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Abstract

Background/Objectives: The acute complications of COVID-19 have been well charac-
terized and are frequently associated with increased mortality. Although substantial
knowledge regarding long COVID has accumulated since the beginning of the pandemic,
important uncertainties remain regarding the long-term clinical, functional, radiological,
and metabolic consequences of SARS-CoV-2 infection. Identification of post-COVID-19
complications is therefore essential for appropriate recognition and management. This
study aimed to evaluate the long-term complications of COVID-19 at 3 and 9 months after
infection. Methods: This prospective study was conducted at Inonu University Turgut Ozal
Medical Center. Patients who presented with active post-COVID-19 complaints or for rou-
tine follow-up were enrolled. Participants were evaluated at the pulmonology outpatient
clinic at 3 and 9 months. At each visit, persistent or new-onset symptoms were assessed,
and pulmonary function tests (PFT), the six-minute walk test (6MWT), echocardiography
(ECHO), and thoracic computed tomography (CT) were performed as clinically indicated.
Patients were stratified into three groups according to the severity of acute illness: outpa-
tient, ward-hospitalized, and ICU-hospitalized. Results: A total of 205 patients (120 male,
85 female) were included. Male patients had significantly higher rates of ward and ICU
hospitalization than female patients (p = 0.006). At 9 months, 85.3% of patients had at least
one persistent symptom; dyspnea (69.6%), cough (35.6%), and chest pain (32.5%) were the
most common. FVC showed a statistically significant increase between months 3 and 9
(p = 0.014), and the 6MWT distance improved significantly (423.56 m vs. 464.10 m; p = 0.008).
Ground-glass opacity, present in 90.2% of patients at admission, persisted in 44.3% at
9 months (p < 0.001). Reticular opacities, pleuroparenchymal bands, and mosaic perfusion
patterns increased over time. ICU patients had significantly lower ejection fraction values
compared with ward and outpatient groups at 9 months (p = 0.046). During follow-up,
13 patients developed pulmonary embolism and 7 developed new-onset diabetes melli-
tus. Conclusions: Despite the well-characterized acute phase, the long-term sequelae of
COVID-19 remain a significant clinical challenge. Identification of late complications is
critical for reducing morbidity and understanding the long-term societal and healthcare
burden of the pandemic. Multidisciplinary long-term follow-up is warranted, particularly
for patients who experienced severe acute illness.
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1. Introduction
COVID-19 has infected more than 700 million people and caused over 7 million deaths

worldwide [1]. In parallel, more than 13 billion vaccine doses have been administered
globally [2]. The widespread implementation of vaccination programs, together with suc-
cessive waves of SARS-CoV-2 variants, including the global predominance of the Omicron
lineage and its descendants, contributed to increasing population-level immunity through
both vaccination and natural infection [3]. As a result, pandemic-related fears have begun
to diminish; however, COVID-19 may not be fully eradicated and could eventually become
endemic. The severity of disease and case-fatality rate have declined [4], yet as the number
of infected survivors continues to grow, prolonged medical and psychological sequelae
have become increasingly recognized [5,6].

COVID-19 is primarily transmitted through respiratory particles, including droplets
and aerosols generated during breathing, speaking, coughing, and sneezing [7]. Older
age and underlying comorbidities—including hypertension, diabetes mellitus, and cardio-
vascular disease—are associated with more severe disease [8]. Chen et al. demonstrated
that elderly male patients progressed more rapidly to acute respiratory distress syndrome
(ARDS), representing a life-threatening condition [9]. A meta-analysis of comorbidities in
hospitalized patients reported hypertension in 17%, diabetes in 8%, cardiovascular disease
in 5%, and pulmonary disease in 2% of cases [10].

This study was designed to investigate the long-term outcomes of patients with PCR-
confirmed COVID-19. We hypothesized that COVID-19 may lead to persistent clinical,
functional, and radiological sequelae and that these sequelae would differ according to the
severity of the acute illness and hospitalization status.

2. Methods
2.1. Study Design and Ethics

This was a prospective observational study approved by the Clinical Research Ethics
Committee of Inonu University Faculty of Medicine (approval date: 3 March 2021; de-
cision number: 31). Written informed consent was obtained from all participants prior
to enrollment. Patients with PCR-confirmed COVID-19 were invited to attend follow-up
evaluations between 2021 and 2022. Three- and nine-month follow-up assessments were
completed by mid-2022.

2.2. Patient Population

Patients who presented to Inonu University Turgut Ozal Medical Center for post-
COVID-19 complaints or routine follow-up were screened for eligibility. Inclusion criteria
were: age ≥ 18 years, PCR-confirmed SARS-CoV-2 infection, and CT findings during the
acute phase. Patients were contacted by telephone and invited for follow-up visits at 3 and
9 months after confirmed infection. Patients were stratified into three groups based on
acute illness severity: outpatient, ward-hospitalized, and ICU-hospitalized.

At each follow-up visit, presenting symptoms, smoking history, in-hospital treat-
ment details (including corticosteroid and LTOT use), duration of hospitalization, and
radiological findings from the acute phase were recorded.

Because this study was conducted in a tertiary referral center, the study population
may not be fully representative of the broader population of COVID-19 survivors. Therefore,
the findings should be interpreted with consideration of potential referral bias.

2.3. Pulmonary Function Tests (PFT)

PFTs were performed according to American Thoracic Society (ATS) criteria [11]. Flow-
volume curves were used to derive FEV1, FVC, and FEV1/FVC values. Restrictive pattern
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was defined as FEV1/FVC > 70% with FVC < 80% predicted. Obstructive pattern was
defined as FEV1/FVC < 75% with a compatible flow-volume curve.

2.4. Six-Minute Walk Test (6MWT)

The 6MWT was performed in the bronchoscopy unit of the Department of Pul-
monology along a 50 m corridor. Patients were instructed to walk at their maximum
comfortable pace.

2.5. Computed Tomography (CT)

Thoracic CT examinations were performed and reported by radiologists at the Depart-
ment of Radiology, Inonu University. CT was requested at the discretion of the attending
physician based on symptom burden, using non-contrast, contrast-enhanced, or pulmonary
embolism protocol as appropriate. The following radiological patterns were evaluated:
ground-glass opacity (GGO), interlobular septal thickening, reticular opacity, cystic lesion,
consolidation, honeycombing, pleuroparenchymal band formation (PPBF), mosaic per-
fusion, pulmonary embolism, cavitary lesion, nodular lesion, and pleural effusion. Any
single finding, regardless of extent, was considered significant.

2.6. Echocardiography (ECHO)

Patients were referred to the Department of Cardiology for cardiac evaluation. All
measurements were performed by an experienced cardiologist according to the American
Society of Echocardiography guidelines [12]. Pulmonary artery pressure (PAP) and ejection
fraction (EF) were recorded.

2.7. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). Normality of the data was assessed using the
Shapiro–Wilk test, histogram distribution, and skewness–kurtosis parameters. The Shapiro–Wilk
test was used to determine whether continuous variables followed a normal distribution
and to guide the selection of appropriate parametric or non-parametric statistical tests.

Variables with normal distribution are presented as mean ± standard deviation (SD),
whereas non-normally distributed variables are presented as median (minimum–maximum).
Categorical variables are expressed as frequencies and percentages.

Chi-square and Fisher’s exact tests were used to compare categorical variables between
groups. Fisher’s exact test was preferred when expected cell counts were small. Continuous
variables with normal distribution were compared using analysis of variance (ANOVA)
to assess differences among hospitalization groups, whereas non-normally distributed
variables were analyzed using the Kruskal–Wallis test. When overall group differences
were significant, post hoc analyses were performed using Tukey’s test following ANOVA
and Bonferroni-corrected Mann–Whitney U tests following Kruskal–Wallis analysis to
identify the groups responsible for the observed differences.

Repeated-measures general linear model analysis was used to evaluate within-subject
changes between the 3- and 9-month follow-up assessments and to determine longitudinal
changes in clinical and functional parameters over time.

The selection of statistical tests was based on the distribution characteristics of the
data, the type of variables analyzed, and the longitudinal design of the study. Similar
statistical approaches have been used in recent post-COVID follow-up studies evaluating
long-term clinical, functional, and radiological outcomes [13].

A two-sided p-value < 0.05 was considered statistically significant.
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3. Results
3.1. Demographic and Clinical Characteristics

A total of 205 patients (120 male, 85 female) were included. The mean age was
59.0 years (range: 22–88). During the acute phase, 30.7% were managed as outpa-
tients, 40.5% were hospitalized in a general ward, and 28.8% required ICU admission.
The mean ward hospitalization duration was 12.79 ± 10.0 days and mean ICU stay
was 17.49 ± 20.5 days. Prednisolone was administered to 122 patients (59.5%), and
53 patients (25.9%) received long-term oxygen therapy (LTOT) after discharge. Demo-
graphic characteristics and comorbidities are summarized in Table 1.

Table 1. Demographic characteristics and acute-phase management.

Variable n %

Age (mean ± SD, min-max) 59.03 ± 13.6 (22–88)

Sex

Female 85 41.5

Male 120 58.5

Hospitalization Status

Outpatient 63 30.7

Ward 83 40.5

ICU 59 28.8

Treatment

Prednisolone 122 59.5

LTOT 53 25.9

Ward LOS (mean ± SD, days) 12.79 ± 10.0 (1–90)

ICU LOS (mean ± SD, days) 17.49 ± 20.5 (2–120)

Smoking status

Never smoker 116 56.6

Active smoker 18 8.8

Ex-smoker 69 33.7

Pack/year (mean ± SD) 37.47 ± 29.4 (2–160)

Comorbidity (≥1) 163 79.5

Hypertension 80 39.0

Diabetes mellitus 65 31.7

Coronary artery disease 43 21.0

COPD 11 5.4

Asthma 19 9.3

Tuberculosis 15 7.3

Malignancy 18 8.8

OSAS 8 3.9
SD: standard deviation; ICU: intensive care unit; LTOT: long-term oxygen therapy; LOS: length of stay; COPD:
chronic obstructive pulmonary disease; OSAS: obstructive sleep apnea syndrome.

Male patients had significantly higher rates of ward and ICU hospitalization compared
with females (p = 0.006). Prednisolone use was significantly associated with hospitalization
status (p < 0.001), with 91.5% of ICU patients, 65.1% of ward patients, and 22.2% of
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outpatients receiving prednisolone. LTOT was prescribed to 57.6% of ICU patients and
22.9% of ward patients (p < 0.001).

3.2. Symptoms

At admission, 97.6% of patients had at least one symptom. At the 3-month visit, 137 of
148 patients (92.6%) reported at least one symptom. At 9 months, 163 of 191 patients (85.3%)
still had at least one symptom. Dyspnea, cough, and chest pain were the most common
persistent or newly reported symptoms. Detailed symptom data across time points are
presented in Table 2.

Table 2. Symptom prevalence at admission, 3 months, and 9 months.

Symptom Admission n (%) Month 3 n (%) Month 9 n (%) p

≥1 Symptom 200 (97.6) 137 (92.6) 163 (85.3) <0.001

Dyspnea 135 (65.9) 103 (69.6) 133 (69.6) 0.419

Chest pain 37 (18.0) 45 (30.4) 62 (32.5) 0.002

Cough 105 (51.2) 51 (34.5) 68 (35.6) 0.001

Sputum 35 (17.1) 37 (25.0) 54 (28.3) 0.022

Fever 50 (24.4) 1 (0.7) 3 (1.6) <0.001

Fatigue 65 (31.7) 31 (20.9) 32 (16.8) 0.002

Anorexia 17 (8.3) 6 (4.1) 3 (1.6) 0.006

Headache 17 (8.3) 9 (6.1) 5 (2.6) 0.040

Sore throat 19 (9.3) 3 (2.0) 1 (0.5) <0.001

Joint pain 26 (12.7) 4 (2.7) 9 (4.7) 0.001

Memory impairment 0 (0) 6 (4.1) 13 (6.8) 0.344

3.3. Radiological Findings

CT involvement was detected in 96.6% of patients at admission, 92.1% at 3 months,
and 79.5% at 9 months. Ground-glass opacity, present in 90.2% at admission, persisted in
44.3% at 9 months (p < 0.001). Interlobular thickening and consolidation decreased over
time; however, reticular opacities, pleuroparenchymal bands, mosaic perfusion patterns,
and honeycombing showed an increase compared with baseline. CT findings across time
points are presented in Table 3.

Table 3. CT findings at admission, 3 months, and 9 months.

CT Finding Admission n (%) Month 3 n (%) Month 9 n (%) p

CT involvement 198 (96.6) 117 (92.1) 140 (79.5) <0.001

Ground-glass opacity 185 (90.2) 86 (67.7) 78 (44.3) <0.001

Interlobular thickening 73 (35.6) 73 (57.5) 90 (51.1) <0.001

Reticular opacity 36 (17.6) 44 (34.6) 66 (37.5) <0.001

Consolidation 70 (34.1) 18 (14.2) 16 (9.1) <0.001

Mosaic perfusion 11 (5.4) 16 (12.6) 34 (19.3) <0.001

Pleuroparenchymal band 30 (14.6) 36 (28.3) 50 (28.4) 0.001

Honeycombing 5 (2.4) 4 (3.1) 9 (5.1) 0.365

Pleural effusion 3 (1.5) 6 (4.7) 10 (5.7) 0.063

Pulmonary embolism 6 (2.9) 6 (4.7) 1 (0.6) 0.054
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3.4. Pulmonary Function and Exercise Capacity

Among patients with paired PFT data (n = 61), both FEV1% and FVC% showed
statistically significant improvements between months 3 and 9 (p = 0.026 and p = 0.009,
respectively). The FEV1/FVC ratio did not change significantly (p = 0.120). The 6MWT
distance increased from 423.56 ± 122.7 m at month 3 to 464.10 ± 103.8 m at month 9
(p = 0.008). At the 9-month visit, ICU patients had significantly higher FEV1/FVC values
compared with other groups (p = 0.047), likely reflecting a predominantly restrictive pattern.
Functional and cardiac parameters are summarized in Table 4.

Table 4. Pulmonary function, exercise capacity, and echocardiographic findings at 3 and 9 months.

Parameter Month 3 (n = 61) Month 9 (n = 61) p

PFT

FEV1, mL (mean ± SD) 2401 ± 785.7 2509 ± 880.5 0.080

FEV1, % (mean ± SD) 82.93 ± 23.4 87.32 ± 24.8 0.026

FVC, mL (mean ± SD) 2906 ± 911.5 3064 ± 972.3 0.014

FVC, % (mean ± SD) 82.16 ± 24.1 87.03 ± 24.4 0.009

FEV1/FVC (mean ± SD) 81.40 ± 8.2 80.14 ± 7.3 0.120

6MWT, m (mean ± SD) 423.56 ± 122.7 464.10 ± 103.8 0.008

Echocardiography

EF, % (mean ± SD) 56.80 ± 6.7 57.35 ± 6.9 0.322

PAP, mmHg (mean ± SD) 34.24 ± 7.9 33.42 ± 6.5 0.323

RV dilation, n (%) 7 (3.4) 22 (10.7) 0.301
PFT: pulmonary function test; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; 6MWT: six-minute
walk test; EF: ejection fraction; PAP: pulmonary artery pressure; RV: right ventricle; SD: standard deviation.

3.5. Echocardiographic Findings

At 9 months, ICU patients had significantly lower mean EF values (55.88 ± 8.72%)
compared with ward (58.49 ± 4.80%) and outpatient groups (57.72 ± 4.92%) (p = 0.046).
No significant differences were observed in PAP or RV dilation across groups at 9 months.
Between-visit comparisons revealed a trend toward EF increase and PAP decrease, but
neither reached statistical significance.

3.6. CT Findings by Hospitalization Group

At 9 months, CT involvement was significantly more prevalent in ICU (88.5%) and
ward patients (85.5%) compared with outpatients (63.6%) (p = 0.003). Interlobular thicken-
ing was present in 65.4% of ICU patients, 47.8% of ward patients, and 41.8% of outpatients
(p = 0.041). Reticular opacity, mosaic perfusion, and pleuroparenchymal bands were more
frequent in ICU-hospitalized patients (Table 5).

Table 5. CT findings at 9 months by acute-phase hospitalization status.

CT Finding at Month 9 Outpatient (n = 55) n (%) Ward (n = 69) n (%) ICU (n = 52) n (%) p

CT involvement 35 (63.6) 59 (85.5) 46 (88.5) 0.003

Ground-glass opacity 20 (36.4) 33 (47.8) 25 (48.1) 0.364

Interlobular thickening 23 (41.8) 33 (47.8) 34 (65.4) 0.041
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Table 5. Cont.

CT Finding at Month 9 Outpatient (n = 55) n (%) Ward (n = 69) n (%) ICU (n = 52) n (%) p

Reticular opacity 16 (29.1) 27 (39.1) 23 (44.2) 0.240

Consolidation 5 (9.1) 7 (10.1) 4 (7.7) 0.898

Mosaic perfusion 7 (12.7) 14 (20.3) 13 (25.0) 0.272

Pleuroparenchymal band 11 (20.0) 18 (26.1) 21 (40.4) 0.060

3.7. New-Onset Conditions During Follow-Up

Several new conditions were diagnosed during the 9-month follow-up period (Table 6).
Pulmonary embolism was the most frequent new diagnosis (n = 13; prevalence 6.34%).
New-onset diabetes mellitus was confirmed in 7 patients (prevalence 3.4%), with 6 of
7 patients having received prolonged corticosteroid therapy. Lung cancer was detected in
5 patients, fungal infections in 4, and interstitial lung disease in 3. A total of 14 patients died
during follow-up; mortality did not differ significantly by hospitalization group (p = 0.884).

Table 6. New-onset conditions identified during 9-month follow-up.

New-Onset Condition By Month 3 By Month 9

Pulmonary embolism 12 13

Diabetes mellitus 5 7

Lung cancer 2 5

Fungal infection 1 4

Interstitial lung disease 0 3

Asthma 0 4

Pneumothorax 1 3

Myocarditis 1 1

Osteoporosis 0 2

Other malignancies 0 5

Death 0 14

Pulmonary embolism diagnoses were established in symptomatic patients evaluated
because of clinical suspicion. Of the 13 cases, 6 were identified at the initial evaluation, 6
during the 3-month follow-up, and 1 during the 9-month follow-up assessment.

4. Discussion
This study prospectively evaluated the clinical, radiological, and functional char-

acteristics of COVID-19 survivors over 9 months, comparing findings with published
literature. Key findings include the following: male sex was associated with higher hos-
pitalization and ICU admission rates; greater acute disease severity was associated with
more frequent long-term symptoms, functional impairment, and radiological abnormalities;
pulmonary function and exercise capacity improved progressively over time; and certain
comorbidities—particularly diabetes—were associated with delayed radiological recovery.

Long COVID is defined as a multisystem condition characterized by symptoms per-
sisting or recurring for at least 3 months following SARS-CoV-2 infection [5]. Although
vaccine development has reduced mortality and severe disease, the mutation capacity and
transmissibility of the virus ensure that long-term effects remain clinically important [3].
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In this cohort, male patients had significantly higher ward and ICU admission rates
than female patients (p = 0.006), consistent with prior studies from the United States [14],
Italy [15], and a large U.S. multicenter study demonstrating higher intubation rates, longer
hospitalization, and greater in-hospital mortality in male patients [16]. The increased
susceptibility of males to severe COVID-19 is thought to be related to hormonal differences,
sex-specific immune responses, and comorbidity burden [17].

Persistent symptoms were observed in 85.3% of patients at 9 months, with dyspnea,
cough, and chest pain being most prevalent. This is consistent with published studies
in which fatigue and dyspnea dominated long-term symptom profiles, though the pre-
dominance of dyspnea over fatigue in our cohort may reflect the higher proportion of
hospitalized patients included [18,19]. International heterogeneity in symptom prevalence
at 9 months is notable, with one French cohort reporting symptoms in approximately
one-third of patients [20], whereas a UK cohort reported substantially higher rates [21].
Our higher prevalence likely reflects the tertiary referral nature of our institution and the
inclusion of more severely ill patients.

Radiological CT findings in this cohort are consistent with prior literature. A system-
atic review of 67 studies reported CT abnormalities in 92.6% of COVID-19 pneumonia
cases [22], and a Chinese cohort identified GGO, consolidation, and interlobular septal
thickening as the most common acute patterns [23]. The persistence of GGO in 44.3% of our
patients at 9 months, alongside increasing reticular opacities, pleuroparenchymal bands,
and mosaic perfusion, underscores the potential for post-COVID fibrotic evolution. A UK
study of hospitalized patients reported GGO in 48% at 1 year [24]. Similarly, a French study
evaluating 177 patients approximately 3 months after hospital discharge reported persis-
tent CT abnormalities in 63.2% of patients, including ground-glass opacities in 42.4% and
fibrotic lesions in 19.4% [25]. In contrast, a meta-analysis of 15 studies found at least one CT
abnormality in 32.6% of patients at 1 year—with critical illness associated with delayed CT
resolution [26]. A meta-analysis published in Thorax reported that 50% of hospitalized pa-
tients had radiological inflammation at 12 months and 29% had fibrotic changes [27]. More
recent evidence has similarly demonstrated that residual CT abnormalities may persist
beyond 1 year after COVID-19, particularly among patients with severe acute disease [28].
The higher rates in our study may be attributable to our liberal definition of radiological
significance (any single finding considered abnormal) and the inclusion of patients with
pre-existing pulmonary conditions. Recent international consensus recommendations have
emphasized that residual CT abnormalities may persist after COVID-19 and should be
interpreted within the clinical context, taking into account the severity of the acute illness
and the presence of pre-existing pulmonary disease [29].

Pulmonary function improved progressively, with significant increases in FVC and
FEV1% between months 3 and 9. Although the absolute changes were modest, these im-
provements may be clinically meaningful because they likely reflect ongoing recovery from
post-inflammatory pulmonary parenchymal injury following acute COVID-19. Reduced
FVC is commonly associated with restrictive ventilatory impairment resulting from diffuse
alveolar damage, organizing pneumonia, and residual interstitial abnormalities. There-
fore, the observed improvement in FVC may indicate gradual resolution of inflammatory
changes and partial restoration of lung compliance over time. These findings align with
reports from China [30] and Spain [31], where progressive improvement in pulmonary
function was similarly documented.

The predominance of restrictive patterns in ICU patients, reflected by higher
FEV1/FVC ratios, is also consistent with persistent parenchymal changes after severe
COVID-19 pneumonia. Furthermore, the significant improvement in 6MWT distance
(p = 0.008) suggests recovery not only of pulmonary function but also of overall exercise

https://doi.org/10.3390/jcm15135202

https://doi.org/10.3390/jcm15135202


J. Clin. Med. 2026, 15, 5202 9 of 13

capacity and functional status [32]. Since post-COVID exercise limitation may result from
multiple factors, including respiratory impairment, reduced physical conditioning associ-
ated with prolonged hospitalization, cardiovascular involvement, and persistent symptoms,
improvement in 6MWT performance may reflect broader recovery extending beyond pul-
monary function alone [33]. Although our findings are consistent with some published
series [34], other studies have reported persistent or worsening functional impairment [31],
highlighting the heterogeneity of post-COVID recovery trajectories. Emerging evidence
suggests that persistent pulmonary dysfunction in long COVID may be associated with
ongoing inflammatory and vascular mechanisms [35].

Echocardiographic analysis revealed that ICU patients had lower EF values at 9 months
compared with other groups (p = 0.046), suggesting persistent cardiac involvement in
those with the most severe acute illness [36]. Right ventricular involvement and elevated
pulmonary artery pressures have been described in the acute phase of COVID-19 [37];
long-term cardiac sequelae remain undercharacterized, and larger studies are needed to
confirm these findings [38].

Diabetes mellitus was associated with delayed radiological recovery in our cohort,
consistent with the known adverse effects of hyperglycemia on inflammation resolution and
tissue repair. Persistent hyperglycemia has been shown to impair immune regulation, pro-
mote ongoing inflammatory activity, and negatively affect tissue healing processes, which
may contribute to prolonged radiological abnormalities following COVID-19. In addition,
increasing evidence suggests that SARS-CoV-2 infection may influence glucose metabolism
through multiple mechanisms, including direct pancreatic β-cell injury mediated by ACE2
receptors, cytokine-induced insulin resistance, and endothelial dysfunction [39]. Recent
evidence suggests that the mechanisms underlying new-onset diabetes after COVID-19 are
multifactorial, involving direct viral effects, systemic inflammation, and treatment-related
factors such as corticosteroid exposure [40]. Furthermore, a recent meta-analysis demon-
strated an increased risk of incident diabetes following SARS-CoV-2 infection, particularly
among previously hospitalized individuals. Recent studies have reported an increased
incidence of newly diagnosed diabetes following COVID-19, supporting the concept that
COVID-19 may have long-term metabolic consequences [41].

In our cohort, the prevalence of new-onset diabetes mellitus (3.4%) was lower than that
reported by Li et al. (21%) [42] and Fadini et al. (5%) [43]. Notably, six of the seven patients
with newly diagnosed diabetes had received prolonged corticosteroid therapy, suggesting
that treatment-related factors may have contributed to the development of diabetes in
addition to disease-related mechanisms. Nevertheless, the occurrence of new-onset diabetes
during follow-up represents an important finding of our study and further supports the
multisystemic nature of post-COVID sequelae. However, routine screening for diabetes
mellitus was not systematically performed during follow-up in all participants. Therefore,
asymptomatic cases or individuals with mild disturbances in glucose metabolism may have
remained undetected, potentially leading to an underestimation of the true prevalence of
new-onset diabetes in our cohort.

Pulmonary embolism was detected in 13 patients (6.34%), reinforcing data on COVID-
19-associated hypercoagulability [44]. The observed prevalence in our cohort was sub-
stantially higher than expected in the general population [45]. Among the 13 patients
diagnosed with pulmonary embolism, six cases were identified at the initial evaluation,
six during the 3-month follow-up visit, and one during the 9-month follow-up assessment.
Pulmonary embolism was investigated in patients presenting with symptoms suggestive
of thromboembolic disease, particularly chest pain, rather than through routine screening.
These findings emphasize the importance of considering thromboembolic complications in
symptomatic patients during both the acute and follow-up phases of COVID-19.
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Patients hospitalized with COVID-19 may be at increased risk of fungal infections be-
cause of multiple factors independent of SARS-CoV-2 itself, including prolonged antibiotic
exposure, opportunistic pathogens, drug-related adverse effects, invasive procedures such
as central venous catheterization, and critical illness [46]. Furthermore, corticosteroids and
cytokine-targeted therapies, which have become integral components of the management
of severe COVID-19, may contribute to immunosuppression and increase susceptibility to
fungal infections [46]. In our cohort, four patients developed fungal infections during the
9-month follow-up period. Three of these patients had received prolonged corticosteroid
therapy, with a mean treatment duration of 55 days, and two had a history of prolonged
ICU hospitalization, with a mean ICU stay of 20.5 days. Therefore, the fungal infections
observed in our cohort may have been associated not only with COVID-19 itself but also
with immunosuppressive treatment and prolonged critical care exposure.

Lung cancer was diagnosed in five patients during follow-up (prevalence 2.43%). The
observed cases may reflect increased detection resulting from repeated thoracic imaging,
previously undiagnosed malignancies, referral bias related to the tertiary care setting,
or established risk factors such as advanced age and smoking history. Although a po-
tential association between COVID-19 and carcinogenesis has been proposed through
mechanisms such as immune dysregulation and chronic inflammation triggering oncogenic
processes [47], causal inference requires longer follow-up periods and larger cohorts. The
relatively short follow-up period of our study further limits the ability to draw conclusions
regarding a potential association between COVID-19 and subsequent cancer development.

Three patients were diagnosed with new-onset interstitial lung disease (ILD) during
the 9-month follow-up. None had fibrotic abnormalities at baseline CT. Whether post-
COVID fibrosing changes will progress to established ILD—and at what rate—remains
an open question. Long-term data suggest that fibrotic abnormalities can persist beyond
2 years in a subset of patients [48].

Limitations

Several limitations of this study should be acknowledged. First, this study was
conducted in a tertiary referral center, which may have introduced referral bias and limited
the generalizability of the findings to the broader population of COVID-19 survivors.

Second, thoracic CT examinations were performed according to clinical indications
rather than a predefined imaging protocol. Therefore, patients with persistent symptoms or
suspected complications may have been more likely to undergo repeat imaging, introducing
potential detection bias.

Third, DLCO measurements could not be systematically performed during the
study period because of technical problems affecting pulmonary function testing equip-
ment. Since DLCO is considered one of the most sensitive indicators of post-COVID
pulmonary impairment, its absence limited the comprehensive assessment of long-term
pulmonary function [13].

Fourth, paired pulmonary function test data were available for only a subset of the
study population. Therefore, the functional outcomes should be interpreted with caution
because of the potential for selection bias.

Finally, detailed ICU-related variables, including invasive mechanical ventilation,
non-invasive ventilation, high-flow nasal oxygen therapy, prone positioning, ARDS sever-
ity, and ICU-acquired complications, were not systematically collected. Consequently,
the independent contribution of critical illness to long-term outcomes could not be
fully evaluated [49].
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5. Conclusions
The findings of this study support our hypothesis that COVID-19 may result in persis-

tent clinical, functional, and radiological sequelae and that the burden of these sequelae
differs according to the severity of the acute illness and hospitalization status. COVID-19
survivors, particularly those with severe acute illness, frequently exhibit persistent symp-
toms, radiological abnormalities, and functional impairment at 9 months. Pulmonary
function and exercise capacity show improvement over time; however, some patients
retain permanent pulmonary and cardiac sequelae. These findings underscore the neces-
sity of structured, multidisciplinary long-term follow-up for COVID-19 survivors, with
early identification of high-risk patients who may benefit from targeted rehabilitation
and monitoring.
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et al. Functional Limitations and Exercise Intolerance in Patients With Post-COVID Condition: A Randomized Crossover Clinical
Trial. JAMA Netw. Open 2024, 7, e244386. [CrossRef] [PubMed]

34. Huang, L.; Yao, Q.; Gu, X.; Wang, Q.; Ren, L.; Wang, Y.; Hu, P.; Guo, L.; Liu, M.; Xu, J.; et al. 1-year outcomes in hospital survivors
with COVID-19: A longitudinal cohort study. Lancet 2021, 398, 747–758. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15135202

https://doi.org/10.3390/medicina60121954
https://www.ncbi.nlm.nih.gov/pubmed/39768836
https://www.ncbi.nlm.nih.gov/pubmed/32945846
https://doi.org/10.1186/s12890-021-01455-0
https://www.ncbi.nlm.nih.gov/pubmed/33743654
https://doi.org/10.1371/journal.pone.0254066
https://www.ncbi.nlm.nih.gov/pubmed/34910731
https://www.ncbi.nlm.nih.gov/pubmed/33257910
https://doi.org/10.1016/j.jinf.2020.08.029
https://www.ncbi.nlm.nih.gov/pubmed/32853602
https://www.ncbi.nlm.nih.gov/pubmed/34442798
https://www.ncbi.nlm.nih.gov/pubmed/35875883
https://www.ncbi.nlm.nih.gov/pubmed/32091414
https://www.ncbi.nlm.nih.gov/pubmed/34609195
https://doi.org/10.1001/jama.2021.3331
https://www.ncbi.nlm.nih.gov/pubmed/33729425
https://www.ncbi.nlm.nih.gov/pubmed/35694728
https://www.ncbi.nlm.nih.gov/pubmed/35338102
https://doi.org/10.1148/radiol.230535
https://www.ncbi.nlm.nih.gov/pubmed/37404150
https://doi.org/10.1148/radiol.243374
https://www.ncbi.nlm.nih.gov/pubmed/40693930
https://doi.org/10.1016/s2213-2600(21)00174-0
https://www.ncbi.nlm.nih.gov/pubmed/33964245
https://doi.org/10.1186/s12931-022-02166-8
https://www.ncbi.nlm.nih.gov/pubmed/36096801
https://doi.org/10.3390/life14111514
https://www.ncbi.nlm.nih.gov/pubmed/39598312
https://doi.org/10.1001/jamanetworkopen.2024.4386
https://www.ncbi.nlm.nih.gov/pubmed/38573638
https://doi.org/10.1016/s0140-6736(21)01755-4
https://www.ncbi.nlm.nih.gov/pubmed/34454673
https://doi.org/10.3390/jcm15135202


J. Clin. Med. 2026, 15, 5202 13 of 13

35. Sanhueza, S.; Vidal, M.A.; Hernandez, M.A.; Henriquez-Beltran, M.E.; Cabrera, C.; Quiroga, R.; Antilef, B.E.; Aguilar, K.P.; Castillo,
D.A.; Llerena, F.J.; et al. Clinical and pulmonary function analysis in long-COVID revealed that long-term pulmonary dysfunction
is associated with vascular inflammation pathways and metabolic syndrome. Front. Med. 2023, 10, 1271863. [CrossRef] [PubMed]

36. Xie, Y.; Xu, E.; Bowe, B.; Al-Aly, Z. Long-term cardiovascular outcomes of COVID-19. Nat. Med. 2022, 28, 583–590.
[CrossRef] [PubMed]

37. Pagnesi, M.; Baldetti, L.; Beneduce, A.; Calvo, F.; Gramegna, M.; Pazzanese, V.; Ingallina, G.; Napolano, A.; Finazzi, R.; Ruggeri,
A.; et al. Pulmonary hypertension and right ventricular involvement in hospitalised patients with COVID-19. Heart 2020, 106,
1324–1331. [CrossRef] [PubMed]

38. Tudoran, C.; Tudoran, M.; Lazureanu, V.E.; Marinescu, A.R.; Pop, G.N.; Pescariu, A.S.; Enache, A.; Cut, T.G. Evidence of
pulmonary hypertension after SARS-CoV-2 infection in subjects without previous significant cardiovascular pathology. J. Clin. Med.
2021, 10, 199. [CrossRef] [PubMed]

39. Zhao, X.; Jiang, L.; Sun, W.; Tang, S.; Kang, X.; Gao, Q.; Li, Z.; An, X.; Lian, F. Understanding the interplay between COVID-19
and diabetes: Insights for the post-pandemic era. Front. Endocrinol. 2025, 16, 1530718. [CrossRef] [PubMed]

40. Kim, S.H.; Lee, J.H. New-Onset Diabetes After COVID-19. Diabetes Care 2023, 46, e196–e198.
41. Zilbermint, M.; Motevalli, M.; Batty, K.; Venner-Walcott, J.; Edwards, A.; Burley, T.; Jackson, K.; Akhtar, M.; Demidowich, A.P.

Prevalence and risk of new-onset diabetes mellitus after COVID-19: A systematic review and meta-analysis. Diabetes Res. Clin. Pract.
2023, 205, 110898. [CrossRef] [PubMed]

42. Li, H.; Tian, S.; Chen, T.; Cui, Z.; Shi, N.; Zhong, X.; Qiu, K.; Zhang, J.; Zeng, T.; Chen, L.; et al. Newly diagnosed diabetes is
associated with a higher risk of mortality than known diabetes in hospitalized patients with COVID-19. Diabetes Obes. Metab.
2020, 22, 1897–1906. [CrossRef] [PubMed]

43. Fadini, G.P.; Morieri, M.L.; Boscari, F.; Fioretto, P.; Maran, A.; Busetto, L.; Bonora, B.M.; Selmin, E.; Arcidiacono, G.; Pinelli, S.; et al.
Newly-diagnosed diabetes and admission hyperglycemia predict COVID-19 severity by aggravating respiratory deterioration.
Diabetes Res. Clin. Pract. 2020, 168, 108374. [CrossRef] [PubMed]

44. Miró, Ò.; Jiménez, S.; Mebazaa, A.; Freund, Y.; Burillo-Putze, G.; Martín, A.; Martín-Sánchez, F.J.; García-Lamberechts, E.J.;
Alquézar-Arbé, A.; Jacob, J.; et al. Pulmonary embolism in patients with COVID-19: Incidence, risk factors, clinical characteristics,
and outcome. Eur. Heart J. 2021, 42, 3127–3142. [CrossRef] [PubMed]

45. Liao, S.C.; Shao, S.C.; Chen, Y.T.; Chen, Y.C.; Hung, M.J. Incidence and mortality of pulmonary embolism in COVID-19: A
systematic review and meta-analysis. Crit. Care 2020, 24, 464. [CrossRef] [PubMed]

46. Ulloque-Badaracco, J.R.; Copaja-Corzo, C.; Hernandez-Bustamante, E.A.; Cabrera-Guzmán, J.C.; Huayta-Cortez, M.A.; Carballo-
Tello, X.L.; Seminario-Amez, R.A.; Hueda-Zavaleta, M.; Benites-Zapata, V.A. Fungal infections in patients after recovering from
COVID-19: A systematic review. Ther. Adv. Infect. Dis. 2024, 11, 20499361241242963. [CrossRef] [PubMed]

47. Saini, G.; Aneja, R. Cancer as a prospective sequela of long COVID-19. Bioessays 2021, 43, 2000331. [CrossRef] [PubMed]
48. Li, D.; Liao, X.; Liu, Z.; Ma, Z.; Dong, J.; Zheng, G.; Zi, M.; Wang, F.; He, Q.; Li, G.; et al. Healthy outcomes of patients with COVID-

19 two years after the infection: A prospective cohort study. Emerg. Microbes Infect. 2022, 11, 2680–2688. [CrossRef] [PubMed]
49. Vreeman, E.C.A.; Pillay, J.; Burgess, J.K. Post-COVID pulmonary sequelae: Mechanisms and potential targets to reduce persistent

fibrosis. Pharmacol. Ther. 2025, 272, 108891. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15135202

https://doi.org/10.3389/fmed.2023.1271863
https://www.ncbi.nlm.nih.gov/pubmed/37869162
https://doi.org/10.1038/s41591-022-01689-3
https://www.ncbi.nlm.nih.gov/pubmed/35132265
https://doi.org/10.1136/heartjnl-2020-317355
https://www.ncbi.nlm.nih.gov/pubmed/32675217
https://doi.org/10.3390/jcm10020199
https://www.ncbi.nlm.nih.gov/pubmed/33430492
https://doi.org/10.3389/fendo.2025.1599969
https://www.ncbi.nlm.nih.gov/pubmed/40469441
https://doi.org/10.1016/j.diabres.2023.110898
https://www.ncbi.nlm.nih.gov/pubmed/37678726
https://doi.org/10.1111/dom.14099
https://www.ncbi.nlm.nih.gov/pubmed/32469464
https://doi.org/10.1016/j.diabres.2020.108374
https://www.ncbi.nlm.nih.gov/pubmed/32805345
https://doi.org/10.1093/eurheartj/ehab314
https://www.ncbi.nlm.nih.gov/pubmed/34164664
https://doi.org/10.1186/s13054-020-03175-z
https://www.ncbi.nlm.nih.gov/pubmed/32718343
https://doi.org/10.1177/20499361241242963
https://www.ncbi.nlm.nih.gov/pubmed/38706456
https://doi.org/10.1002/bies.202000331
https://www.ncbi.nlm.nih.gov/pubmed/33914346
https://doi.org/10.1080/22221751.2022.2133639
https://www.ncbi.nlm.nih.gov/pubmed/36215047
https://doi.org/10.1016/j.pharmthera.2025.108891
https://www.ncbi.nlm.nih.gov/pubmed/40447142
https://doi.org/10.3390/jcm15135202

	Introduction 
	Methods 
	Study Design and Ethics 
	Patient Population 
	Pulmonary Function Tests (PFT) 
	Six-Minute Walk Test (6MWT) 
	Computed Tomography (CT) 
	Echocardiography (ECHO) 
	Statistical Analysis 

	Results 
	Demographic and Clinical Characteristics 
	Symptoms 
	Radiological Findings 
	Pulmonary Function and Exercise Capacity 
	Echocardiographic Findings 
	CT Findings by Hospitalization Group 
	New-Onset Conditions During Follow-Up 

	Discussion 
	Conclusions 
	References

