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Background In developing settings, comparative data on COVID hospitalised 
survivors (HS) and non-hospitalised survivors (NHS) is scarce. We determined 
burdens, incidence, evolution, and associated factors of long COVID-19 over 
two years among these groups.

Methods We conducted a longitudinal cohort study in Dhaka, Bangladesh, 
and recruited confirmed COVID-19 survivors from December 2020 to May 2021 
(previously reported). 346 survivors underwent in-person follow-ups at five, 
nine, 18 months and two years post-infection. The assessment included long 
COVID symptoms, cardiorespiratory function, neuropsychiatric conditions, 
quality of life, and laboratory tests. The outcomes included one or more symp-
toms and/or signs indicative of long COVID, aligning closely with the World 
Health Organization definition of post-COVID-19 condition.

Results Of the 346 participants, we included 326 in the analysis. 78% of HS 
(n/N = 171/219) and 62% of NHS (n/N = 55/89) reported at least one sequela symp-
tom. HS had higher odds of palpitations, headaches, dizziness, sleeping difficul-
ties, brain fog, muscle weakness, joint pain, hypertension, insulin requirement, 
poor quality of life, and prolonged corrected QT intervals on electrocardiogram 
compared to NHS at two years (95% confidence interval (CI)>1). Regarding evo-
lution, sequelae-symptoms, neurological outcomes, restrictive spirometry find-
ings, and electrocardiogram abnormalities remained unchanged, although psy-
chiatric sequelae, quality of life, and exercise capacity improved in both groups. 
Hospital readmission rates significantly increased (P < 0.05). The incidence rates 
of palpitations, cough, and hypertension were higher in HS compared to NHS 
(95% CI>1). Two or more vaccine doses decreased the risk of respiratory (adjust-
ed risk ratio (aRR) = 0.76; 95% CI = 0.63–0.91) and psychiatric sequelae (aRR = 0.78; 
95% CI = 0.66–0.92) than one or no doses.

Conclusions COVID-19 survivors, particularly HS, experienced a higher bur-
den of persistent symptoms and health issues two years after infection. How-
ever, vaccination significantly reduced the risk of respiratory and psychiatric 
outcomes. These findings highlight the importance of ongoing vaccination 
programs and the need for targeted rehabilitation services in low-resource 
settings.

© 2025 The Author(s)

Post-COVID syndrome, or long COVID, refers to the long-term health con-
sequences of COVID-19 that can persist for months or even years after 
recovering from the acute infection [1,2]. Despite a significant decline in 
COVID-19 cases and the disease no longer being a global health emer-
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gency, new cases are still being reported. Between 4–31 March 2024, 98 countries reported COVID-
19 cases, and 39 countries reported deaths. Thus, long COVID has emerged as a substantial public 
health issue, necessitating a comprehensive and patient-centred approach.
A recent study demonstrated that in 12.7% of patients, long COVID symptoms can be attributed 
to COVID-19 [3]. Thus, there would be more than 100 million cases of long COVID among the 775 
million documented COVID-19 cases as of May 2023 (World Health Organization (WHO) report). 
The actual number is likely much higher due to a lack of documentation, particularly in low- and 
middle-income countries (LMICs). Long COVID is a multisystem condition that can profoundly 
affect individuals’ health and well-being [4,5]. However, as long as COVID can evolve, it is imper-
ative to gain a better understanding of long-term clinical outcomes to design future interven-
tion studies aimed at preventing or alleviating the suffering of such patients. Most studies have 
reported the evolution of symptoms from three to 12 months [6–13].
A recent longitudinal study revealed that even after two years, 55% of participants continued to 
experience at least one symptom, although a notable improvement trend was observed from six 
months onwards. However, the study focused on hospitalised participants, making it challenging 
to extrapolate findings to non-hospitalised patients [14]. Some other studies have also provided 
long-term follow-up data extending up to two years. However, these studies were constrained by 
their cross-sectional or retrospective design, reliance on phone interviews, lack of comprehensive 
in-person follow-ups, physical examination, and investigations, and inclusion of only hospital-
ised patients or a subgroup experiencing lingering symptoms [15–17]. No studies with long-term 
follow-up have directly compared outcomes between hospitalised and non-hospitalised individu-
als. Furthermore, most studies have been conducted in developed countries, resulting in a dearth 
of data from densely populated LMICs where individuals may have been badly affected by long-
term COVID-19. Therefore, there is an urgent need for longitudinal studies comparing outcomes 
between hospitalised survivors (HS) and non-hospitalised survivors (NHS) to enhance our under-
standing of long COVID, particularly in LMICs.
We sought to determine the burden of symptoms, as well as clinical and laboratory outcomes, in 
HS and NHS between five months to two years after acute COVID-19, aiming to capture the ongo-
ing evolution of long COVID in LMICs. We reported the incidence of long COVID outcomes and 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) specific antibodies at two years 
and analysed the association between sociodemographic characteristics and the impact of hos-
pitalisation on long COVID.

METHODS

Study design
We carried out a prospective, longitudinal study in Dhaka, Bangladesh. The participants were 
COVID-19 survivors (aged >18 years) who visited the study hospitals with or without the hospitali-
sation requirement. Eligibility criteria and methods have been described previously [18]. In brief, 
we included in the study COVID-19 HS who demonstrated significant symptom improvement for 
three consecutive days leading to their discharge, as well as NHS who showed significant symp-
tom improvement for three consecutive days and completed the isolation period of at least 10 
days. We excluded participants with pre-existing mental illnesses or those residing outside the 
Dhaka district. We conducted in-person follow-ups after one month (baseline), three months, and 
five months of recovery from acute COVID-19, and the findings have been described previously. 
We screened a total of 1981 confirmed COVID-19 cases listed in the registry of the study hospitals 
between 15 December 2020 and 30 May 2021. Of these, we invited 622 survivors to participate, and 
362 were enrolled after obtaining written informed consent. Of the 362 enrolled cases, 346 com-
pleted the five-month follow-up and were subsequently invited to continue follow-ups at nine and 
18 months, and two years. Ethical approval was obtained from the institutional review boards of 
the study sites at the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b,) 
and Bangabandhu Sheikh Mujib Medical University Hospital (BSMMU).
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Follow-up procedures
Participants visited the follow-up clinics at Dhaka Hospital of icddr,b, and BSMMU for face-to-
face interviews (Methods S1 in the Online Supplementary Document). At each visit, study cli-
nicians conducted detailed interviews and physical examinations, including objective assess-
ments of smell, taste, and muscle strength, as well as laboratory tests. To assess cardiorespiratory 
function, we used a six-minute walk test, modified Medical Research Council (mMRC) dyspnoea 
scale, and electrocardiogram (ECG) at all visits. An echocardiogram was performed on HS at the 
five and 24-month time points. Neuropsychiatric assessment tools included the UK screening 
test for peripheral neuropathy, the Mini-Mental State Examination for cognitive function, the 
Primary Care Post-Traumatic Stress Disorder (PTSD) Screen for PTSD, and the WHO Self-Reporting 
Questionnaire for identifying depression and anxiety-related disorders. Starting at nine months, 
we used the Patient Health Questionnaire-9 to evaluate depressive symptoms experienced over 
the previous 14 days [19].

We applied the Chalder Fatigue Scale (CFQ-11), an 11-item self-reported questionnaire, to measure 
the extent and severity of fatigue over the past month. A score ≥4 indicates severe fatigue (range 
zero to 11) [20]. The core research team consisted of expert clinicians specialised in infectious 
diseases, internal medicine, and cardiology. They convened weekly discussions/meetings on a 
virtual platform to discuss challenges, address individual medical needs, and recommend spe-
cific management as necessary. A psychiatrist assessed all participants with psychiatric symp-
toms. Counselling and treatment for psychiatric, cardiologic, and respiratory conditions were 
crucial elements of the study.

Lung function and serological tests
At each follow-up visit, we performed a lung function test using spirometry [18] and we collected 
blood and urine samples for a complete blood count, serum alanine transaminase, serum cre-
atinine, random blood glucose, and urine routine microscopy test. Additionally, to determine 
receptor-binding domain (RBD) specific immunoglobulin G (IgG) antibody concentrations at the 
two-year time point, we performed an enzyme-linked immunosorbent assay test that employed a 
monoclonal antibody, specifically targeting IgG against the spike RBD of SARS-CoV-2. We estab-
lished a threshold of 500 ng/mL anti-RBD specific IgG as the cutoff for seropositivity. To establish 
this cutoff, we utilised the upper limit of the SARS-CoV-2 IgG antibodies from a selection of 200 
randomly chosen pre-pandemic serum samples collected from various regions of Bangladesh [21].

Outcome measures
The outcomes comprised one or more symptoms and/or signs indicative of long COVID, align-
ing closely with the WHO definition of post-COVID-19 condition, as previously described [22]. 
These symptoms and/or signs included: 1) self-reported symptoms of COVID-19 (persistent symp-
toms lasting at least two months or relapsing symptoms), 2) neurological findings, 3) psychiatric 
sequelae (PTSD, depression, anxiety disorder, chronic fatigue, or cognitive impairment), 4) res-
piratory findings, 5) cardiovascular findings, 6) muscle weakness, 7) poor quality of life, and 8) 
new requirement for insulin for glycaemic control. Detailed outcome measures are presented in 
Methods S1 in the Online Supplementary Document.

Statistical analysis
We presented the sociodemographic characteristics, sequelae symptoms, and findings at five, 
nine, and 18 months, as well as two-year follow-ups as frequencies and medians (MDs) and inter-
quartile ranges (IQRs). We utilised a doubly robust propensity score matching method to balance 
the baseline characteristics between the HS and NHS groups. This was achieved using a 1:1 greedy 
nearest neighbour algorithm with a calliper width 0.2 [18].

To compare the sociodemographic and clinical characteristics between the groups, we applied χ2, 
Fisher exact, or Mann-Whitney U tests as applicable. To compare the relative risk of long COVID 
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or post-COVID syndrome occurrence in HS compared to NHS at all visits, we performed mul-
tivariable robust Poisson regression models with robust variance. We built individual models 
for each outcome, adjusting for all covariates (age, sex, body mass index (BMI), group, site, and 
comorbidity) in the propensity score matched cohort (Methods S1 in the Online Supplementary 
Document).

To assess the temporal trajectory of long COVID among survivors from five months to two years, 
we employed similarly adjusted generalised estimating equation (GEE) models. To capture the 
evolution of outcomes between hospitalised and non-hospitalised groups, we included an inter-
action term between groups and time. We calculated the incidence rate (occurrence of new 
sequelae symptoms or physical and laboratory outcomes from five months to two years and the 
rate per 1000 person-years) among survivors. We applied Poisson regression models with robust 
variance to compare the incidence rates between the cohorts while adjusting for age, sex, BMI, 
site, and comorbidity. We used GEE models to identify risk factors for sequelae symptoms, res-
piratory, cardiovascular, neurological, psychiatric outcomes, and chronic fatigue at the two-year 
time point. The models included age, sex, group, diabetes, cigarette smoking, site, occupation, 
and COVID-19 vaccination status to determine predictors of long COVID among survivors. All 
hypothesis tests were two-sided, with statistical significance set at a P-value <0.05. The statistical 
analyses were carried out using Stata, version 15.0 (StataCorp LLC, College Station, Texas, USA).

RESULTS
Of the 346 participants who completed five-month visits, 14 (4%) were lost to follow-up, four (1%) 
died, and 20 (6%) developed reinfection with COVID-19. Thus, we included in the analysis 326 par-
ticipants. Of 326 participants, 313 (96%), 312 (96%), and 308 (95%) survivors completed follow-ups 
at nine months, 18 months, and two years, respectively (Figure S1 in the Online Supplementary 
Document). The follow-up period was from April 2021 to June 2023. Adequate propensity score 
matching was achieved, with standardised mean differences of <10% for all baseline character-
istics (Table S1 in the Online Supplementary Document).
Of the 326 survivors, the MD age was 50 years (IQR = 39–60). HS were significantly older than 
the NHS. 62% of 326 participants were male. 68% (n/N = 223/326) reported at least one comorbid-
ity, with the most common being hypertension (50%) and diabetes (37%). MD RBD-specific IgG 
concentrations at the two-year time point were 9504 (IQR = 5962–31 375). 93% (n/N = 304/326) of 
survivors received two or more doses of COVID-19 vaccination. The MD duration from COVID-
19 diagnosis (positive reverse transcription-polymerase chain reaction) to the first dose of vac-
cine was 109 days (IQR = 60–196). The MD follow-up period after symptom onset was 171 days 
(IQR = 165–178) at five months, 293 days (IQR = 289–301) at nine months, 566 days (IQR = 559–572) 
at 18 months, and 749 days (IQR = 741–757) at two years (Table 1).
78% of HS (n/N = 171/219) and 62% of NHS (n/N = 55/89) reported at least one sequela symp-
tom two years after acute COVID-19. Although the proportion of participants with any seque-
lae symptom decreased from 81% (n/N = 264/326) at five months to 73% at two years, it largely 
remained consistent for both groups, and the prevalence remained comparable between the 
groups at all time points. The multivariable robust Poisson regression models revealed that even 
at two year-visit, HS more often reported palpitation (adjusted risk ratio (aRR) = 2.83; 95% con-
fidence interval (CI) = 1.03–7.81), headache (aRR = 1.64; 95% CI = 1.13–2.37), dizziness (aRR = 2.52; 
95% CI = 1.47–4.31), sleeping difficulty (aRR = 1.42; 95% CI = 1.05–1.93), brain fog (aRR = 1.56; 
95% CI = 1.04–2.25), muscle weakness (aRR = 1.60; 95% CI = 1.14–2.25), and joint pain (aRR = 1.33; 
95% CI = 1.02–1.73) than the NHS. Regarding the evolution, most sequelae symptoms remained 
unchanged. However, in the NHS group, the proportion of participants with palpitations, diz-
ziness, and loss of appetite significantly decreased, and in the HS group, headache, and loss of 
appetite significantly decreased from five months to two years (Table 2; Table S2 in the Online 
Supplementary Document).
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The estimated risk of any neurological findings (aRR = 1.64; 95% CI = 1.07–2.51), particularly 
peripheral neuropathy (aRR = 1.48; 95% CI = 1.13–1.94), was higher among HS at five-month vis-
its compared to non-hospitalised groups. Although the evolution of any neurological findings, 
including peripheral neuropathy, remained unremarkable, the tremors significantly increased 
from five months to two years (3–8%) among HS (P = 0.003) and NHS (P = 0.031). The prevalence 
of psychiatric sequelae decreased significantly from 46% at five months to 45% at nine months, 
37% at 18 months, and 28% at two-year visits in both HS (P < 0.001) and NHS (P = 0.003). The prev-

Table 1. Baseline characteristics of hospitalised and non-hospitalised COVID-19 survivors in Dhaka, Bangladesh*

Characteristics Total (n = 326) Non-hospitalised (n = 95) Hospitalised (n = 231) P-value
Age in years, MD (IQR) 50.00 (39.00–60.00) 40.00 (32.00–51.00) 55.00 (43.00–62.00) <0.001
Male 203 (62) 55 (58) 148 (64) 0.296
Years of schooling
12 71 (22) 19 (20) 52 (23) 0.618
≤16 105 (32) 32 (34) 73 (32) 0.715
>16 150 (46) 44 (46) 106 (46) 0.944
Occupation
Employed 199 (61) 61 (64) 138 (60) 0.452
Unemployed 87 (27) 28 (29) 59 (26) 0.466
Retired 40 (12) 6 (6) 34 (15) 0.036
BMI in kg/m2, MD (IQR) 27.04 (24.13–29.88) 26.99 (24.06–30.33) 27.21 (24.15–29.78) 0.783
≥2 doses of COVID-19 vaccines 304 (93) 89 (94) 215 (93) 0.842
Duration from COVID-19 diagnosis to first dose of 
vaccine in days, MD (IQR) 109.00 (60.00–195.50) 114.00 (71.00–237.00) 107.00 (56.00–178.00) 0.052

BSMMU site 121 (37) 23 (24) 98 (42) 0.002
Cigarette smoking 48 (15) 19 (20) 29 (13) 0.085
At least one comorbidity 223 (68) 48 (51) 175 (76) <0.001
Hypertension 163 (50) 27 (28) 136 (59) <0.001
Ischemic heart disease 52 (16) 12 (13) 40 (17) 0.294
Chronic liver disease 8 (2) 1 (1) 7 (3) 0.269
Diabetes 122 (37) 19 (20) 103 (45) <0.001
Hypothyroidism 32 (10) 9 (9) 23 (10) 0.894
Chronic kidney disease 18 (6) 3 (3) 15 (6) 0.231
Immunocompromised conditions 11 (3) 3 (3) 8 (3) 0.595
Stroke 16 (5) 1 (1) 15 (6) 0.028
Duration in days from symptom onset to 5 months, 
MD (IQR) 171.00 (165.00–178.00) 172.00 (167.00–177.00) 170.00 (164.00–179.00) 0.373

Duration in days from symptom onset to 9 months, 
MD (IQR) 293.00 (289.00–301.00) 295.00 (291.00–303.00) 292.00 (287.00–300.00) 0.032

Duration in days from symptom onset to 18 months, 
MD (IQR) 566.00 (559.00–572.00) 568.00 

(562.00–573.00)
564.00 

(558.00–571.00) 0.012

Duration in days from symptom onset to 2 years, MD 
(IQR) 749.00 (741.00–757.00) 751.00 (746.00–756.00) 746.00 (740.00–758.00) 0.028

Diagnosis during acute COVID-19
Mild 80 (25) 80 (84) 0 (0) <0.001
Moderate 89 (27) 15 (16) 74 (32) 0.003
Severe 71 (22) 0 (0) 71 (31) <0.001
Critical 86 (26) 0 (0) 86 (37) <0.001
Number of family members affected by COVID-19, 
MD (IQR) 2 (1–3) 2 (1–3) 2 (1–3) 0.260

Lost a family member due to COVID-19 58 (18) 14 (15) 44 (19) 0.355
Treatment during acute COVID-19
Antibiotics 309 (95) 84 (88) 225 (97) 0.001
Antivirals 199 (61) 70 (74) 129 (56) 0.003

RBD-specific IgG concentrations in ng/ml, MD (IQR) 9503.80 
(5962.11–31 374.76)

9222.99 
(7480.78–25 155.30)

9506.67 
(2615.66–33 613.74) 0.455

RBD-specific IgG>500 ng/ml, n/N 308/309 (99.7) 89/89 (100) 219/220 (99.5) 0.712
BMI – body mass index, BSMMU – Bangabandhu Sheikh Mujib Medical University, icddr,b – International Centre for Diarrhoeal Disease 
Research, Bangladesh, IgG – immunoglobulin G, IQR – interquartile range, MD – median, RBD – receptor binding domain
*Presented as n (%) unless specified otherwise.
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alence of chronic fatigue, as defined by a CFQ-11 bimodal score ≥4, was 47% (n/N = 146/313) at 
nine months, then gradually declined to 46% (n/N = 144/312) at 18 months and 35% (n/N = 109/308) 
at two years. However, the evolution of chronic fatigue was significant among HS (P = 0.004) but 
remained stable among NHS (P = 0.357). The risk of developing psychiatric sequelae was compa-
rable between the groups, except that the risk of PTSD was significantly less in HS than in NHS 
at the five-month visit (aRR = 0.47; 95% CI = 0.24–0.93). Regarding depressive symptoms as meas-
ured by pHQ9, HS more often had depressive symptoms than NHS at two years (aRR = 1.74; 95% 
CI = 1.08–2.81) (Table S3 in the Online Supplementary Document).

In HS, the prevalence of dyspnoea (mMRC≥2) gradually declined from 36% (n/N = 83/231) at five 
months to 25% (n/N = 53/212) at two years (P = 0.014), while in NHS, the proportion remained 
unchanged over time (27% (n/N = 26/95) at five months, and 21% (n/N = 18/85) at two years; 
P = 0.216). Although we observed a trend of a higher risk of dyspnoea in the HS, the risk became 
statistically significant at 18 months (aRR = 1.39; 95% CI = 1.07–1.81) compared to NHS. The risk of 
experiencing cardiovascular sequelae, particularly hypertension, was more often observed in HS 
at the nine-month (aRR = 1.64; 95% CI = 1.24–2.16), 18-month (aRR = 1.77; 95% CI = 1.27–2.47), and 
two years (aRR = 1.57; 95% CI = 1.12–2.19) compared to the NHS. Regarding time trend, the pro-
portion of tachycardia significantly declined in both groups, although the proportion of hyper-
tension and oedema remained stable over time.

Among pre-existing diabetic patients, HS were at higher risk of worsening glycaemic control and 
required insulin therapy compared to NHS at five-month (aRR = 4.77; 95% CI = 1.26–18.01), nine-
month (aRR = 2.42; 95% CI = 1.26–4.64), 18-month (aRR = 2.76; 95% CI = 1.30–5.85), and two-year 
time points (aRR = 1.96; 95% CI = 1.09–3.49). Although the quality of life improved significantly 
in both groups from five months to two years, HS was 1.5 times more likely to experience poor 
quality of life than NHS (aRR = 1.47; 95% CI = 1.10–1.96) at two years. COVID-19 survivors signif-
icantly increased the MD six-minute walk distance over time (P < 0.001), irrespective of groups. 
39% (n/N = 119/308) of participants received outpatient care within seven days of the two-year 
visit. The proportion of participants requiring hospitalisation during the study period increased 
significantly over time (NHS P = 0.007 and HS P < 0.001). The reasons for hospitalisation have been 
listed in Table S4 in the Online Supplementary Document.

At two years, 41% (n/N = 86/212) of HS and 34% (n/N = 29/85) of NHS were anaemic. The evolu-
tion of anaemia remained unremarkable throughout the study period among the entire cohort. 
Normal spirometry findings were 20% less often found among HS compared to NHS at the nine-
month (aRR = 0.82; 95% CI = 0.69–0.95) and 18-month (aRR = 0.79; 95% CI = 0.67–0.92) visits. The 
evolution of spirometry findings, including restrictive patterns, remained unchanged in both 
cohorts (Figure 1, Panel A–B, Table 3). The proportion of participants with at least one ECG 
abnormality did not evolve significantly over time, with 21% (n/N = 18/85) of NHS and 36% (n/N = 
 75/209) of HS showing one or more ECG abnormalities at two years. However, there was an 
increasing trend of bradycardia observed among HS participants from five months (3%, n/N = 
 7/226) to two years (9%, n/N = 19/209). Notably, the ECG findings of HS were more likely to reveal 
prolonged corrected QT intervals (QTc) than NHS at nine months (aRR = 1.93; 95% CI = 1.23–3.04), 
18 months (aRR = 1.83; 95% CI = 1.11–3.02), and two years (aRR = 1.83; 95% CI = 1.10–3.02). Of the 
127 HS who underwent an echocardiogram at five months, 109 underwent the test again at two 
years. The proportion of participants with at least one abnormal echocardiogram finding, par-
ticularly pulmonary hypertension and diastolic relaxation abnormality, declined significantly 
over time (Figure S2 in the Online Supplementary Document). The MD pulmonary arterial sys-
tolic pressure at two years was 22 mm Hg (IQR = 15–28), significantly lower than the pressure of 
32 mm Hg (IQR = 30–37) at five months.

The HS had a higher risk of developing new palpitation (aRR = 1.67; 95% CI = 1.01–2.80), and cough 
(aRR = 1.43; 95% CI = 1.03–1.99) than the NHS. The incidence rate of any cardiovascular dysfunc-
tion (aRR = 1.44; 95% CI = 1.03–2.02), including hypertension, was significantly higher in HS than 
in NHS. Among the entire cohort, the incidence of new-onset diabetes mellitus was 6.32 per 
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1000 person-years and was comparable between the groups (P = 0.840) (Table S5 in the Online 
Supplementary Document). After adjustment, the multivariable GEE models revealed that older 
age (>60 years) was independently associated with respiratory, cardiovascular, and neurologic 
outcomes compared to participants aged <40 years. Being female was an independent risk factor 
for respiratory (aRR = 1.56; 95% CI = 1.12–2.17), neurological (aRR = 1.73; 95% CI = 1.25–2.38), psychi-
atric outcomes (aRR = 2.25; 95% CI = 1.60–3.17), and chronic fatigue (aRR = 1.78; 95% CI = 1.23–2.58), 
compared to being male. The risk of developing respiratory and psychiatric outcomes was 24% 
(aRR = 0.76; 95% CI = 0.63–0.91) and 22% (aRR = 0.78; 95% CI = 0.66–0.92) lower among individuals 
who received two or more doses compared to those who were unvaccinated or received one dose 
of COVID-19 vaccine. Diabetes was associated with cardiovascular (aRR = 1.34; 95% CI = 1.02–1.74), 
and neurological outcomes (aRR = 1.31; 95% CI = 1.01–1.71), and cigarette smoking for psychiat-
ric outcomes (aRR = 1.56; 95% CI = 1.02–2.37) (Table S6 in the Online Supplementary Document).

DISCUSSION
To our knowledge, this is the longest comprehensive in-person follow-up study among hospital-
ised and non-hospitalised COVID-19 survivors in developing countries. We examined the tra-
jectories of symptoms, clinical, and laboratory outcomes two years after an acute COVID-19 
among survivors of the early waves of the pandemic (December 2020 to May 2021, representing 
the ancestral and alpha-beta waves) [23] who were not vaccinated during diagnosis.

We found a large proportion of survivors experienced a range of sequelae symptoms, and more 
than two-thirds of participants reported at least one sequela symptom after two years of COVID-
19. Although the evolution of long COVID symptoms varied with relapsing symptoms, at two 
years, HS more often reported palpitation, headache, dizziness, sleeping difficulty, brain fog, 
muscle weakness, and joint pain compared to NHS.

We observed an insignificant declining trend of at least one symptom from 81% at five months 
to 73% at two years; the burden is higher compared to the previously reported prevalence of 
55% after two years of COVID-19 [14]. However, most studies with two-year follow-ups were con-
ducted in high-income settings where in-person and telerehabilitation programs played vital 
roles in combating long COVID [24,25]. These findings highlight the need for comprehensive 
rehabilitation programs in low-resource settings as recommended by international guidelines 
[26,27]. However, the psychiatric sequelae, quality of life, and exercise capacity improved over 
two years, as shown in previous studies [14,28].

Earlier studies indicated a significantly higher risk of cardiovascular events in patients with 
COVID-19 compared with patients without COVID-19. A retrospective study of a 23 million pop-
ulation revealed that the risk of all cardiovascular outcomes was 66% higher among COVID-19 
patients one month after acute disease compared to non-COVID-19 controls [29]. Another retro-
spective study reported similar findings 12 months after COVID-19. The study also highlighted 
that cardiovascular outcomes were more pronounced among hospitalised than non-hospitalised 
survivors [30]. We found that from nine months onwards to two years, the prevalence of hyper-
tension and oedema is several times higher among HS compared to NHS. Even the risk of a new 
occurrence of palpitation and cardiovascular findings are 67% and 44% higher among HS com-
pared to NHS. Among ECG findings, the increasing trend of bradycardia and two times higher 
risk of having prolonged QTc in HS compared to NHS is a concern. Given the high reported bur-
den of cardiovascular complications among COVID-19 survivors, these findings highlight the 
need for regular monitoring and management of cardiovascular risk factors such as hyperten-
sion and arrhythmia to alleviate hazards of worse clinical outcomes. Previous follow-up studies 
reported an increased restrictive impairment in late convalescence. Although we did not per-
form diffusing capacity of the lungs for carbon monoxide, we found that restrictive spirometry 
findings did not improve even at two years, indicating that fibrotic abnormalities after recovery 
from COVID-19 may persist for years [14].
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Table 2. Prevalence and evolution of clinical outcomes among non-hospitalised and hospitalised COVID-19 survivors over time*

5-month visit 9-month visit 18-month visit 2-year visit P-value† P-value†
Outcome NHS 

(n = 95)
HS (n = 231) aRR (95% CI) NHS 

(n = 91)
HS (n = 222) aRR (95% CI) NHS 

(n = 91)
HS (n = 221) aRR (95% CI) NHS 

(n = 89)
HS (n = 219) aRR (95% CI) NHS 

(n = 95)
HS 

(n = 231)
Any symptom sequelae 71 (75) 193 (84) 1.07 (0.93–1.23) 76 (84) 200 (90) 1.05 (0.95–1.16) 72 (79) 185 (84) 1.06 (0.94–1.20) 55 (62) 171 (78) 1.16 (0.99–1.36) 0.222 0.330
Fatigue 42 (44) 122 (53) 1.11 (0.84–1.45) 40 (44) 132 (59) 1.30 (1.08–1.57) 44 (48) 116 (52) 1.07 (0.83–1.38) 26 (29) 92 (42) 1.25 (0.85–1.83) 0.219 0.067
Palpitation 16 (17) 47 (20) 1.02 (0.60–1.71) 14 (15) 34 (15) 1.01 (0.54–1.88) 10 (11) 34 (15) 1.14 (0.57–2.30) 4 (4) 31 (14) 2.83 (1.03–7.81) 0.020 0.129
Chest pain 7 (7) 31 (13) 1.56 (1.01–2.43) 15 (16) 39 (18) 1.04 (0.60–1.81) 8 (9) 28 (13) 1.15 (0.53–2.50) 7 (8) 20 (9) 1.0 (0.4–2.4) 0.730 0.073
Breathing difficulty 7 (7) 24 (10) 1.64 (1.04–2.57) 7 (8) 24 (11) 1.38 (0.63–3.06) 7 (8) 36 (16) 1.55 (0.68–3.55) 6 (7) 35 (16) 1.47 (0.62–3.51) 0.955 0.035
Cough 7 (7) 34 (15) 1.63 (1.07–2.48) 20 (22) 70 (32) 1.43 (1.09–1.87) 20 (22) 57 (26) 1.12 (0.70–1.79) 9 (10) 36 (16) 1.30 (0.64–2.67) 0.653 0.897
Headache 23 (24) 71 (31) 1.36 (1.05–1.75) 34 (37) 71 (32) 0.91 (0.64–1.30) 29 (32) 59 (27) 0.97 (0.64–1.47) 11 (12) 45 (21) 1.64 (1.13–2.37) 0.144 0.021
Dizziness 13 (14) 50 (22) 1.23 (0.67–2.29) 19 (21) 43 (19) 0.94 (0.58–1.53) 10 (11) 44 (20) 1.52 (1.06–2.19) 4 (4) 33 (15) 2.52 (1.47–4.31) 0.040 0.119
Sleeping difficulty 23 (24) 83 (36) 1.17 (0.78–1.76) 22 (24) 75 (34) 1.12 (0.74–1.71) 24 (26) 74 (33) 1.13 (0.76–1.68) 14 (16) 61 (28) 1.42 (1.05–1.93) 0.297 0.128
Brain fog 13 (14) 41 (18) 1.10 (0.60–2.02) 11 (12) 41 (18) 1.36 (0.72–2.55) 11 (12) 29 (13) 1.02 (0.50–2.10) 7 (8) 29 (13) 1.56 (1.04–2.25) 0.312 0.115
Loss of appetite 15 (16) 46 (20) 1.10 (0.64–1.91) 9 (10) 47 (21) 1.86 (1.28–2.71) 9 (10) 41 (19) 1.46 (0.70–3.01) 4 (4) 23 (11) 1.85 (0.68–5.09) 0.010 0.012
Body ache 19 (20) 56 (24) 1.12 (0.68–1.84) 24 (26) 61 (27) 1.01 (0.66–1.53) 26 (29) 63 (29) 0.99 (0.67–1.47) 15 (17) 43 (20) 1.05 (0.62–1.80) 0.803 0.263
Muscle weakness 13 (14) 45 (19) 1.18 (0.64–2.18) 13 (14) 53 (24) 1.62 (1.16–2.26) 22 (24) 64 (29) 1.07 (0.69–1.67) 11 (12) 58 (26) 1.60 (1.14–2.25) 0.728 0.101
Joint pain 21 (22) 85 (37) 1.54 (1.19–1.98) 34 (37) 94 (42) 1.09 (0.79–1.51) 21 (23) 93 (42) 1.61 (1.06–2.46) 20 (22) 89 (41) 1.33 (1.02–1.73) 0.581 0.651
Neurologic sequelae, n/N 19/94 (20) 93/224 (42) 1.64 (1.07–2.51) 19/86 (22) 80/211 (38) 1.39 (0.94–2.06) 27/87 (31) 85/210 (40) 1.18 (0.83–1.66) 26/83 (31) 93/206 (45) 1.30 (0.92–1.85) 0.132 0.682
Peripheral neuropathy 17 (18) 79 (35) 1.48 (1.13–1.94) 18 (21) 66 (31) 1.18 (0.77–1.82) 23 (26) 65 (31) 1.07 (0.72–1.58) 24 (29) 72 (35) 1.12 (0.75–1.68) 0.159 0.935
Anosmia 2 (2) 6 (3) 1.06 (0.26–4.34) 0 (0) 5 (2) NA 1 (1) 3 (1) 0.90 (0.10–8.11) 0 (0) 6 (3) NA 0.237 0.620
Absent/impaired taste 1 (1) 4 (2) 1.00 (0.96–1.03) 0 (0) 5 (2) NA 1 (1) 6 (3) 1.00 (0.91–1.09) 0 (0) 3 (1) NA 0.953 0.965
Tremor 1 (1) 9 (4) 1.83 (0.37–9.11) 0 (0) 11 (5) NA 3 (3) 18 (9) 2.09 (0.69–6.38) 5 (6) 21 (10) 1.05 (0.45–2.46) 0.031 0.003
Psychiatric sequelae 42 (44) 108 (47) 1.06 (0.81–1.39) 39 (43) 102 (46) 1.08 (0.80–1.45) 33 (36) 81 (37) 1.04 (0.74–1.46) 20 (22) 65 (30) 1.16 (0.71–1.91) 0.003 <0.001
Depression/anxiety 
disorder

38 (40) 101 (44) 1.09 (0.82–1.46) 33 (36) 94 (42) 1.11 (0.81–1.53) 31 (34) 74 (33) 0.96 (0.68–1.36) 17 (19) 54 (25) 1.11 (0.67–1.84) 0.014 <0.001

Posttraumatic stress 
disorder

14 (15) 16 (7) 0.47 (0.24–0.93) 4 (4) 11 (5) 1.04 (0.39–2.76) 0 (0) 4 (2) NA NA NA NA NA NA

Cognitive impairment 1 (1) 15 (6) 2.07 (0.27–15.86) 7 (8) 14 (6) 0.87 (0.27–2.76) 3 (3) 12 (5) 1.07 (0.34–3.40) 4 (4) 17 (8) 1.43 (0.52–3.94) 0.172 0.153
Chronic fatigue (chalder 
bimodal score ≥4)

NA NA NA 45 (49) 119 (54) 1.05 (0.80–1.38) 45 (49) 123 (56) 1.11 (0.82–1.50) 29 (33) 98 (45) 1.09 (0.76–1.58) 0.357 0.004

Physical fatigue (score Q1–Q7) NA NA NA 5.55 (1.79) 5.92 (1.99) NA 5.33 (1.65) 5.54 (1.74) NA 5.16 (1.26) 5.53 (1.37) NA 0.056 0.001
Psychological fatigue (score 
Q8–Q11)

NA NA NA 9.98 (3.17) 10.90 (3.75) NA 9.89 (3.07) 10.75 (3.68) NA 9.00 (2.51) 9.61 (2.95) NA 0.009 <0.001

Respiratory sequelae, n/N 29 (31) 104 (45) 1.30 (0.92–1.82) 29/87 (33) 87/219 (40) 1.12 (0.81–1.54) 23/88 (26) 78/218 (36) 1.28 (1.00–1.62) 21/85 (25) 61/212 (29) 1.10 (0.71–1.71) 0.265 0.001
mMRC grade ≥2 26 (27) 83 (36) 1.21 (0.83–1.77) 24 (28) 80 (36) 1.21 (0.84–1.73) 19 (22) 71 (33) 1.39 (1.07–1.81) 18 (21) 53 (25) 1.06 (0.64–1.75) 0.216 0.014
Bronchial/diminished 
breath sound

2 (2) 16 (7) 1.07 (0.27–4.31) 0 (0) 3 (1) NA 0 (0) 1 (0.5) NA 0 (0) 0 (0) NA 0.973 <0.001

Tachypnoea 5 (5) 20 (9) 1.17 (0.46–2.95) 12 (14) 16 (7) 0.51 (0.25–1.02) 9 (10) 20 (9) 0.98 (0.47–2.08) 6 (7) 13 (6) 0.87 (0.34–2.23) 0.908 0.409
Cardiovascular sequelae, 
n/N

29 (31) 90 (39) 1.10 (0.77–1.57) 23/87 (26) 99/219 (45) 1.29 (1.01–1.63) 15/88 (17) 69/218 (32) 1.54 (1.15–2.05) 16/85 (19) 80/212 (38) 1.38 (1.04–1.83) 0.044 0.255
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We observed a considerable burden of chronic 
fatigue, as measured by the CFQ 11 scale, persisting 
even after two years following acute COVID-19. This 
finding aligns with systematic reviews examining 
chronic fatigue within the first year post-COVID, 
which consistently underscore chronic fatigue as 
a prominent feature of long COVID. The trajectory 
of chronic fatigue among NHS corresponds with 
prior literature, which does not substantiate the 
influence of critical illness on fatigue outcomes 
[31,32]. We previously reported that 103 HS and 42 
NHS received psychiatric consultation and manage-
ment based on the findings of the one-month visit. 
Consequently, we found significantly fewer HS had 
PTSD at five months, underscoring the importance 
of targeted rehabilitation programs [18].

Previously we reported that the incidence rate of new 
DM was higher among HS from one to five months 
post-COVID-19 period compared to NHS. Over the 
course of two years, the incidence rate of DM became 
comparable between the groups. However, the poor 
glycaemic control and requirement of insulin ther-
apy remained consistently higher among HS than 
NHS. Our findings align with earlier studies indicat-
ing that COVID-19 is associated with a 66% increased 
risk of new diabetes mellitus and that patients with 
severe COVID-19 face a greater risk of metabolic dis-
turbances [33,34]. Thus, glucose dysregulation after 
COVID-19 may persist for two years, and vigilant 
monitoring of glucose dysregulation is warranted.

Among the risk factors for long COVID, older age and 
being female are well known [14,18]. However, the 
impact of vaccination merits distinct insinuation; as 
such, the vaccination reduces the risk of developing 
psychiatric and respiratory sequelae among partic-
ipants. A meta-analysis revealed that the impact of 
vaccination on long-term COVID symptoms was var-
iable among those who received vaccines after SARS-
CoV-2 infection. Approximately 20% reported symp-
tomatic improvement, 20% worsening symptoms, 
and 50% experienced no vaccine impact on long-
term COVID-19 symptoms. However, the included 
studies followed participants from two weeks to six 
months. Thus, our findings contribute to the body 
of evidence regarding the trajectory of long COVID 
following vaccination. It has been hypothesised that 
immune dysregulation and the persistence of viral 
antigens may be responsible for long COVID mani-
festations. Thus, vaccination may reset the dysreg-
ulated immune system. Additionally, the antibody 
response after vaccination may destroy residual 
viral reservoirs in the host [35,36].Ta
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Figure 1. Spirometry findings of hospitalised and non-hospitalised COVID-19 survivors over time. Panel 
A. Percentage of predicted values for spirometry parameters in COVID-19 survivors. Panel B. The propor-
tions of participants with spirometry parameters below the fifth percentile of the predicted values. *P < 0.05. 
FEV1 – forced expiratory volume in one second, FVC – forced vital capacity, FEV1/FVC – forced expiratory 
volume in one second/forced vital capacity ratio.

The strengths of the study include a comprehensive in-person follow-up of hospitalised and 
non-hospitalized COVID-19 survivors at five, nine, and 18 months and two years after acute 
illness. The inclusion of a range of symptom criteria [7] and physical examination findings, along 
with simple assessment tools and laboratory tests could support the development of a care bun-
dle for long COVID follow-up clinics, particularly in low-resource settings.

The limitations of the study included the absence of a control group, meaning the observed 
symptoms and findings may not be specific to COVID-19. Also, we did not include participants 
infected during the delta, and omicron-driven waves, thus limiting our results to the conse-
quences of the earlier waves consistent with the ancestral and alpha-beta variants. Recent data 
suggest that the long-term sequelae of these variants are less severe and shorter than those of 
the ancestral variant [37,38]. Third, like most long COVID studies, we used several self-reported 
symptom sequelae and scales to measure health outcomes, which might introduce recall bias. 
Finally, the study was conducted in urban settings of a developing country, which might limit 
its generalisability to rural or developed settings.
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Table 3. Laboratory outcomes in non-hospitalised and hospitalised survivors from five months to two years after COVID-19*

5-month visit 9-month visit 18-month visit 2-year visit P-value† P-value†
Outcomes NHS

(n = 95)
HS

(n = 231)
NHS
(n = 91)

HS
(n = 222)

NHS
(n = 91)

HS
(n = 221)

NHS
(n = 89)

HS
(n = 219)

NHS
(n = 95)

HS
(n = 231)

Anaemia, n/N‡ 39/88
(44)

99/224
(44)

35/87
(40)

95/218
(44)

32/88
(36)

85/218
(39)

29/85
(34)

86/212
(41)

0.224 0.283

White blood cell
(109/L), MD
(IQR)

7.81
(6.63–8.90)

7.74
(6.52–9.18)

7.76
(6.39–9.41)

8.15
(6.81–9.68)

7.42
(6.46–8.71)

7.90
(6.79–9.36)

7.61
(6.45–8.79)

7.64
(6.58–9.33)

0.104 0.644

NL ratio, MD
(IQR)

1.86
(1.39–2.28)

1.84
(1.39–2.38)

1.83
(1.44–2.48)

1.98
(1.52–2.53)

1.70
(1.39–2.45)

1.96
(1.49–2.51)

1.93
(1.54–2.54)

1.99
(1.54–2.69)

0.189 0.006

Platelet
(109/L), MD (IQR)

263.00
(214.50–306.00)

239.00
(199.00–289.50)

264.00
(223.00–306.00)

246.00
(195.00–306.00)

256.50
(202.50–302.50)

245.50
(200.00–303.00)

264.00
(214.00–300.00)

242.00
(185.00–308.50)

0.307 0.885

High creatinine in 
mmol/L, n/N§

4
(4)

27
(12)

4/87
(5)

24/217
(11)

8/88
(9)

30/218
(14)

6/85
(7)

24/212
(12)

0.375 0.771

High alanine aminotrans-
ferase in IU/L, n/N

20
(21)

52
(23)

15/87
(17)

48/218
(22)

20/88
(23)

41/217
(19)

21/85
(25)

36/212
(17)

0.327 0.205

Random blood glucose in 
mmol/L, MD (IQR)

6.00
(5.40–7.30)

7.30
(5.90–9.30)

6.50
(5.70–8.10)

7.50
(5.90–10.00)

6.45
(5.70–8.35)

7.45
(6.00–10.10)

5.80
(5.00–8.10)

7.10
(5.70–9.40)

0.454 0.810

Spirometry findings
Normal, n/N¶ 69/92 (75) 149/223 (67) 65/87 (75) 137/217 (63) 62/83 (75) 132/214 (62) 59/84 (70) 125/207 (60) 0.937 0.579
Restrictive 12 (13) 39 (17) 11 (13) 42 (19) 13 (16) 48 (22) 11 (13) 46 (22) 0.898 0.598
Obstructive 11 (12) 35 (16) 11 (13) 38 (18) 8 (10) 34 (16) 14 (17) 36 (17) 0.629 0.802
Proteinuria, n/N|| 6 (6) 30 (13) 6/87 (7) 19/216 (9) 2/86 (2) 24/217 (11) 4/85 (5) 23/212 (11) 0.367 0.528
ECG findings
Any abnormality in ECG, 
n/N

26/93
(28)

85/226
(38)

17/87
(20)

72/217
(33)

22/85
(26)

71/217
(33)

18/85
(21)

75/209
(36)

0.436 0.526

Sinus tachycardia 1 (1) 11 (5) 2 (2) 7 (3) 3 (4) 5 (2) 0 (0) 7 (3) 0.940 0.320
Sinus bradycardia 5 (5) 7 (3) 6 (7) 14 (6) 8 (9) 12 (6) 5 (6) 19 (9) 0.830 0.030
Ischemic changes 14 (15) 43 (19) 3 (3) 29 (13) 6 (7) 30 (14) 7 (8) 25 (12) 0.194 0.038
PR interval prolonged 2 (2) 10 (4) 1 (1) 7 (3) 3 (4) 10 (5) 1 (1) 9 (4) 0.867 0.901
PR interval short 0 (0) 2 (1) 1 (1) 3 (1) 1 (1) 0 (0) 1 (1) 1 (0.5) 0.413 0.436
Prolonged QTc** 7 (8) 28 (12) 6 (7) 33 (15) 5 (6) 28 (13) 5 (6) 26 (12) 0.489 0.786
Any echocardiogram  
findings, n/N††

NA 108/127 (85) NA NA NA NA NA 46/109 (42) NA <0.001

ECG – electrocardiogram, HS – hospitalised survivors, NA – not applicable, NHS – non-hospitalised survivors, NL ratio – neutrophil to lymphocyte ratio, PR interval – PR interval of ECG, QTc – 
corrected QT interval of ECG
*Presented as n (%) unless specified otherwise. Adjusted risk ratio (aRR) and (95% CI)>1. 
†Interaction between follow-up visit and group, indicating the trend of changing characteristics over time. P-value from the generalised estimating equation models adjusted for age, sex, body 
mass index, any comorbidity, site, and group (non-hospitalised/hospitalised).
‡Haemoglobin (g/dl)<13 for male, and <12 for female.
§High creatinine >106 mmol/L.
¶9-month aRR = 0.82 (95% CI = 0.69–0.95) and 18-month aRR = 0.79 (95% CI = 0.67–0.92).
||18-month aRR = 2.83 (95% CI = 1.35–5.93). One plus or more protein in the urine.
**9-month aRR = 1.93 (95% CI = 1.23–3.04), 18-month aRR = 1.83 (95% CI = 1.11–3.02), and two-year aRR = 1.83 (95% CI = 1.10–3.02).
††An echocardiogram was done only in the hospitalised cohort.
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CONCLUSIONS
COVID-19 survivors experienced a high burden of symptoms at two years, and HS more often 
had relapsing symptoms than NHS. The burden of hypertension, oedema, poor glycaemic control 
requiring insulin, and prolonged QTc intervals was higher among HS than NHS throughout the 
two years. Psychiatric sequelae, quality of life, and exercise capacity improved in both groups, 
while respiratory sequelae declined in HS and cardiovascular sequelae in NHS. Our findings 
underscore the need for rehabilitation facilities in low-resource settings to mitigate the conse-
quences of long COVID, particularly in elderly individuals and women. The evidence suggests that 
vaccination, even in infected individuals, could reduce the burden of long COVID. Our findings 
emphasize the need for continued vaccination programs and targeted rehabilitation services in 
low-resource settings.

Acknowledgements: icddr,b is grateful to the Governments of Bangladesh and Canada for providing unrestricted/in-
stitutional support.
Ethics statement: Ethical approval was obtained from the Institutional Review Board of icddr,b (PR-20128).
Data availability: FA and MZI had complete access to the dataset and bear the responsibility for data management 
and accuracy of the data analysis. The corresponding author (MJC) can be contacted to make a reasonable request for 
access to the dataset.
Funding: This publication was produced with the support of the United States Agency for International Development 
(USAID) under the terms of USAID’s Alliance for Combating TB in Bangladesh activity cooperative agreement number 
CA#72038820CA00002. Views expressed herein do not necessarily reflect the views of the USA Government or USAID.
Authorship contributions: TA, SMA, MJC, and FA conceived and designed the study. TA, SMA, CMA, MJC, FA, MMA, 
IP, and SA supervised the project administration. MZI, FA, MMA, and IP did data analysis. FA drafted the manuscript. 
CMA, BA, SB, MM, FQ, TRB, MS, ES, MFUR, AHK, and MNH reviewed the paper. TA and MJC critically revised and 
edited the paper. FA and MZI had full access to all study data. FI, MS, ES, MMA, and IP collected and verified the data. 
All authors agree to be responsible for the accuracy and integrity of the data and accept accountability for publication.
Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the 
corresponding author) and disclose no relevant interests.
Additional material
Online Supplementary Document

https://www.nice.org.uk/guidance/ng188
https://www.nice.org.uk/guidance/ng188
https://pubmed.ncbi.nlm.nih.gov/34951953
https://doi.org/10.1016/S1473-3099(21)00703-9
https://pubmed.ncbi.nlm.nih.gov/35934007
https://pubmed.ncbi.nlm.nih.gov/35934007
https://doi.org/10.1016/S0140-6736(22)01214-4
https://pubmed.ncbi.nlm.nih.gov/34580069
https://doi.org/10.1136/bmjgh-2021-005427
https://pubmed.ncbi.nlm.nih.gov/34036253
https://pubmed.ncbi.nlm.nih.gov/34036253
https://doi.org/10.1016/j.eclinm.2021.100899
https://pubmed.ncbi.nlm.nih.gov/33428867
https://doi.org/10.1016/S0140-6736(20)32656-8
https://pubmed.ncbi.nlm.nih.gov/37321233
https://doi.org/10.1016/S0140-6736(23)00810-3
https://pubmed.ncbi.nlm.nih.gov/34588274
https://doi.org/10.1136/thoraxjnl-2021-218064
https://doi.org/10.1136/thoraxjnl-2021-218064
https://jogh.org/documents/2025/jogh-15-04075-s001.pdf


Evolution of long COVID over two years.

PA
PE
R
S

www.jogh.org • doi: 10.7189/jogh.15.04075	 13	 2025  •  Vol. 15  •  04075

 9 Liu T, Wu D, Yan W, Wang X, Zhang X, Ma K, et al. Twelve-Month Systemic Consequences of Coronavirus 
Disease 2019 (COVID-19) in Patients Discharged From Hospital: A Prospective Cohort Study in Wuhan, China. 
Clin Infect Dis. 2022;74:1953–65. Medline:34390330 doi:10.1093/cid/ciab703

10 Seeßle J, Waterboer T, Hippchen T, Simon J, Kirchner M, Lim A, et al. Persistent Symptoms in Adult Patients 
1 Year After Coronavirus Disease 2019 (COVID-19): A Prospective Cohort Study. Clin Infect Dis. 2022;74:1191–8. 
Medline:34223884 doi:10.1093/cid/ciab611

11 Wu X, Liu X, Zhou Y, Yu H, Li R, Zhan Q, et al. 3-month, 6-month, 9-month, and 12-month respiratory outcomes 
in patients following COVID-19-related hospitalisation: a prospective study. Lancet Respir Med. 2021;9:747–54. 
Medline:33964245 doi:10.1016/S2213-2600(21)00174-0

12 Wynberg E, van Willigen HDG, Dijkstra M, Boyd A, Kootstra NA, van den Aardweg JG, et al. Evolution of 
Coronavirus Disease 2019 (COVID-19) Symptoms During the First 12 Months After Illness Onset. Clin Infect Dis. 
2022;75:e482–90. Medline:34473245 doi:10.1093/cid/ciab759

13 Zhao Y, Yang C, An X, Xiong Y, Shang Y, He J, et al. Follow-up study on COVID-19 survivors one year after dis-
charge from hospital. Int J Infect Dis. 2021;112:173–82. Medline:34520845 doi:10.1016/j.ijid.2021.09.017

14 Huang L, Li X, Gu X, Zhang H, Ren L, Guo L, et al. Health outcomes in people 2 years after surviving hospi-
talisation with COVID-19: a longitudinal cohort study. Lancet Respir Med. 2022;10:863–76. Medline:35568052 
doi:10.1016/S2213-2600(22)00126-6

15 Wahlgren C, Forsberg G, Divanoglou A, Ostholm Balkhed A, Niward K, Berg S, et al. Two-year follow-up 
of patients with post-COVID-19 condition in Sweden: a prospective cohort study. Lancet Reg Health Eur. 
2023;28:100595. Medline:36855599 doi:10.1016/j.lanepe.2023.100595

16 da Silva NS, de Araujo NK, Dos Santos KA, de Souza KSC, de Araujo JNG, Cruz MS, et al. Post-Covid condition 
and clinic characteristics associated with SARS-CoV-2 infection: a 2-year follow-up to Brazilian cases. Sci Rep. 
2023;13:13973. Medline:37633999 doi:10.1038/s41598-023-40586-8

17 Taquet M, Sillett R, Zhu L, Mendel J, Camplisson I, Dercon Q, et al. Neurological and psychiatric risk trajecto-
ries after SARS-CoV-2 infection: an analysis of 2-year retrospective cohort studies including 1 284 437 patients. 
Lancet Psychiatry. 2022;9:815–27. Medline:35987197 doi:10.1016/S2215-0366(22)00260-7

18 Afroze F, Arafat SM, Ahmed CM, Alam B, Banu S, Islam MZ, et al. Features and risk factors of post-COVID-19 
syndrome: findings from a longitudinal study in Bangladesh. Lancet Reg Health Southeast Asia. 2023;11:100134. 
Medline:36575774 doi:10.1016/j.lansea.2022.100134

19 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern 
Med. 2001;16:606–13. Medline:11556941 doi:10.1046/j.1525-1497.2001.016009606.x

20 Cleare AJ, Reid S, Chalder T, Hotopf M, Wessely S. Chronic fatigue syndrome. BMJ Clin Evid. 2015;2015:1101. 
Medline:26415100

21 Bhuiyan TR, Akhtar M, Akter A, Khaton F, Rahman SIA, Ferdous J, et al. Seroprevalence of SARS-CoV-2 anti-
bodies in Bangladesh related to novel coronavirus infection. IJID Reg. 2022;2:198–203. Medline:35721426 
doi:10.1016/j.ijregi.2022.01.013

22 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:e102–7. Medline:34951953 doi:10.1016/S1473-3099(21)00703-9

23 Afroze F, Begum MN, Ahmed T, El Arifeen S, Rahman MZ, Rahman AE, et al. Clinical characterisation, treat-
ment outcomes, and case fatality risk of patients with different SARS-CoV-2 variants in Bangladesh. J Glob 
Health. 2024;14:05009. doi:10.7189/jogh.14.05009

24 Huang J, Fan Y, Zhao K, Yang C, Zhao Z, Chen Y, et al. Do patients with and survivors of COVID-19 benefit 
from telerehabilitation? A meta-analysis of randomized controlled trials. Front Public Health. 2022;10:954754. 
Medline:36249181 doi:10.3389/fpubh.2022.954754

25 Jimeno-Almazán A, Buendia-Romero A, Martinez-Cava A, Franco-Lopez F, Sanchez-Alcaraz BJ, Courel-Ibanez J, 
et al. Effects of a concurrent training, respiratory muscle exercise, and self-management recommendations on 
recovery from post-COVID-19 conditions: the RECOVE trial. J Appl Physiol. 2023;134:95–104. Medline:36476156 
doi:10.1152/japplphysiol.00489.2022

26 World Health Organization. Clinical management of COVID-19: Living guideline. Geneva, Switzerland: World 
Health Organization; 2022. Available: https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2022-1. 
Accessed: 17 February 2025.

27 National Institute for Health and Care Excellence. COVID-19 rapid guideline: managing the long-term effects 
of COVID-19 (NG188): Evidence review 5: interventions. London, UK: National Institute for Health and Care 
Excellence; 2020. Available: https://www.nice.org.uk/guidance/ng188. Accessed: 17 February 2025.

28 Wahlgren C, Forsberg G, Divanoglou A, Östholm Balkhed Å, Niward K, Berg S, et al. Two-year follow-up 
of patients with post-COVID-19 condition in Sweden: a prospective cohort study. Lancet Reg Health Eur. 
2023;28:100595. Medline:36855599 doi:10.1016/j.lanepe.2023.100595

R
EF
ER

EN
CE
S

https://pubmed.ncbi.nlm.nih.gov/34390330
https://doi.org/10.1093/cid/ciab703
https://pubmed.ncbi.nlm.nih.gov/34223884
https://pubmed.ncbi.nlm.nih.gov/34223884
https://doi.org/10.1093/cid/ciab611
https://pubmed.ncbi.nlm.nih.gov/33964245
https://pubmed.ncbi.nlm.nih.gov/33964245
https://doi.org/10.1016/S2213-2600(21)00174-0
https://pubmed.ncbi.nlm.nih.gov/34473245
https://doi.org/10.1093/cid/ciab759
https://pubmed.ncbi.nlm.nih.gov/34520845
https://doi.org/10.1016/j.ijid.2021.09.017
https://pubmed.ncbi.nlm.nih.gov/35568052
https://doi.org/10.1016/S2213-2600(22)00126-6
https://pubmed.ncbi.nlm.nih.gov/36855599
https://doi.org/10.1016/j.lanepe.2023.100595
https://pubmed.ncbi.nlm.nih.gov/37633999
https://doi.org/10.1038/s41598-023-40586-8
https://pubmed.ncbi.nlm.nih.gov/35987197
https://doi.org/10.1016/S2215-0366(22)00260-7
https://pubmed.ncbi.nlm.nih.gov/36575774
https://pubmed.ncbi.nlm.nih.gov/36575774
https://doi.org/10.1016/j.lansea.2022.100134
https://pubmed.ncbi.nlm.nih.gov/11556941
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://pubmed.ncbi.nlm.nih.gov/26415100
https://pubmed.ncbi.nlm.nih.gov/26415100
https://pubmed.ncbi.nlm.nih.gov/35721426
https://doi.org/10.1016/j.ijregi.2022.01.013
https://pubmed.ncbi.nlm.nih.gov/34951953
https://doi.org/10.1016/S1473-3099(21)00703-9
https://doi.org/10.7189/jogh.14.05009
https://pubmed.ncbi.nlm.nih.gov/36249181
https://pubmed.ncbi.nlm.nih.gov/36249181
https://doi.org/10.3389/fpubh.2022.954754
https://pubmed.ncbi.nlm.nih.gov/36476156
https://doi.org/10.1152/japplphysiol.00489.2022
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2022-1
https://www.nice.org.uk/guidance/ng188
https://pubmed.ncbi.nlm.nih.gov/36855599
https://doi.org/10.1016/j.lanepe.2023.100595


Afroze et al. 
PA
PE
R
S

2025  •  Vol. 15  •  04075	 14	 www.jogh.org • doi: 10.7189/jogh.15.04075

29 Koyama AK, Imperatore G, Rolka DB, Lundeen E, Rutkowski RE, Jackson SL, et al. Risk of Cardiovascular 
Disease After COVID-19 Diagnosis Among Adults With and Without Diabetes. J Am Heart Assoc. 2023;12:e029696. 
Medline:37382101 doi:10.1161/JAHA.123.029696

30 Wang W, Wang CY, Wang SI, Wei JC. Long-term cardiovascular outcomes in COVID-19 survivors among non-vac-
cinated population: A retrospective cohort study from the TriNetX US collaborative networks. EClinicalMedicine. 
2022;53:101619. Medline:35971425 doi:10.1016/j.eclinm.2022.101619

31 Poole-Wright K, Guennouni I, Sterry O, Evans RA, Gaughran F, Chalder T. Fatigue outcomes following COVID-
19: a systematic review and meta-analysis. BMJ Open. 2023;13:e063969. Medline:37185637 doi:10.1136/
bmjopen-2022-063969

32 Salari N, Khodayari Y, Hosseinian-Far A, Zarei H, Rasoulpoor S, Akbari H, et al. Global prevalence of chronic 
fatigue syndrome among long COVID-19 patients: A systematic review and meta-analysis. Biopsychosoc Med. 
2022;16:21. Medline:36274177 doi:10.1186/s13030-022-00250-5

33 Ssentongo P, Zhang Y, Witmer L, Chinchilli VM, Ba DM. Association of COVID-19 with diabetes: a systematic 
review and meta-analysis. Sci Rep. 2022;12:20191. Medline:36418912 doi:10.1038/s41598-022-24185-7

34 Zhang T, Mei Q, Zhang Z, Walline JH, Liu Y, Zhu H, et al. Risk for newly diagnosed diabetes after COVID-19: a 
systematic review and meta-analysis. BMC Med. 2022;20:444. Medline:36380329 doi:10.1186/s12916-022-02656-y

35 Drosos AA, Pelechas E, Voulgari PV. Long COVID from rheumatology perspective: a simple mimicker or pro-
moter of autoimmunity? Clin Rheumatol. 2022;41:957–8. Medline:35147823 doi:10.1007/s10067-022-06092-4

36 Gaebler C, Wang Z, Lorenzi JCC, Muecksch F, Finkin S, Tokuyama M, et al. Evolution of antibody immunity to 
SARS-CoV-2. Nature. 2021;591:639–44. Medline:33461210 doi:10.1038/s41586-021-03207-w

37 Fernández-de-Las-Peñas C, Cancela-Cilleruelo I, Rodríguez-Jiménez J, Gómez-Mayordomo V, Pellicer-Valero OJ, 
Martín-Guerrero JD, et al. Associated-Onset Symptoms and Post-COVID-19 Symptoms in Hospitalized COVID-19 
Survivors Infected with Wuhan, Alpha or Delta SARS-CoV-2 Variant. Pathogens. 2022;11:725. Medline:35889971 
doi:10.3390/pathogens11070725

38 Antonelli M, Pujol JC, Spector TD, Ourselin S, Steves CJ. Risk of long COVID associated with delta versus omi-
cron variants of SARS-CoV-2. Lancet. 2022;399:2263–4. Medline:35717982 doi:10.1016/S0140-6736(22)00941-2

R
EF
ER

EN
CE
S

https://pubmed.ncbi.nlm.nih.gov/37382101
https://pubmed.ncbi.nlm.nih.gov/37382101
https://doi.org/10.1161/JAHA.123.029696
https://pubmed.ncbi.nlm.nih.gov/35971425
https://doi.org/10.1016/j.eclinm.2022.101619
https://pubmed.ncbi.nlm.nih.gov/37185637
https://doi.org/10.1136/bmjopen-2022-063969
https://doi.org/10.1136/bmjopen-2022-063969
https://pubmed.ncbi.nlm.nih.gov/36274177
https://doi.org/10.1186/s13030-022-00250-5
https://pubmed.ncbi.nlm.nih.gov/36418912
https://doi.org/10.1038/s41598-022-24185-7
https://pubmed.ncbi.nlm.nih.gov/36380329
https://doi.org/10.1186/s12916-022-02656-y
https://pubmed.ncbi.nlm.nih.gov/35147823
https://doi.org/10.1007/s10067-022-06092-4
https://pubmed.ncbi.nlm.nih.gov/33461210
https://doi.org/10.1038/s41586-021-03207-w
https://pubmed.ncbi.nlm.nih.gov/35889971
https://doi.org/10.3390/pathogens11070725
https://pubmed.ncbi.nlm.nih.gov/35717982
https://doi.org/10.1016/S0140-6736(22)00941-2



