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Abstract: Background and objective: Despite ongoing research on post-COVID syndrome, key gaps
remain, including short follow-up, absence of control groups, small sample sizes, and limited
representation of mild to moderate cases. We determined incidence and outcomes of post-COVID
syndrome over 12 months in a rural district of Kerala. Methods: Among 596 participants, 298 had
previous COVID-19 infection confirmed by RT-PCR or antigen test (exposure group) while remaining
had no evidence of COVID-19 (control group). Field workers collected data by direct interviews.
Study variables, including blood pressure, blood sugar, oxygen saturation and 6-minute walk
distance were recorded at 6-, 9- and 12-months following recruitment. Results: Incidence of post-
COVID syndrome was 91.9%. At 9 months, 12 (4.4%) exposure group participants required
readmission compared to 4 (1.6%) of the control cohort (p=0.05). At 9 months, 203 (68.1%) exposure
group participants reported at least one ongoing symptom. After 6 months, 28.1% participants in the
exposure cohort had 6 to 10 symptoms, while 0.7% participants experienced more than 10 symptoms.
The differences in 6-minute walk distance at 6, 9, and 12 months were statistically significant
(p=0.037), with nadir at 9 months. Mean systolic and diastolic BP were significantly higher in the
exposure than control group at 6 and 9 months. Conclusion:Post-COVID symptoms persisted after
one year, even in individuals with mild or moderate initial infections. Exercise tolerance and blood
pressure are also impaired in post-COVID patients compared to controls. This highlights the need
for long-term monitoring and care for those recovering from acute COVID-19.

Keywords: PCS; COVID-19; COVID-19 recovery; Long-term follow-up; Persistent symptoms; 6-
minute walk test

1. Introduction

The emergence of the novel coronavirus, SARS-CoV-2, in late 2019 precipitated an
unprecedented global pandemic, leading to a multitude of clinical presentations in affected
individuals. While substantial progress has been made in understanding the acute phase of COVID-
19, the attention is increasingly shifting towards the long-term consequences experienced by
survivors of the disease.

Post-COVID syndrome is a condition that affects some individuals who have recovered from
COVID-19, characterized by persistent symptoms that last for weeks or months after the acute illness
has resolved. According to a systematic review and meta-analysis, the prevalence of post-COVID
syndrome varies widely across studies, ranging from 4% to 80% of individuals who have recovered
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from COVID-19 [1]. The symptoms of post-COVID syndrome can be diverse and may include fatigue,
shortness of breath, chest pain, cough, palpitations, joint and muscle pain, headache, loss of taste or
smell, gastrointestinal symptoms, skin rashes, depression, anxiety, and cognitive impairment, among
others. [1,2]

Post-COVID syndrome lacks a universally accepted definition, leading to variability in
estimated prevalence and symptom duration [1]. The World Health Organization (WHO) defines
post-COVID syndrome (PCS) as the continuation or development of new symptoms 3 months after
the initial SARS-CoV-2 infection, with these symptoms lasting for at least 2 months with no other
explanation [2]. The National Institute for Health and Care Excellence (NICE) in the UK defines post-
COVID syndrome as signs and symptoms that develop during or following an infection consistent
with COVID-19, continue for more than 12 weeks and are not explained by an alternative diagnosis
[3]. It can also occur in people who were never hospitalized for their initial COVID-19 infection [4].

Extensive research is ongoing in this important area; however, several lacunae still exist. Short
follow up, lack of control group, small sample sizes and inadequate representation of mild to
moderate severity disease that comprises majority of post-COVID patients are major issues in
available literature.

In this study, we aim to shed light on the multifaceted nature of post-COVID-19 syndrome
including its true burden and trends over a one year follow up period.

2. Materials and Methods

2.1. Study Design, Setting and Data Sources

A prospective cohort study was conducted in Wayanad district, in the northeastern region of
Kerala state with two groups of participants - an exposure group and control group. Exposure group
participants were patients who have recovered from COVID-19 either as inpatients admitted to major
hospitals treating COVID-19 patients or outpatients, and non-hospitalized patients at the community
level. The scope of the study covered patients treated for COVID-19 in both public and private
hospitals, as well as those who were treated outside of the hospital settings in the community.

2.2. Study Population and Sampling Technique

The exposure group participants were selected randomly from COVID-19 positive patients who
were admitted at various COVID treatment centers in Wayanad and from outpatients and home-
isolated cases under the care areas of Wayanad district health and Dr. Moopen’s Medical College, a
tertiary care teaching hospital catering this district. A stratified random sampling proportionate to
population was employed to ensure representation of individuals of all taluks in Wayanad. The
control group participants were also selected randomly from persons admitted to hospitals without
a diagnosis of COVID-19 and outpatients with negative RT-PCR or antigen test as well as healthy
adults from field areas of district health department and Dr. Moopen’s Medical College using
stratified random sampling.

2.3. Sample Size

Since post COVID syndrome includes several symptoms and abnormalities, we used fatigue
which is the commonest feature reported in most studies. Considering that fatigue is likely to be
present in 15% of post COVID patients (based on several studies) compared to 7% in the general
population, assuming an alpha error of 5% and power of 80%, we calculated that 265 participants
would be needed in each group (total of 530). Considering the chances of drop out we recruited 322
participants in study group and 318 participants in control group. However, there was only less than
8% drop out in the whole study resulting in the final sample size of 596 participants.

2.4. Variables at Baseline from the Exposure Cohort
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We collected general demographic details, COVID-19 disease category at diagnosis, details of
admission, condition at the time of discharge (in hospitalized participants) and COVID-19
vaccination status. Data regarding comorbidities (diabetes, hypertension, chronic lung disease,
chronic heart disease, chronic kidney disease, chronic liver disease) were also collected.

2.5. Outcome Variables

Post-COVID syndrome was defined as per the most acceptable definition used currently -
symptoms developing during or after COVID-19 infection and lasting beyond 3 months (12 weeks)
from first symptom onset in the absence of an alternative etiology and lasting at least 2 months. Any
persistent or new symptoms, readmissions and death were determined to quantify post-COVID
syndrome and other outcomes.

2.6. Data Collection Procedure

Data was collected by direct interviews using EpiCollect5, in a predesigned format by trained
field workers using tablets. Study variables were collected along with measurement of blood pressure
(using digital BP apparatus), blood sugar (using glucometer) and oxygen saturation using pulse
oximeter (resting and after 6-minute walk test in those with normal resting saturation) by field
workers at 6-, 9- and 12-months following recruitment.

2.7. Ethical Considerations

Written informed consent was obtained from each participant. Confidentiality of data was
ensured, and all data linked to participant identity was coded and stored in password protected data
base accessible only to the principal investigator. Institute Ethics Committee approval was obtained
(Ref no: IEC/DMWIMS/Oct/2021-013) prior to study initiation.

2.8. Data Analysis

All data were entered in Epicollect5 app and analyzed using the SPSS 25 statistical software.
Continuous data were described as mean with standard deviation, minimum and maximum values.
Qualitative data were expressed as frequency and percentage. We calculated the incidence of post-
COVID syndrome using the standard definition. Categorical variables were compared using Chi-
square test and Fischer’s exact test. Mean values were compared using Repeated measures ANOVA
(RM ANOVA) between the exposure and control groups. Statistical significance was set at a two-
tailed p<0.05.

3. Results

A total of 596 participants were enrolled in the study, of which 298 belonged to the exposure
group and remaining to the control group. Details of enrolment of participants in the exposure and
control groups are shown in the flow diagram (figure 1).
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Figure 1. Flow chart showing details of enrolment of participants.

All 298 participants in the exposure group had COVID-19 infection confirmed by RT-PCR or
antigen test. 230 (77.2%) of these participants approached private facility for testing. 172 (57.7%) of
exposure cohort took home-care isolation, whereas remaining 126 participants required outpatient
or inpatient care. Only 11 (3.7%) participants of the exposure cohort were hospitalized. Median
duration of hospital stay was 6 days (range: 1 to 17 days) in these patients. Mean age of participants
in the exposure group was 39.6 (SD - 11.7) years and in the control group was 37.5 (SD - 12.3) years.
The general characteristics of the participants is summarized in table 1.

Table 1. Baseline characteristics of participants in the exposure (n —298) and control (n — 298) groups.

Categories Exposure Group Control Group
n (%) n (%)
Gender Male 98(32.9) 65(21.8)
Female 200(67.1) 233(78.2)
Vaccination status Vaccinated 292(98) 295(99)
Not vaccinated | 6(2) 3(1)
No. of vaccine doses |0 6(2) 3(1)
1 9(3.1) 8(2.7)
2 224(76.7) 176(59.7)
3 59(20.2) 111(37.6)



https://doi.org/10.20944/preprints202504.2162.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 April 2025 d0i:10.20944/preprints202504.2162.v1

5 of 13

Comorbidities Chronic Kidney |0 1(0.3)
disease
Chronic liver 2(0.7) 0
disease
Chronic Heart 5(1.7) 4(1.3)
disease
Hyperlipidemia |7(2.3) 3(1)
Chronic Lung 8(2.7) 3(1)
Disease
Thyroid 16(5.4) 7(2.3)
dysfunction
Diabetes 20(6.7) 14(4.7)
Hypertension 25(8.4) 21(7)
Any of the above | 69(23.2) 44(14.8)
comorbidities

Among the exposure group only 24 (8.1%) regained pre-COVID health status at 6 months. Of
the 298 participants in the exposure cohort, 274 (91.9%) had various symptoms (new or persistent) in
the first 6 months after acute COVID infection compared to 248 (83.2%) participants in the control
cohort (p = 0.001). As per definition, incidence of post-COVID syndrome was 91.9%.

Symptoms like depressed mood, memory problems, anxiety, hair loss and shortness of breath
were more prominent after 6 months of acute COVID infection compared to baseline. While
proportion of participants with various symptoms reduced over time from baseline to 12 months,
memory problems remained higher at end of 12 months (table 2).

Table 2. Prevalence of clinical manifestations over a period of 12 months in the exposure group (n=298).

Clinical features | Acute 6 months post 9 months post 12 months post
manifestation covid covid covid
n (%) n (%) n (%) n (%)
Depressed mood |5 (1.7) 10(3.4) 4(1.3) 0
Loss of smell 91 (30.5) 37(12.4) 1(0.3) 0
Loss of taste 98 (32.9) 41(13.8) 2(0.6) 3(1.0)
Anxiety 34 (11.4) 55(18.5) 24(8.1) 7(2.3)
Reduced sleep 79 (26.5) 71(23.8) 2(0.6) 13(4.4)
Memory problems | 17 (5.7) 74(24.8) 55(18.5) 24(8.1)
Headache 205 (68.8) 116(38.9) 72(24.2) 27(9.1)
Hair loss 46 (15.4) 141(47.3) 94(34.3) 36(12.1)
Cough 185 (62.1) 144(48.3) 55(18.5) 18(6.0)
Myalgia 230 (77.2) 151(50.7) 64(21.5) 28(9.4)
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Shortness of 116 (38.9) 158(53.0) 87(29.2) 56(18.8)
breath
Fatigue 237 (79.5) 200(67.11) 90(30.2) 65(21.8)

At 9 months, 12 (4.4%) of the exposure cohort required readmission for post-COVID related
problems compared to 4 (1.6%) of the control cohort (p = 0.05).

3.1. Persistence of at Least One Symptom at Follow Up

At 9 months of follow up, 203 (68.1%) exposure group participants had at least one ongoing
symptom whereas only 138 (46.3%) control group participants had any of these symptoms (p <0.001).
At 12 months of follow up, 138 (42.6%) exposure group participants had ongoing symptoms
compared to 78 (26.2%) control group participants (p <0.001); (table 3).

Table 3. Presence of at least one symptom over a period of 12 months of post-COVID in both groups

Follow-up period | Presence of at Exposure Group, | Control Group, N | P-value
least one N =298, =298,
symptom n (%) n (%)

6 months Yes 274(91.9) 248(83.2) 0.001
No 24(8.1) 50(16.8)

9 months Yes 203(68.1) 138(46.3) <0.001
No 95(31.9) 160(53.7)

12 months Yes 127(42.6) 78(26.2) <0.001
No 171(57.4) 220(73.8)

3.2. Number of Symptoms over a Period of 12 Months

After 6 months of acute COVID infection, 28.1% exposure cohort participants had 6 to 10
symptoms whereas it was 8.9% among control cohort. 0.7% of exposure cohort participants had more

than 10 symptoms. These differences in number of symptoms experienced by the exposure and

control cohorts remained significant even at 9 and 12 months of follow up (figure 2).
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Figure 2. Number of symptoms over a period of 12 months in the exposure cohort (n=298).

3.3. Effect of COVID 19 on Physical Activity, Blood Pressure, Blood Sugar and Oxygen Saturation

The 6-minute walk distance was 361.3 + 115.9 m in the exposure group and 380.4 £ 93.9 m in the
control group at 6 months follow up (p=0.03). This difference persisted between the groups at 9
months (338.7 £ 131.9 m vs 357.6 £ 100.1 m; p=0.05); however, at 12 months the walk distance was
similar in the two groups (p=0.98). The differences in 6-minute walk distance at different follow ups
(6, 9 and 12 months) was also statistically significant (p=0.037) with the nadir reduction of walk
distance coinciding with 9 months post infection (Tables 4 and 5).

Table 4. Comparison of mean differences in cardiometabolic parameters between exposure and control

reprints202504.2162.v1

cohorts.
Mean (SD) P-value of | P value of
RM- independent
Mean ANOVA t-test
Variables difference (95% | (between (between
Exposure | Control
group group CI gf'oups at groups)
different
follow ups)
361.3 0.03
6 months | (115.9) 380.4 (93.9) | -19.1 (-36.1, -2.1)
6-minute
walk 338.7 357.6 -18.9 (-37.7, - 0.063 0.05
distance 9 months | (131.9) (100.1) 0.01) '
(metres)
12 353.8 353.7 0.98
months | (122.8) (111.5) 0.16 (-18.7, 19.0)
6 months | 97.5 (1.8) 97.4(5.3) ]0.09(-0.5,0.7) 0.77
02 0.38
Saturation |2 months | 97.3 (6.2) 99.9 (52.9) |-2.7(-8.7,3.4) 0.641
(%) 12 0.12
months | 97.7 (6.5) 96.6 (9.6) |1.1(-0.3,2.4)
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6 months | 120.9 (48.9) | 117.6 (49.0) | 3.4 (-4.5,11.2) 04
Blood 0.17
Sugar 9 months | 116.6 (50.5) | 111.4 (40.3) | 5.2 (-22,125) | (106 :
(mg/dL) | 1o 120.01 0.08
months | 126.9 (51.9) | (44.4) 6.9 (-0.8, 14.8)
6 months | 123.7 (21.6) | 119.8 (20.2) | 3.9 (0.5, 7.2) 0.02
Systolic
Blood 9 months | 126.6 (59.7) | 117.1(209) [9.5(23,16.7) | 400 0.01
pressure .
(mmHg) 12 0.12
months | 122.7 (17.6) | 120.1 (21.4) | 2.5 (-0.6, 5.8)
6 months | 78.1 (16.0) |73.7(13.4) |4.4(2.1,6.8) <0.001
Diastolic
Blood 9 months | 77.1 (14.2) |73.7(147) |3.4(1.0,5.7) 0.001 0.005
Pressure .
(mmHg) 12 0.296
months | 75.17 (11.1) | 74.1 (13.9) | 1.1 (-0.9,3.1)

Table 5. Comparison of mean differences of cardiometabolic parameters over time in the exposure cohort (n =

298).
Mean (SD)
P-value of RM-
Variables
ANOVA
Exposure group
6 months 361.3 (115.9)
6-minute walk distance | 9 months 338.7 (131.9) 0.037
12 months 353.8 (122.8)
6 months 97.5 (1.8)
02 Saturation 9 months 97.3 (6.2) 0.637
12 months 97.7 (6.5)
6 months 120.9 (48.9)
Blood Sugar 9 months 116.6 (50.5) <0.001
12 months 126.9 (51.9)
Systolic Blood pressure | 6 months 123.7 (21.6) 0.381
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9 months 126.6 (59.7)

12 months 122.7 (17.6)

6 months 78.1 (16.0)
Diastolic Blood

9 months 77.1 (14.2) 0.005
Pressure

12 months 75.17 (11.1)

Mean systolic and diastolic BP were statistically significantly higher in the exposure group
compared to control group at both 6 and 9 months follow up, while the difference became
insignificant by 12 months (table 4). Comparison of cardiometabolic parameters in the exposure
group and control group, and trends within the exposure group over the period of 12 months is
depicted in tables 4 and 5 respectively.

4. Discussion

This prospective cohort study on the clinical manifestations, risk factors and outcomes of post-
COVID syndrome over 12 months in a rural district of Kerala identified that nearly 92% of those who
recovered from acute infection suffered from post-COVID syndrome. While fatigue remained the
most common post-COVID symptom, its frequency reduced over a period of 12 months from acute
infection. COVID resulted in considerable long term cardiorespiratory morbidity as evidenced by
statistically significant reductions in 6-minute walk distance and increases in systolic blood pressure.

Unlike other studies conducted in Kerala, this study followed up participants for a longer period
of 12 months [5,6]. Interestingly this helped identify that post-COVID symptoms persisted even after
one year of acute COVID infection. In our study 96.3% of study group were affected with mild or
moderate acute COVID infection (may be because of the omicron wave). However, the study is
relevant in the sense that even though the COVID infection was mild or moderate, post COVID
morbidity appears to last for months. Incidence of some of the symptoms after 6 months, 9 months
and 12 months following acute COVID infection is a significant finding. 91.9% of exposure group
patients had at least one symptom 6 months post COVID compared to controls. Among the exposure
group patients, 68.1% had persistence of at least one symptom after 9 months, and 42.6% had ongoing
symptoms even after 12 months.

Like many other studies, prominence of neurological symptoms was seen in this study too, but
interestingly, the prevalence increased after 6 months post infection. One study on patients with
asymptomatic/mild forms of COVID-19, suggested a possible autoimmune component and
association with brain damage [7]. Loss of smell and taste was noted in more than 10% of post-
COVID patients even after 6 months of infection and in lesser proportions after 9 months of infection.
Readmission percentage was low as majority of the patients suffered from mild or moderate COVID
infection.

A study conducted in Italy found that 87% of patients hospitalized with COVID-19 had at least
one persistent symptom two months after discharge [8]. Another study from the UK reported that
10% of patients with mild COVID-19 infection experienced symptoms lasting beyond 12 weeks [9],
while a study in the US found that 31% of outpatients with COVID-19 reported symptoms lasting
beyond six months [7]. However, in our study, a significant proportion of exposure group patients
reported persistence of more than 6 symptoms after 6 months of covid infection. After 9 months of
post covid, about 6% patients had 6 to 10 symptoms which affected their daily activities, while around
2.5% patients had 6 to 10 symptoms even after one year.
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Our study found interesting trajectory of cardiometabolic parameters in post-COVID patients.
At 6 months of follow up, the 6-minute walk distance was significantly lower among post-COVID
patients compared to controls. Moreover, this distance dropped further at 9 months while still
showing statistically significant difference with controls. Interestingly by 12 months, 6-minute walk
distance increased and was no longer different from controls. This indicates that the exercise
tolerance of post-COVID patients is reduced with maximum impairment at 9 months post infection
despite majority of the exposure group participants being mild to moderate disease not requiring
hospitalization. It must also be noted that there is also a trend towards recovery or improvement at
around one year. Longer follow up of these patients might provide insights as to whether there is
complete recovery or return to baseline exercise tolerance. The 6-minute walk distance has been used
in many conditions as a marker of disease severity and to monitor progression [10,11]. Its use in
COVID-19 and post-COVID syndrome has been limited despite its potential as a simple and effective
marker of severity of acute disease and progression of chronic effects. The 6-minute walking distance
at 6 months in post-COVID patients correlated positively with DLCO and negatively with the HRCT
severity score [12]. A prospective study on 85 patients from Taiwan who were discharged from
hospital after COVID-19 found that mean 6-minute walk distance was shorter in those with severe
pneumonia at 60 days, although it was not statistically different from those with mild disease and
non-severe pneumonia [13]. Gencer and colleagues reported an improvement in the 6-minute walk
distance among post-COVID patients followed up at 3 months compared to 1 month. However, this
study included only patients with dyspnea [14]. Some studies followed up patients for longer periods
of time to assess the respiratory functions including 6-minute walk test; however, they included only
patients who recovered from COVID pneumonia, limiting the generalizability to the large proportion
with mild disease [15]. Wong and colleagues also demonstrated a significant reduction in the 6-
minute walk distance among patients who recovered from severe COVID-19 compared to those with
mild disease [16], but unlike our study, there was no further follow up of these patients to determine
trends over time.

A similar trend was noted for changes in systolic and diastolic blood pressures as well. Post-
COVID patients had higher systolic and diastolic BP compared to controls at 6 and 9 months follow
up. The absolute mean differences between exposure and control groups in systolic BP were around
5 mmHg and 10 mmHg at 6 and 9 months respectively. Again, like the 6-minute walk test, the BP
returned to near baseline levels by 12 months with no significant difference with controls. Further,
despite such increases, the mean systolic BP and diastolic remained below 130 mmHg and 80 mmHg
respectively till the end of study. Therefore, the clinical significance of the elevations in BP among
post-COVID patients compared to controls remains elusive. A systematic review on cardiovascular
sequelae in post-COVID syndrome reported significantly higher risk for hypertension in these
individuals compared to unaffected persons with an Odds ratio of 1.65 (95% CI 1.55-1.77). However,
the absolute changes in blood pressures were not discussed in the meta-analysis [17]. Most studies
included in the review were retrospective or case control studies. The few prospective studies in the
review had follow up periods ranging between 3 to 6 months.

The major strength of this study is the inclusion of a control cohort which was also followed up
for same duration as the exposure group. Further, the large sample size and minimal loss to follow
up add considerable internal validity. To the best of our knowledge this is one of the very few studies
from India on post-COVID syndrome that compared exposure and control groups and obtained data
through direct interviews and regular follow ups for one year. Besides, majority of patients in the
exposure group were out-of-hospital, closely resembling real world COVID-19 situation, making our
results more generalizable [18].

While every effort was made to ensure the accuracy and reliability of findings, it is crucial to
acknowledge some limitations of this study. We did not employ any diagnostic testing to confirm the
COVID-19 status of control group participants, relying instead on self-reported symptoms and
medical history. This reliance on self-reporting introduces the possibility of misclassification and
underreporting of COVID-19 cases, potentially leading to an inaccurate representation of the
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infection status within the recruited control group. Consequently, the lack of laboratory-confirmed
testing may have impacted the precision of the study's outcomes, as undetected COVID-19 cases
among control group participants could have influenced the observed results. Future research should
consider incorporating rigorous diagnostic testing protocols to enhance the reliability of participant
recruitment and ensure a more accurate delineation of COVID-19 status among study participants.

5. Conclusions

This large, prospective study that followed up patients who recovered from acute COVID-19
identified significant post-COVID impairments that persist even after one year. The overall incidence
of post-COVID syndrome is very high and most patients tend to report reductions in the symptoms
and functional impairments by the end of one year. Longer follow up of these patients will provide
significant insights to the natural history of the condition and enable development of evidence-based
recommendations for screening, follow up and management of the various post-COVID
manifestations.
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