathways (24). 

A fusion of the multispectral bands of 8 meters and the panchromatic of 2 meters of the CBERS 4A satellite 

image resulted in a scene with 2 infrared and 2 meters resolution.  The land cover classification was 

performed using the random forest algorithm (program QGIS2.18.11; Plugin Dtezaka). A detailed method 

of land cover classification is described elsewhere (25). Random forest (RF) is a robust learning classifier 

algorithm that is one of the most accurate methods of classifying land cover (adapted from(26). The 

following land cover classes were considered in this classification: tree canopy, grass, bare soil, cement 

floor, swimming pool, shade, roof (white, gray, dark, ceramic), asphalt, and river/lake (adapted from (26). 

For data analysis, the sum of tree canopies and grass was used as green space. 

Air pollution data for 2018 (most recent year available) was obtained from the Atmospheric Composition 

Analysis Group of the Washington University in St Louis(27). Ground-level fine particulate matter (PM2.5) 

was estimated using multiple satellite-based aerosol optical depth datasets combined with a chemical 

transport model, and subsequently calibrated to global ground-based observations using geographically 

weighted regression (28). Data were available as annual means (µg/m3) in a gridded format with each grid 

cell representing 0.01 × 0.01 degrees, equivalent to 1.1 km × 1.1 km at the equator. We converted the value 

of each grid cell into points assigned to the geometric center of each cell (centroids). We calculated the 

annual mean PM2.5 value in each 300m buffer area by averaging the values of each centroid contained 

within the buffer boundary. We used all composition PM2.5 to better reflect the exposure of our study 

population (29). 

 

Participants vs nonparticipants 

Comparisons between patients who participated in this study (n=749) and those who did not participate 

because they refused to participate, could not be contacted or had any other exclusion criteria (n=930) 

(Figure 1) are shown in Table 2S. While the two subgroups were comparable regarding demographic 

characteristics, participants had higher BMI, more previous hypertension, longer duration of 

hospitalization, higher proportion of individuals who required ICU and intubation during hospitalization.   
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Supplementary Tables 

Table 1S - Objective and subject symptoms and assessments performed during evaluation 

Symptom Instrument Abnormal Cut off 

Standardized scales for symptoms 

Fatigue Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT) 

Scale 11 Score ≤ 39 

Dyspnea Medical Research Council (MRC) dyspnea scale 9 Score ≥ 2 

Memory impairment Memory complaint scale (adapted for COVID-related complaint) 16 Score ≥7 

Depression Hospital Anxiety and Depression Scale 13 Score > 8 9 

Anxiety Hospital Anxiety and Depression Scale 13 Score > 8 9 

Post-traumatic stress PTSD Checklist (enquiring about COVID-related symptoms) 14 Score ≥ 30 10 

Insomnia Insomnia severity index 15 Score ≥ 811 

Loss of smell VAS 18 ≤ 80 

Loss of taste VAS 18 ≤ 80 

Muscle / joint pain VAS 17 Score ≥ 65 

Subjective symptoms 

Weakness Direct "yes-no" questioning Yes 

Gait impairment Direct "yes-no" questioning Yes 

Headache Direct "yes-no" questioning Yes 

Paresthesia Direct "yes-no" questioning Yes 

Dizziness Direct "yes-no" questioning Yes 

Loss of consciousness Direct "yes-no" questioning Yes 

Hearing loss Direct "yes-no" questioning Yes 

Tinnitus Direct "yes-no" questioning Yes 

Appetite loss Direct "yes-no" questioning Yes 

Constipation /abdominal pain Direct "yes-no" questioning Yes 

Diarrhea Direct "yes-no" questioning Yes 

Nausea / vomiting Direct "yes-no" questioning Yes 

Edema Direct "yes-no" questioning Yes 

Nocturia Direct "yes-no" questioning Yes 

Skin problems Direct "yes-no" questioning Yes 

Cough Direct "yes-no" questioning Yes 

Chest pain Direct "yes-no" questioning Yes 

Nasal obstruction Nasal obstruction symptom evaluation scale 29 Yes to any question 

Loss of concentration Direct "yes-no" questioning Yes 

General health status 

Quality of life  VAS from the EQ-5D12 not applicable 

Overall functional status Post-COVID-19 Functional Status Scale 10 Score ≥ 2 

Footnote: (VAS) Visual analog scale. References for the scales used are shown in the supplementary 

reference list 
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Table 2S - Comparison between participants and survivors who did not participate 

 

Participants  

(n=749) 

Non participants  

(n=930) p-value 

Age, mean ± SD, y 55 ± 14 56 ± 16 0·84 

Male 397 (53%) 476 (51%) 0·46 

Body Mass Index, median (IQR), kg/m2 31 (27·5-36·6) 28 (23·7-33·5) 0·003 

Hypertension   425 (57%) 466 (50%) 0·007 

Cardiovascular disease 136 (18%) 137 (15%) 0·059 

Diabetes 261 (35%) 301 (32%) 0·29 

Duration of symptoms, median (IQR), d 8 (6 -11) 8 (5-11) 0·44 

Duration of hospitalization, median (IQR), d 12 (7 - 23) 9 (6 - 16) < 0·001 

ICU stay  445 (59%) 394 (42%) < 0·001 

Need for intubation 305 (41%) 222 (24%) < 0·001 

Definition of abbreviations: SD: standard deviation; IQR: interquartile range; ICU: intensive care unit. 

Data are presented as counts (percentages), unless otherwise stated. P values were obtained with t-tests, 

Mann-Whitney test or chi square test, as applicable. 
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Table 3S - Prevalence of additional symptoms at follow up 

 

Symptom Prevalence 

Dizziness 264 (36%) 

Loss of concentration 208 (31%) 

Nocturia 176 (24%) 

Chest pain 143 (20%) 

Cough 139 (19%) 

Edema 129 (18%) 

Nasal obstruction 118 (16%) 

Paresthesia 116 (15%) 

Skin problems 113 (15%) 

Tinnitus 110 (15%) 

Hearing loss 106 (14%) 

Abdominal symptoms 101 (14%) 

Weakness 96 (13%) 

Appetite loss 91 (12%) 

Gait problems 83 (11%) 

Headache 80 (11%) 

Diarrhea 44 (6%) 

Loss of consciousness 27 (4%) 

Nausea / vomiting 24 (3%) 

 

Footnote. Data are presented as counts (percentages). Dizziness was missing for 11 participants; loss of 

concentration was missing for 79 participants; nocturia was missing for 19 participants; chest pain was 

missing for 23 participants; cough was missing for 14 participants; edema was missing for 18 

participants; nasal obstruction was missing for 20 participants; skin problems was missing for 11 

participants; tinnitus was missing for 12 participants; hearing loss was missing for 12 participants; 

abdominal symptoms was missing for 13 participants; appetite loss was missing for 10 participants; 

diarrhea was missing for 16 participants; loss of consciousness was missing for 18 participants; nausea / 

vomiting was missing for 13 participants. 
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Table 4S - Comparison of hospitalization characteristics of participants evaluated closer to the six-

month mark and participants evaluated later 

 

 Total (N=749) 

≤ 200 days 

(N=384) 

> 200 days 

(N=365) p value 

Age, years    0·76 

-17-39 114 (16%) 57 (15%) 57 (17%)  

- 40 - 59 304 (42%) 155 (42%) 149 (43%)  

- > 60 301 (42%) 161 (43%) 140 (41%)  

Sex (male) 397 (53%) 202 (53%) 195 (54%) 0·83 

Diabetes  261 (35%) 135 (35%) 126 (35%) 0·88 

Hypertension 425 (57%) 233 (61%) 192 (53%) 0·03 

Obesity 139 (19%) 67 (18%) 72 (20%) 0·45 

Race*    0·95 

- Black 102 (14%) 51 (13%) 51 (14%)  

- Mixed 273 (37%) 136 (37%) 137 (38%)  

- white 342 (47%) 176 (48%) 166 (46%)  

- Asian 10 (1%) 6 (2%) 4 (1%)  

- Indigenous 7 (1%) 4 (1%) 3 (1%)  

Education Level    0·32 

- Education < 4 years 265 (36%) 140 (37%) 125 (35%)  

- Education 4-8 years 142 (19%) 75 (20%) 67 (19%)  

- Education 8-12 years 202 (27%) 102 (27%) 100 (28%)  

- Education > 12 years 134 (18%) 64 (17%) 70 (19%)  

Socioeconomic position    0·77 

- A+B1+B2 (high)  196 (27%) 99 (26%) 97 (27%)  

- C1+ C2 (medium) 470 (64%) 244 (65%) 226 (63%)  

- D + E (low) 73 (10%) 34 (9%) 39 (11%)  

Charlson Score 3 (2, 4) 3 (2, 4) 3 (1, 4) 0·09 

Intubation 305 (41%) 157 (41%) 148 (41%) 0·94 

ICU admission 445 (60%) 224 (59%) 221 (61%) 0·55 

Acute renal failure 315 (42%) 177 (47%) 138 (39%) 0·03 

ICU LOS, median (IQR), d 10 (6, 18) 11 (6, 19) 9 (5, 16) 0·009 

Hospital LOS, median (IQR), d 12 (7, 23) 14 (8, 25) 11 (6, 21) 0·002 

Definition of abbreviations: ICU: intensive care unit; LOS: length of stay. Comparisons * The categories 

represent the Brazilian official race categories; Comparisons were made with Wilcoxon rank sum test, 

Fisher’s Exact Test or trend test for ordinal variables, as appropriate. 
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Table 5S - Comparison between symptoms in participants who were evaluated closer to the six-

month mark and participants evaluated later 

 

 Total (N=749) 

Return Within 200 

days (N=384) 

Return After 200 

days (N=365) p value 

FVC, % predicted 84 (74, 94) 84 (72, 93) 86 (77, 94) 0·05 

PCFS  1 (0, 2) 1 (0, 2) 1 (0, 2) 0·39 

Handgrip, kgf 19 (10, 28) 19(10, 27) 19 (11, 28) 0·43 

FACIT Score 42 (33, 47) 43 (34, 47) 41 (33, 47) 0·07 

Anxiety 177 (26%) 85 (22%) 92 (32%) 0·01 

Depression 146 (22%) 71 (19%) 75 (26%) 0·04 

Dyspnea 219 (30%) 98 (26%) 121 (34%) 0·02 

Fatigue 286 (38%) 135 (35%) 151 (42%) 0·10 

Memory impairment 239 (35%) 118 (32%) 121 (38.2%) 0·08 

Join/muscle Pain 299 (41%) 138 (37%) 161 (45%) 0·03 

Insomnia 242 (32%) 112 (29%) 130 (36%) 0·07 

PTSD 257 (35%) 141 (37%) 116 (33%) 0·28 

Loss of taste 161 (23%) 75 (21%) 86 (25%) 0·21 

Loss of smell 150 (21%) 60 (16%) 90 (25%) 0·002 

Number of symptoms 2 (1, 5) 2 (1, 5) 2 (1, 5) 0·58 

 

Definition of abbreviations: FVC: forced vital capacity; PCFS: post-COVID functional capacity; FACIT: 

Functional Assessment of Chronic Illness Therapy-Fatigue Scale; PTSD: Post-traumatic stress disorder. 

Comparisons were made with Wilcoxon rank sum test, Fisher’s Exact Test or trend test for ordinal 

variables, as appropriate. 
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Table 6S – Univariate regression estimates for sociodemographic, clinical and environmental 

factors associated with selected symptoms and scales in patients with Covid-19 at follow-up  

 

   Dyspnea  Fatigue  Functional Status  Anxiety/Depression  

 

 Estimate (95%CI) 
p-value 

Estimate (95%CI) 
p-value 

Estimate (95%CI) 
p-value 

Estimate (95%CI) 

p-

value 

Sex  female  - - -  -  - - 

male -0·47(-0·62 – -0·32) <0·001 4·88(3·53 – 6·23) <0·001 -0·40(-0·56 – -0·24) <0·001 -5·10 (-6·33 – -3·87) <0·001 

Age 0·00(-0·00 – 0·00) 0·18 0·00(-0·04 – 0·04 0·99 0·00(0·00 – 0·01) 0·002 -0·06(-0·10 – -0·01) 0·008 

Race  White - - - - - - - - 

Black 0·06(-0·17 – 0·30) 0·59 -0·78(-2·93 – 1·36) 0·47 0·08(-0·16 – 0·33) 0·49 0·40(-1·59 – 2·39) 0·69 

 Mixed 0·11(-0·06 – 0·28) 0·2 0·05(-1·49 – 1·60) 0·95 0·08(-0·09 – 0·26) 0·37 -0·09(-1·52 – 1·34) 0·90 

Asian 0·22(-0·45 – 0·91) 0·52 2·49(-3·62 – 8·60) 0·42 0·23(-0·47 – 0·93) 0·52 -1·85(-7·52 – 3·81) 0·52 

Indigenous -0·07(-0·88 – 0·74) 0·86 -0·49(-7·77 – 6·78) 0·89 -0·31(-1·15 – 0·52) 0·47 1·24(-5·50 – 7·99) 0·72 

Social 

Class 
A+B - - - - - - - - 

C 0·37(0·19 – 0·55) <0·001 -0·92(-2·53 – 0·69) 0·26 0·20(-0·37 – 2·60) 0·03 

1.11(-0.37 – 2.60) 

 0·14 

D-E 0·71(0·42 – 1·00) <0·001 -3·75(-6·35 – -1·14) 0·005 0·55(0·69 – 5·48) <0·001 3.08(0.69 – 5.48) 0·01 

Education < 4 years - - - - - - - - 

4 -8 years -0·07(-0·29 – 0·14) 0·52 -0·72(-2·70 – 1·25) 0·47 -0·09(-0·32 – 0·13) 0·41 0·48(-1·34 – 2·31) 0·60 

8-12 years -0·17(-0·37 – 0·02) 0·09 -0·27(-2·05 – 1·50) 0·76 -0·29(-0·50 – -0·09) 0·004 0·49(-1·15 – 2·13) 0·56 

>12years -0·23(-0·46 – -0·01) 0·04 0·89(-1·11 – 2·91) 0·38 -0·28(-0·51 – -0·05) 0·016 0·73(-1·13 – 2·60) 0·44 

Charlson score 0·06 (0·02 – 0·11) 0·002 -0·57(-0·96 – -0·17) 0·004 0·10 (0·05 – 0·14) <0·001 -0·20(-0·57 – 0·15) 0·26 

Body mass Index 0·01(0·00 – 0·02) 0·003 -0·10(-0·20 – -0·01) 0·02 0·00 (-0·00 – 0·01) 0·17 0·09(0·00 – 0·17) 0·03 

Smoking  0·11(-0·04 – 0·27) 0·16 -0·40(-1·84 – 1·03) 0·58 0·13 (-0·03 – 0·29) 0·11 0·16(-1·16 – 1·48) 0·81 

Intubation No - - - - - - - - 

Yes -0·06(-0·22 – 0·09) 0·41 1·20(-0·21 – 2·61) 0·09 0·11(-0·05 – 0·27) 0·18 -1·58(-2·88 – -0·27) 0·017 

Acute renal failure 0·07 (-0·24 – 0·40) 0·64 -1·19 (-4·08 – 1·69) 0·42 0·01 (-0·32 – 0·34) 0·94 -0·24 (-2·87 – 2·37) 0·85 

Duration of 

hospitalization 0·00 (-0·00 – 0·00) 0·69 -0·01(-0·05 – 0·01) 0·29 

0·00 (0·00 – 0·01) <0·001 -0·02 (-0·06 – 0·00) 0·12 

Air Pollution 0·13(0·00 – 0·25) 0·036 -0·94(-2·05 – 0·16) 0·09 0·104 (-0·02 – 0·23) 0·11 0·09 (-0·93 – 1·11) 0·86 

Greenspace -0·00(-0·00 – 0·00) 0·82 -0·00 (-0·04 – 0·04) 0·94 -0·00(-0·00 – 0·00) 0·53 -0·00(-0·04 – 0·04) 0·97 

Per capita income  -0·00 (-0·00 – 0·00) 0·02 -0·00 (-0·00 – 0·00) 0·10 -0·00 (-0·00 – 0·00) 0·13 -0·00 (-0·00 – 0·00) 0·33 

Population density -0·00 (-0·00 – 0·00) 0·85 0·00 (-0·00 – 0·01) 0·24 0·00 (-0·00 – 0·00) 0·46 0·00 (-0·00 – 0·00) 0·84 

 

Footnote: 95% IC: 95% confidence interval. We collapsed socioeconomic position categories A+B1+B2 

(high), C1+C2 (medium) and D+E (low) for the present analysis. Estimates are coefficients from the 

multilevel regression. P values obtained with a multilevel model.   
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Supplementary Figures 

 

Figure 1S –number of symptoms for each participant at follow up 

 

 

Footnote: histogram of the number of symptoms, out of the ten symptoms measures with standardized 

scales 
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