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Abstract:

BACKGROUND AND AIM: This study aims to explore the relationship between pulmonary func-
tion parameters, disease severity, and one-minute sit-to-stand test (1IMSTST) in patients recov-
ering from Coronavirus Disease 2019 (COVID-19) pneumonia at the one-year mark. We investi-
gated whether the 1MSTST could provide a feasible substitute for traditional pulmonary function
tests, especially during pandemic conditions.

METHODS: We conducted a retrospective cohort study at a state hospital, collecting data
from patients diagnosed with COVID-19 pneumonia from November 2020 to June 2021.
This included demographic, clinical, and laboratory data, as well as results from pulmonary
function tests and the TMSTST. Correlation analyses were used to assess the relationships
among these variables.

RESULTS: The study included 97 patients with a median age of 55. Pulmonary function tests
showed mean Forced Expiratory Volume in the first second (FEV,) and Forced Vital Capacity
(FVC) values of 2.4+0.8 L and 3.0+0.9 L, respectively. The median score for the TMSTST
was 11 (range: 10-13). Over half (52.6%) of the patients required oxygen therapy, and some
needed intensive care or mechanical ventilation. Positive correlations were found between
FEV,, FVC values, and 1MSTST performance (r=0.35, p<0.001; r=0.32, p=0.001, respec-
tively). Lower C-reactive protein (CRP) levels and a younger age were linked to better perfor-
mance on the TMSTST.

CONCLUSIONS: Improved pulmonary function parameters were found to correlate with en-
hanced performance in the TMSTST, underscoring its potential as an alternative assessment
tool for monitoring recovery from COVID-19. Additionally, lower CRP levels and a younger age
were linked to better IMSTST outcomes, highlighting the influence of inflammatory and age-
related factors. These findings could assist physicians in evaluating and monitoring patients
with post-COVID syndrome.
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Introduction

oronavirus Disease 2019 (COVID-19) emerged in

Wuhan, China, and quickly escalated into a global
pandemic. Initially, patient assessments relied on data
from the previous MERS-CoV (Middle East respiratory
syndrome coronavirus) pandemic. Although the num-
ber of new COVID-19 diagnoses has recently declined,
the pandemic continues to have a significant impact.
Some patients experience persistent symptoms and
long-term complications after the acute phase of the
infection or hospitalization, a condition known as long
COVID-19 syndrome."! The long-term assessment of
functional capacities in hospitalized COVID-19 pa-
tients is increasingly critical. Research indicates that
patients may experience pulmonary sequelae and
persistent impairment of respiratory function after
discharge.” Pulmonary function tests (PFT) and six-
minute walking test ((MWT) have proven useful for
evaluating these post-COVID-19 pulmonary sequelae.
Bl However, there are some challenges in applying the
PFT and 6MWT for assessing functional capacity dur-
ing the post-COVID-19 period. Ideally, a polymerase
chain reaction (PCR) test should be conducted be-
fore administering a PFT to prevent the re-infection
of other patients. Additionally, performing PCR and
PFT may be impractical in primary care settings. The
6MWT also poses operational challenges, such as the
requirement for a 30-meter lane, which is difficult to
secure during pandemic restrictions.

As an alternative to both PFT and 6MWT, one-minute
sit-to-stand test (IMSTST) is preferable because it does
not require a PCR test or a large area. There was a
strong correlation between the 6MWT and the 1STST in
patients with Chronic Obstructive Pulmonary Disease
(COPD)¥ and interstitial lung disease.® However, de-
spite its ease of performance, data on the correlation
between pulmonary function tests and the 1MSTST
during the post-COVID-19 period are limited. There
are few studies demonstrating the role of the IMSTS
in triaging and planning care for both mild and severe
COVID-19 patients.!*7)

In this context, our study aims to evaluate the correla-
tion between pulmonary function, disease severity, and
IMSTST among COVID-19 patients in the first year. We
believe the results of our study may offer a practical ap-
proach for evaluating patients in future pandemics.
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Materials and Methods

Study design and settings

We conducted a retrospective cohort study at a State
Hospital, which has operated as a pandemic hospital
since the outbreak began. Our research complied with the
Helsinki Declaration. The Tokat Gaziosmanpaga Univer-
sity Clinical Research Ethics Committee approved the
study protocol (Approval number: 83116987-584, Date:
22.09.2022).

Study population

During the outbreak, management strategies were fre-
quently updated and altered. Following Health Ministry
guidelines, any suspected case aged over 50 years or hav-
ing any comorbidity such as cardiopulmonary disease,
diabetes mellitus, hypertension, chronic renal disease,
immunosuppressive conditions, malignancy, or present-
ing with tachycardia (pulse>125/min), tachypnea (res-
piratory rate>22/min), hypotension (<90/60 mmHg), or
hypoxemia (Spo,<93%) was hospitalized (Health Min-
istry Board, 2020). We retrospectively enrolled patients
diagnosed with COVID-19 pneumonia at our center from
November 1, 2020, to June 1, 2021. The study included
all patients over 18 years old with COVID-19 confirmed
by PCR on nasopharyngeal swabs who were hospital-
ized at our hospital. Pregnant patients were excluded.
Out of 1,391 patients hospitalized with a diagnosis of
COVID-19, 1,138 tested positive for the virus via PCR
test. Among 895 patients with positive test results who
had complete data available, 97 patients who could be
reevaluated in the first year were included in this study.

Data collection

Data collected included hospitalization date, demo-
graphic information (age, gender), duration of hospital-
ization, hemogram, C-reactive protein (CRP), D-dimer,
troponin, and ferritin levels. Information was also
recorded on whether the patients received oxygen ther-
apy, non-invasive mechanical ventilation, invasive me-
chanical ventilation therapy during their hospitalization,
and whether they were transferred to the intensive care
unit or died during follow-up. Severity scores of thorax
Computed Tomography (CT) scans taken at the first ad-
mission of the patients were calculated.

The patients were re-evaluated and asked to perform a
one-minute sit-to-stand test and a pulmonary function
test in the first year after their discharge from the hos-
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pital. The degree of dyspnea was evaluated using the
Borg dyspnea scale before and after the one-minute
sit-to-stand test.

Definitions

The IMSTST is conducted using a standard-height,
armless chair. Participants are required to perform as
many sit-to-stand actions as they can within one minute,
without using their upper limbs. Each complete cycle
of standing up and sitting back down is counted as one
repetition, and the total number of repetitions within the
minute is recorded.® Dyspnea is assessed before and af-
ter the test using a modified Borg score.

In evaluating the severity of thoracic CT scans, each
of the five lobes receives a score ranging from 0 to 4.
The final score is the aggregate of the scores for each
lobe, with possible totals ranging from 0 (indicative of
regular CT scans) to 20.1

Data analysis and statistical methods

Data analysis was carried out using IBM Statistical
Package for the Social Sciences (SPSS) version 25.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics for
continuous parameters were presented as means and
standard deviations when normally distributed, and
as medians with interquartile ranges when distribu-
tions were not normal. Categorical variables were de-
scribed using numbers and percentages. The relation-
ships between continuous parameters was analyzed
using either Pearson or Spearman correlation methods,
depending on their distribution. A p-value of less than
0.05 was considered statistically significant.

Results

The study included 97 patients. The median age was
55 years (range: 45.5-63), and 37% of the participants
were female.

Laboratory parameters are shown in Table 1. The mean
forced expiratory volume in one second (FEV,) was 2.4
liters (£0.8), with the mean percentage of predicted
FEV, being 81.7% (+20.3%). The mean forced vital ca-
pacity (FVC) was 3.0 liters (+0.9), and the median per-
centage of predicted FVC values was 83% (70-91%).
The median FEV /FVC ratio was 81% (76-86%). Re-
garding the clinical status of the patients, the medi-

Table 1: Demographic, clinical, and laboratory findings of

patients with COVID-19

Variable All patients
(n=97)
Gender (female), n (%) 37 (38.1)
Age, years (median, IQR) 55 (45.5-63)
Radiological severity score 6 (5-8)
Oxygen therapy usage 51 (52.6)
NIMV usage 4(4.1)
IMV usage 1(1)
Pulmonary function test (1 year post-discharge)
FEV, (L) (mean+SD) 2.4+0.8
FEV, (%) (mean+SD) 81.7+20.3
FVC (L) (mean+SD) 310.9
FVC ( %) (median, IQR) 83 (70-91)
FEV,/FVC ratio (median, IQR) 81 (76-86)
Laboratory parameters
Hemoglobin (g/dL) (mean+SD) 13.5+1.8
Hematocrit (L/L) (mean+SD) 40.7+4.6
WBC count (cells/uL) (median, IQR) 6.2 (4.7-7.7)
Platelet count (102 cells /uL) (median, IQR) 209 (170-251)
Neutrophil count (cells/mm?®) (median, IQR) 4.4 (2.9-5.7)
Neutrophil (%) (median, IQR) 72 (65.4-77.7)
Lymphocyte count (cells/mm?) (median, IQR) 1.3 (1-1.7)
Lymphocyte (%) (median, IQR) 19.9 (14.6-26.1)
D-dimer (ng/mL) (median, IQR) 0.2 (0.1-0.4)
Troponin (ng/L) (median, IQR) 4.6 (2.4-8.8)

CRP (mg/L) (median, IQR)
Ferritin (ng/L) (median, IQR)

61.2 (20.6-93.2)

276.8 (104.5-626.8)

IQR: Interquartile range, NIMV: Noninvasive mechanical ventilation, IMV:
Invasive mechanical ventilation, FEV,: Forced Expiratory Volume in the first
second, FVC: Forced Vital Capacity, SD: Standard deviation, WBC: White blood

cell, CRP: C-reactive protein

an radiologic severity score for all participants was 6
(range 5-8), and the median score for the sit-to-stand

test was 11 (range: 10-13) (Table 1).

A significant majority of the patients, 52.6% (n=51), re-
quired oxygen therapy. A smaller subset, 4.1% (n=4), were
admitted to the Intensive Care Unit (ICU). Additionally,
the same percentage (4.1%, n=4) received noninvasive me-
chanical ventilation (NIMV) treatment, and 1% (n=1) un-
derwent invasive mechanical ventilation (IMV) (Table 1).

The sit-to-stand test scores were higher among male pa-
tients, averaging 12 (ranging from 10.2 to 14) compared
to 10 (ranging from 8 to 12.5) for females (p=0.005).
There was no significant difference in sit-to-stand test
scores based on the type of respiratory support received.
Correlation analysis revealed that FEV, and FVC values
were weakly but positively correlated with sit-to-stand
test scores (r=0.35, p<0.001; r=0.32, p=0.001, respective-
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Figure 1: Correlation between FEV, (Liters) and sit-to-stand test
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Figure 2: Correlation between FVC and sit-to-stand test
FVC: Forced Vital Capacity

ly) [Figs. 1, 2]. Higher levels of CRP and older age were to-stand test scores and gender, radiological severity
negatively correlated with sit-to-stand test performance score, other laboratory parameters, or additional pulmo-
[Figs. 3, 4]. No correlations were found between the sit- nary function test metrics (p>0.05) (Table 2).
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Figure 3: Correlation between CRP and sit-to-stand test
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Figure 4: Correlation between age and sit-to-stand test

Additionally, for patients with lower radiologic sever- between age and 1MSTS (r=-0.29, p=0.049). A positive
ity scores, there was a negative correlation between correlation was also noted between FEV, and IMSTS
CRP levels and the 1IMSTS scores (r=-0.3, p=0.03), and  scores (r=0.32, p=0.02) (Table 3).
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Table 2: Correlation between sit-to-stand test and other
parameters

r correlation p
coefficient
Radiological severity score -0.02 0.78
Age (years) -0.32 0.001
Laboratory parameters
WBC count (cells/pL) -0.008 0.93
Hemoglobin (g/dL) 0.10 0.30
Hematocrit (L/L) 0.10 0.32
Platelet 0.02 0.77
Neutrophil count (cells/mm?) -0.04 0.66
Neutrophil (%) -0.13 0.19
Lymphocyte count (cells/mm?) 0.19 0.06
Lymphocyte (%) 0.01 0.91
D-dimer (ng/mL) -0.10 0.33
Troponin (ng/L) -0.06 0.54
CRP (mg/L) -0.22 0.02
Ferritin (ng/L) 0.03 0.73
Pulmonary function test
FEV, (L) 0.35 <0.001
FEV, (%) 0.16 0.1
FVC (L) 0.32 0.001
FVC (%) 0.12 0.22
FEV,/FVC ratio 0.06 0.50

WBC: White blood cell, CRP: C-reactive protein, FEV,: Forced Expiratory
Volume in the first second, FVC: Forced Vital Capacity

Discussion

In our study conducted over one year, we explored the
relationship between pulmonary functions, disease se-
verity, and the IMSTST among COVID-19 patients. We
found that FEV, and FVC values were positively cor-
related with better performance on the sit-to-stand test.
This suggests that the sit-to-stand test could serve as an
alternative follow-up tool for patients with post-COVID
syndrome who are unable to perform spirometric ma-
neuvers, especially under pandemic conditions.

In our research examining the relationship between the
sit-to-stand test and pulmonary function tests in post-
COVID patients, we found a correlation similar to that
observed in the 6MWT studies for COPD and other re-
spiratory diseases.[*2 This underscores the potential of
functional performance tests to offer valuable insights
into respiratory health and functional capacity. Both the
6MWT and the IMSTST assess physical abilities; the
6MWT evaluates the distance walked over six minutes,
reflecting cardiovascular and muscular endurance,
while the IMSTST measures sit-to-stand transitions in
one minute, highlighting lower limb strength and mo-

Eurasian Journal of Pulmonology - Volume 26, Issue 2, May-August 2024

Table 3: Correlation analysis by radiological severity score

r correlation p
coefficient
Radiological severity score
<6
CRP -0.3 0.03
Age -0.36 0.08
FEV, 0.36 0.08
FvC 0.37 0.06
>6
CRP -0.23 0.1
Age -0.29 0.049
FEV, 0.32 0.02
FvC 0.23 0.11

CRP: C-reactive protein, FEV,: Forced Expiratory Volume in the first second,
FVC: Forced Vital Capacity

bility. These tests offer valuable insights into individ-
uals’ physical conditions and their capacity for daily
activities. During the COVID-19 era, their advantages
are particularly notable, including the ability to be con-
ducted in non-clinical settings, cost-effectiveness, being
radiation-free, and closely simulating real-world activ-
ities. Unlike more complex pulmonary function tests,
the 6MWT and 1MSTST provide practical and compre-
hensive evaluations, crucial during the pandemic to
minimize exposure and conserve resources.

Several studies have explored the connection between
pulmonary function tests and outcomes of COVID-19
infection. One study demonstrated that non-critically
ill patients showed no significant changes in pulmo-
nary function, as measured by PFTs, before and after
COVID-19 infection. However, this finding was nu-
anced by the suggestion that certain pre-existing lung
conditions, such as interstitial lung disease and cystic
fibrosis, might contribute to diminished lung function
following infection.® Another study highlighted that
a significant number of patients, including those with
initially mild symptoms, exhibited compromised pul-
monary function at a three-month follow-up. Notably,
patients with residual CT lesions displayed significant-
ly reduced pulmonary function.?

Consistent with these observations, our study demon-
strated a link between pulmonary function tests and
physical performance in individuals recovering from
COVID-19. We specifically identified a correlation be-
tween PFT metrics (mainly FEV, and FVC) and the
1IMSTST. These assessments provide valuable insights
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into respiratory health and functional ability. By eval-
uating physical performance, these tests offer a holistic
assessment critical in the current pandemic context. They
represent practical, cost-effective methods that reduce
exposure and conserve resources. Notably, our research
favored the 1IMSTST over traditional PFTs due to its
adaptability beyond clinical settings, cost-effectiveness,
lack of radiation, and its reflection of real-world activ-
ities. This choice aligns with the evolving needs of the
healthcare industry in the wake of COVID-19.

While other studies highlight the role of CT severity
scores in indicating disease severity and progression
in post-COVID-19 patients, our research did not find a
significant correlation between CT severity scores and
patients’ health status.*!! Instead, our findings suggest
CRP as a significant marker. This aligns with existing
literature linking systemic inflammation, age-related
changes, and physical capabilities.

Our findings also showed that better performance on
the IMSTST was associated with lower CRP levels and
younger age. CRP, an inflammation marker, typically
increases in response to infection or other health issues.
We found CRP correlated with functional parameters
in COVID-19 patients both during the acute phase and
chronic phases." The association between lower CRP
levels and improved test performance suggests that re-
duced inflammation may enhance the ability to complete
the test effectively. Moreover, a younger age correlated
with better test results likely reflects the benefits of greater
muscle strength, flexibility, and overall physical capacity.
The literature indicates a clear independent association
between respiratory failure and mortality rates in the
youngest and oldest patient groups.'”! Additionally, it has
been documented that individuals under 20 years of age,
regardless of gender, experience lower rates of sympto-
matic long COVID-19 (2.8%).1®! Unlike respiratory func-
tion tests, which require multiple attempts to meet accept-
able standards, a single trial of the IMSTST is sulfficient to
assess functional capacity in COVID-19 patients.™

These findings are consistent with existing research that
links systemic inflammation, age-related changes, and
physical capabilities.” The sensitivity of the IMSTST to
these factors emphasizes its effectiveness in capturing
the multifaceted aspects of recovery beyond simple pul-
monary function measures. Our study significantly con-
tributes to the discussion on post-COVID-19 assessment

134

tools. Given the constraints of the pandemic, the IMSTST
stands out as a practical alternative to traditional meth-
ods such as pulmonary function tests and the 6MWT. Its
simplicity, independence from PCR testing, and minimal
spatial requirements make it suitable for various clinical
settings, including primary care facilities.

Limitations

Our study’s limitations include its retrospective and sin-
gle-center design. The exclusion of patients with missing
data and those unable to perform spirometric maneu-
vers and sit-to-stand tests (e.g., patients with orthopedic
issues) may introduce selection bias. Additionally, the
small sample size and the inclusion of only patients with
follow-up data limit the generalizability of our findings.

Conclusion

Our research found that better pulmonary function pa-
rameters correlate with improved performance in the
1MSTST, highlighting its potential as an alternative tool
for assessing post-COVID-19 recovery. Lower CRP levels
and younger age are associated with better performance
in the IMSTST, emphasizing the influence of inflam-
matory and age-related factors. Our findings can assist
physicians in evaluating and monitoring patients with
post-COVID syndrome.
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