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Background: COVID-19 has significantly impacted the public, leading to decreased pulmonary 
function, reduced quality of life, and increased mortality rates and healthcare burdens. The outbreak 
of COVID-19 has triggered a profound sense of fear and uncertainty regarding health status among 
individuals, communities, and nations. A specific public health concern related to COVID-19 is the 
potential for long-term respiratory complications that can affect pulmonary function. Methods: A 
cross-sectional study was conducted with 61 student volunteers from IIUM Kuantan, divided into 
COVID-19-virgin (n=32) and Post-COVID-19 (n=29) groups. Spirometry and ultrasound examinations 
were performed to evaluate pulmonary function and diaphragmatic mobility. Participants first 
underwent a spirometry test, followed by a diaphragmatic mobility assessment using ultrasound, 
with measurements taken on the right diaphragm during three respiratory actions;: quiet breathing, 
deep breathing, and voluntary sniffing. The data were analyzed using SPSS version 29.0 with 
Descriptive Analysis, Mann-Whitney U, and Spearman Correlation tests. Result: Among the 
participants, 51.6% were COVID-19-virgin (n=32), and 46.8% were Post-COVID-19 (n=29). All Post-
COVID-19 participants were in Stage-2 of the disease. The Mann-Whitney U test revealed no 
statistically significant differences in FVC, FEV1, and FEV1/FVC between COVID-19-virgin and Post-
COVID-19 participants. However, a statistically significant correlation in diaphragmatic mobility was 
found during deep breathing, with a moderate negative linear relationship (p = 0.006, r = -0.351). No 
statistically significant differences were found in diaphragmatic mobility during quiet breathing and 
voluntary sniffing. Conclusion: The findings suggest that Post-COVID-19 individuals may experience 
reduced diaphragmatic mobility during deep breathing despite normal spirometric parameters, 
indicating potential differences in pulmonary health between the groups. The decreased 
diaphragmatic mobility observed in Post-COVID-19 individuals warrants further investigation to 
understand the underlying mechanisms and long-term implications. 

INTRODUCTION 

A key concern regarding COVID-19 is the long-term 
respiratory sequelae that can impact public health and 
pulmonary function. Some individuals will experience 
long-term respiratory complications right after recovering 
from the acute phase of the disease. This syndrome is 
frequently referred to as "post-acute sequelae of SARS-
CoV-2 infection" or "long COVID." While the majority of 
individuals who contract COVID-19 fully recover, 
approximately 10-20% of patients experience a range of 
medium- and long-term sequelae following their initial 
illness (Ahmad et al. 2021).  

The long-term impact of COVID-19 is characterized by 
persistent symptoms beyond three months post-infection. 
The impact on lung function is substantial and has a wide 
range of effects, affecting many survivors. Studies have 
shown that even patients with non-severe COVID-19 
experience long-term reductions in pulmonary function, 
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functional capacities, and physical activities, necessitating 
extended healthcare and rehabilitative programs 
(Alshammari, Shanb, Alsubaiei & Youssef, 2024). Persistent 
symptoms such as fatigue, dyspnoea, and chest pain are 
common in prevalence of long-term COVID-19 even 
months after recovery from the initial infection regardless 
of the severity of the acute phase of COVID-19 (Tunçer et 
al, 2023; Patil et al., 2023).  

The lungs are the most organ affected by COVID-19 (Mo et 
al. 2020), so there is no doubt it can affect the respiratory 
system in a person. Since the long-term consequences of 
COVID-19 infection on pulmonary function in young adults 
remain unclear, further studies are necessary to 
investigate the potential impact of the virus on lung 
capacity, respiratory efficiency, and overall pulmonary 
health in this population. While some patients show 
normal results on pulmonary function tests and 
echocardiography, they may still experience impaired 
volitional diaphragm function and control, which 
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correlates with exertional dyspnea (Hadda et al., 2022). 
Despite the exponential increase in scientific publications 
and global collaboration on managing acute COVID-19 
infection over the last two years, the long-term health 
effects on COVID-19 survivors remain unresolved. Thus, 
the present study aimed to investigate the impact of 
COVID-19 on pulmonary health among undergraduate 
students at the International Islamic University Malaysia 
(IIUM) Kuantan, Pahang. 
 
MATERIALS AND METHODS 
 
Ethical Approval 

After obtaining ethical approval from the Kulliyyah 
Postgraduate and Research Committee (Reference no.: 
IIUM/310/14/11/2 ID No. KAHS 8/24) and IIUM Research 
Ethics Committee (IIUM/504/14/11/2/ IREC 2024-
KAHS/DDIR), a cross-sectional study was conducted among 
the COVID-19-virgin and Post-COVID-19 who met the 
inclusion criteria from March 2024 until July 2024. 
 
Participants Recruitment 

A total of 32 participants were classified as COVID-19-
virgin as they had not been infected with COVID-19. In 
contrast, 29 participants were classified as Post-COVID-19 
being in Stage-2 of COVID-19 based on the COVID-19 
Management Guidelines in Malaysia. Ministry of Health 
(MoH) stated that this group of people with Stage-2 were 
all symptomatic with no pneumonia detected. Most of 
them experienced the same common symptoms which are 
fever, cough, sore throat, fatigue, and headache. None of 
them were hospitalised during the infection, thus enough 
for them to fall under the mild level of the National 
Institute Health (NIH) classification. All 61 participants, 
including both the COVID-19-virgin (n=32) and Post-
COVID-19 (n=29) groups, underwent spirometry and 
diaphragmatic mobility assessments. 
 
Spirometry Assessment 

The main outcome measurements for this assessment are 
forced vital capacity (FVC), forced expiratory volume in 1 
second (FEV1), and their ratio, FEV1/FVC. According to the 
American Thoracic Society, as mentioned and suggested 
by Jenkins et al. (2014), the highest values of FVC and FEV1  
were selected as the most suitable values for analysing and 
representing pulmonary function. In addition, the 
FEV1/FVC ratio is also indicative of the volume of air that 
is expelled from the lungs within the initial second of a 
forced expiration (Lutfi, 2017). Prior to the assessment, 
participants were advised to wear comfortable, loose-
fitting clothing and to loosen their belts if necessary, to 

facilitate optimal inhalation and exhalation during the 
procedure (Güçsav et al., 2023).  
 
The participant was positioned in a sitting while a 
mouthpiece and a nose clip were given to ensure no air 
escaped through the nasal passages. The mouthpiece was 
put inside the designated hole or turbine and gently placed 
in the participant’s mouth. Subsequently, the participant 
was instructed to perform a deep inhalation through the 
oral cavity to the fullest extent feasible, followed by 
forcibly exhaling the air into the designated tube. 
Following the spirometry assessment, the key parameters 
of FVC, FEV1, and FEV1/FVC were recorded for each 
participant. The test was performed a minimum of three 
times, and the average values were documented. 

Diaphragmatic Mobility Assessment 

Based on Sierra et al (2023), Diaphragmatic 
ultrasonography is a valuable, non-invasive, and readily 
available method for assessing the diaphragmatic mobility 
(DM). The scanning was conducted using 2 different 
modes; B-mode and M-mode with a 3.5 MHz curvilinear 
transducer to locate the position of the DM. A curvilinear 
transducer was used and placed on the area on anterior 
subcostal area, between the midclavicular and anterior 
axillary lines. Ideally, the liver can be utilized as the 
acoustic window to evaluate the right hemidiaphragm 
meanwhile the left hemidiaphragm can be evaluated using 
the spleen window.  

The mode of scanning was in B mode and transverse 
scanning was carried out by looking across the liver for the 
gallbladder in the centre and the inferior vena cava on the 
right side of the monitor screen. The right hemidiaphragm 
was visually represented as a thick, curving, and 
hyperechoic line as shown in Figure 1. Once the right 
hemidiaphragm was located, the participant was 
instructed to take quiet breathing, deep breathing, and 
voluntary sniffing which were marked by the cursor 
(Boussuges et al, 2009).  The mode of the scan was 
changed to M mode to identify the highest excursion of the 
hemidiaphragm. The callipers were placed at the bottom 
and top of the diaphragm’s inspiratory slope to determine 
the excursion’s amplitude. The scan was repeated at least 
3 times, and the average measurement was taken. The 
mean of all the data for each group of variables (DM and 
spirometry assessment) was calculated. The Mann-
Whitney U test was chosen to compare the means of DM 
of the COVID-19-virgin and Post-COVID-19, and the 
comparison of the means of spirometry assessment 
between the COVID-19-virgin and Post-COVID-19. 
Spearman Correlation was done to describe the 
relationship between COVID-19 status and DM 
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assessment. 

Figure 1: A thick, curved, and hyperechoic line represents  
the right hemidiaphragm 

 
RESULTS 

Descriptive Analysis 

A total of 61 female participants from IIUM Kuantan 
undergraduate students participated in this study and all 
these participants were assigned to COVID-19-virgin and 
Post-COVID-19. A frequency analysis test was done to look 
for the demographic data for this study. Based on Table 1, 
the COVID-19-virgin (n=32) had the highest percentage of 
51.6% meanwhile 46.8% of them were Post-COVID-19 
(n=29).  

 
Table 1: Demographic Data of Participants 

Category 
 

Frequency 
(n=61) 

Percentage 
(%) 

COVID-19 virgin 32 51.6 

Post-COVID-19 29 46.6 

Based on Table 2, the mean result from DM assessment 
using ultrasonography was divided into 3 different 
readings: Average Quiet Breathing Difference (AQBD), 
Average Deep Breathing Difference (ADBD), and Average 
Voluntary Sniffing Difference (AVSD). ADBD in COVID-19-
virgin group recorded a higher mean of DM which was 4.88 
± 0.83 cm than the Post-COVID-19 group (4.21 ± 0.77 cm). 
Besides, the mean of AQBD in the COVID-19-virgin group is 
1.19 ± 0.47 cm, and for the Post-COVID-19 group is 1.34 ± 
0.48 cm. The mean of AVSD in the COVID-19-virgin group 
is 1.28 ± 0.46 cm while for the Post-COVID-19 group is 1.38 
± 0.49 cm.  

 

Table 2: Mean of DM in COVID-19-virgin and Post-COVID-19 

Assessment 
 

COVID-19-virgin  
(n = 32) 

Post-COVID-19 
(n =29) 

AQBD (cm) 1.19 ± 0.47 1.34 ± 0.48 

ADBD (cm) 4.88 ± 0.83 4.21 ± 0.77 

AVSD (cm) 1.28 ± 0.46 1.38 ± 0.49 

 
On the other hand, the spirometry assessment in Table 3 
showed the result of the mean FVC and FEV in the Post-
COVID-19 group was 2.05 ± 0.47 L and 1.94 ± 0.45 L 
respectively were higher than the COVID-19-virgin group. 
The COVID-19-virgin group depicted a value of 2.03 ± 0.40 
L and 1.94 ± 0.38 in the mean of FVC and FEV1. Meanwhile, 
the mean of FEV1/FVC in the COVID-19-virgin group was 
higher than the Post-COVID-19 group which was 95.30 ± 
4.39 % and 94.41 ± 5.12 % respectively.  
 

Table 3: Mean of Spirometry Tests in COVID-19-virgin and 
Post-COVID- 19 

Assessment 
 

COVID-19-virgin  
(n = 32) 

Post-COVID-19 
(n = 29) 

FVC (L) 2.03 ± 0.40 2.05 ± 0.47 

FEV1 (L) 1.94 ± 0.38 1.94 ± 0.45 

FEV1/FVC (%) 95.30 ± 4.39 94.41 ± 5.12 

 
Mann-Whitney U test: Spirometry Test 

The statistical analysis using the Mann-Whitney U test in 
Table 4 showed no significant difference in the mean FVC 
between the COVID-19-virgin and Post-COVID-19 groups. 
The mean of FVC in the Post-COVID-19 group is higher than 
the COVID-19-virgin which is 2.05 ± 0.47 L and 2.03 ± 0.40 
L respectively. Other than that, the mean of FEV1 between 
COVID-19-virgin and Post-COVID-19 groups also showed 
no significant difference. The mean of FEV1 in the Post-
COVID-19 group is slightly higher than the COVID-19-virgin 
which is 1.94 ± 0.45 L and 1.94 ± 0.38 L respectively. There 
is no reduction in FVC and FEV1 measurements was noted 
in Post-COVID-19, suggesting that mild-to-moderate cases 
did not have a long-term negative impact on lung function 
in young adults (Mogansen et al, 2022)
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Table 4: Mean of Spirometry Tests and DM in COVID-19-virgin and Post-COVID- 19 

 Status Mean rank Mann- Whitney U Z p-value 

FVC 
COVID-19-virgin 29.20 

406.50 -0.83 0.41 
Post-COVID-19 32.98 

FEV1 
COVID-19-virgin 29.58 

418.50 -0.65 0.51 
Post-COVID-19 32.57 

FEV1/FVC 
COVID-19-virgin 32.59 

413.00 -0.74 0.46 
Post-COVID-19 29.24 

AQBD  
 

COVID-19-virgin 28.42 
381.50 -1.59 0.11 

Post-COVID-19 33.84 

ADBD  
COVID-19-virgin 36.50 

288.00 -2.71 0.01 
Post-COVID-19 24.93 

AVSD  
COVID-19-virgin 29.58 

418.50 -0.81 0.42 
Post-COVID-19 32.57 

Mann-Whitney U Test: DM Assessment 

A Mann-Whitney U test in Table 4 showed that there was 
no statistically significant difference in the distribution of 
AQBD and AVSD between COVID-19-virgin and Post-
COVID-19, as assessed by DM assessment. Similarly, a 
study from Vetrugno et al, (2022) revealed that the is no 
significant difference in DM assessment between AQBD 
and AVSD. In contrast there is a significant difference in the 
mean for ADBD in the COVID-19-virgin and the Post-
COVID-19 group which is 4.88 ± 0.83 cm and 4.21 ± 0.77 
cm respectively. Deep breathing is the most significant for 
DM assessment in COVID-19 as it aids in allowing better 
visualization and evaluation of the diaphragm movement 
(Vetrugno et al, 2022). In addition, ADBD reading is very 
essential for the evaluation of diaphragmatic mobility and 
strength compared to the AQBD and AVSD (Boussuges et 
al, 2022). 
 
Correlation between Covid-19 Status and Diaphragmatic 
Mobility 

There was no significant correlation between COVID-19 
status and AQBD and AVSD using Spearman's rank-order 
correlation with r = 0.206, p=0.112 and r = 0.104, p=0.424 
respectively. Similar findings are found in the non-
intubated COVID-19 patients, where they experienced a 
temporary decrease in diaphragm thickness but 
maintained normal diaphragm movement during quiet 
breathing, indicating that structural changes did not 

significantly impact functional capacity (Hadda et al., 
2023). There was a moderate negative significant linear 
corelation r = -0.351, p=0.006 a between COVID-19 status 
and ADBD using Spearman's rank-order correlation. This is 
due to deep breathing puts a higher demand on the 
diaphragm forcing it to contract more forcefully, 
highlighting possible weakness or dysfunction present 
(Chandrakumar et al., 2023). In contrast, quiet breathing 
and voluntary sniffing may not stress the diaphragm as 
much, resulting in less pronounced differences between 
post covid-19 and covid-19 virgin. 
 

CONCLUSION 

In summary, this study concludes that Stage-2 of COVID-19 
does not significantly affect quiet breathing diaphragm 
measurements (AQBD, AVSD) or lung function parameters 
(FVC, FEV1 and FEV1/FVC) in young adults. However, a 
significant reduction in ADBD was observed in the Post-
COVID-19 group compared to COVID-19 virgin, indicating 
potential diaphragm weakness after infection. 
Additionally, a moderate negative correlation between 
COVID-19 status and ADBD highlights that deep breathing, 
which demands greater diaphragm strength, may expose 
subtle weaknesses in diaphragm function among Post-
COVID-19 individuals. While overall lung function appears 
unaffected, these results suggest that COVID-19 may lead 
to minor but significant reductions in diaphragm strength 
and mobility under exertion. 
 

International Journal of Allied Health Sciences, 8(5): 93-98 96



 

ACKNOWLEDGEMENT 

This research did not receive any funding from external 
grants. The researcher would like to express sincere 
gratitude to all the participants for their valuable 
contribution to this study. 
 
REFERENCES 

Boussuges, A., Gole, Y., & Blanc, P. (2009). Diaphragmatic 
Motion Studied by M-Mode Ultrasonography. Chest, 
135(2), 391–400. https://doi.org/10.1378/chest.08-
1541 

Campbell Jenkins, B. W., Sarpong, D. F., Addison, C., White, 
M. S., Hickson, D. A., White, W., & Burchfiel, C. (2014). 
Joint effects of smoking and sedentary lifestyle on lung 
function in African Americans: the Jackson Heart Study 
cohort. International Journal of Environmental 
Research and Public Health, 11(2), 1500–1519. 
https://doi.org/10.3390/ijerph110201500 

Chandrakumar, A. K., Baby, J., Xavier, E. S. C., Valsalan, P., 
& Puthanveettil, R. (2023). Correlation Between 
Ultrasonographic Evaluation of Diaphragm Excursion, 
Thickness and Spirometry in COPD patients: A Case-
Control Study. Indian Journal of Respiratory Care, 12(1), 
33–37. https://doi.org/10.5005/jp-journals-11010-
1027 

Güçsav, M. O., Polat, G., Serçe Unat, D., Bayramiç, E., & 
Dikmentepe Yılmaz, E. S. (2023). Determining factors 
affecting the acceptability of spirometry: A survey study 
in a tertiary chest diseases center. Spirometrinin kabul 
edilebilirliğini etkileyen faktörlerin belirlenmesi: 
Üçüncü basamak bir göğüs hastalıkları merkezinde 
anket çalışması. Tuberkuloz ve toraks, 71(3), 273–280. 
https://doi.org/10.5578/tt.20239708  

Hadda, V., Hussain, A., Suri, T., Mittal, S., Madan, K., & 
Mohan, A. (2022). Diaphragm dysfunctions among 
patients recovered from COVID. European Respiratory 
Journal, 60, suppl 66. 
https://doi.org/10.1183/13993003.congress-2022.677 

Hadda, V., Raja, A., Suri, T. M., Khan, M. A., Mittal, S., 
Madan, K., & Mohan, A. (2023). Temporal evolution of 
diaphragm thickness and diaphragm excursion among 
subjects hospitalized with COVID-19: A prospective 
observational study. Respiratory Medicine and 
Research, 83, 100960. 
https://doi.org/10.1016/j.resmer.2022.100960 

Javier Lázaro Sierra, Miranda Doz Arcas, Paloma Clavería 
Marco, Rosell, T., Angel, M., Laura Pérez Gimenez, 
Teresa Lanzuela Benedicto, Marcos Zuil Martin, Ana 
Boldova Loscertales, Sandra García Saez, Ana Huertas 
Puyuelo, David Nieto Sánchez, & Carretero, A. (2024). 
Prognostic Value of Diaphragmatic Ultrasound in 
Patients Admitted for COVID-19 Pneumonia. Open 
Respiratory Archives, 6(1), 100290–100290. 
https://doi.org/10.1016/j.opresp.2023.100290 

Lutfi, M. F. (2017). The physiological basis and clinical 
significance of lung volume measurements. 
Multidisciplinary Respiratory Medicine, 12(1). 
https://doi.org/10.1186/s40248-017-0084-5 

Maha Alshammari, Alsayed Shanb, Alsubaiei, M., & 
youssef, E. (2023). Long-term effect of non-severe 
COVID-19 on pulmonary function, exercise capacities 
and physical activities: a cross-section study in Sakaka 
Aljouf. F1000Research, 12, 809–809. 
https://doi.org/10.12688/f1000research.133516.3 

Mo, X., Jian, W., Su, Z., Chen, M., Peng, H., Peng, P., Lei, C., 
Chen, R., Zhong, N., & Li, S. (2020). Abnormal 
pulmonary function in COVID-19 patients at time of 
hospital discharge. European Respiratory Journal, 
55(6). https://doi.org/10.1183/13993003.01217-2020 

Mogensen, I., Hallberg, J., Björkander, S., Du, L., Zuo, F., 
Hammarström, L., Pan-Hammarström, Q., Ekström, S., 
Georgelis, A., Palmberg, L., Janson, C., Bergström, A., 
Melén, E., & Kull, I. (2022). Lung function before and 
after COVID-19 in young adults: A population-based 
study. Journal of Allergy and Clinical Immunology: 
Global, 1(2). 
https://doi.org/10.1016/j.jacig.2022.03.001 

Mohammad Shakil Ahmad, Shaik, R. A., Ahmad, R., Mohd, 
Muhammad Atif Khan, Abdulelah Almutairi, W K Z 
Alghuyaythat, & Sultan Almutairi. (2021). LONG 
COVID": an insight.". European Review for Medical and 
Pharmacological Sciences, 25(17), 5561–5577. 
https://doi.org/10.26355/eurrev_202109_26669  

Patil, S., Narkar, S., Dahiphale, J., Raka, V., Choudhari, S., & 
Gondhali, G. (2023). Long COVID symptoms, 
pathophysiology and possible mechanisms: Still, we are 
learning! World Journal of Advanced Pharmaceutical 
and Medical Research, 4(1), 053–065. 
https://doi.org/10.53346/wjapmr.2023.4.1.0019 

Tuncer, G., Geyiktepe-Guclu, C., Surme, S., Canel-Karakus, 
E., Erdogan, H., Bayramlar, O. F., Belge, C., 

International Journal of Allied Health Sciences, 8(5): 93-98 97

https://doi.org/10.1378/chest.08-1541
https://doi.org/10.1378/chest.08-1541
https://doi.org/10.3390/ijerph110201500
https://doi.org/10.5005/jp-journals-11010-1027
https://doi.org/10.5005/jp-journals-11010-1027
https://doi.org/10.5578/tt.20239708
https://doi.org/10.1183/13993003.congress-2022.677
https://doi.org/10.1016/j.resmer.2022.100960
https://doi.org/10.1016/j.opresp.2023.100290
https://doi.org/10.1186/s40248-017-0084-5
https://doi.org/10.12688/f1000research.133516.3
https://doi.org/10.1183/13993003.01217-2020
https://doi.org/10.1016/j.jacig.2022.03.001
https://doi.org/10.26355/eurrev_202109_26669
https://doi.org/10.53346/wjapmr.2023.4.1.0019


 

Karahasanoglu, R., Copur, B., Yazla, M., Zerdali, E., 
Nakir, I. Y., Yildirim, N., Kar, B., Bozkurt, M., 
Karanalbant, K., Atasoy, B., Takak, H., Simsek-Yavuz, S., 
& Turkay, R. (2023). Long-term effects of COVID-19 on 
lungs and the clinical relevance: a 6-month prospective 
cohort study. Future Microbiology, 18(4), 185–198. 
https://doi.org/10.2217/fmb-2022-0121 

Vetrugno, L., Orso, D., Corradi, F., Zani, G., Spadaro, S., 
Meroi, F., D’Andrea, N., Bove, T., Cammarota, G., De 
Robertis, E., Ferrari, S., Guarnieri, M., Ajuti, M., Fusari, 
M., Grieco, D. L., Deana, C., Boero, E., Franchi, F., 
Scolletta, S., & Maggiore, S. M. (2022). Diaphragm 
ultrasound evaluation during weaning from mechanical 
ventilation in COVID-19 patients: a pragmatic, cross-
section, multicenter study. Respiratory Research, 23(1), 
210. https://doi.org/10.1186/s12931-022-02138-y  

 

International Journal of Allied Health Sciences, 8(5): 93-98 98

https://doi.org/10.2217/fmb-2022-0121
https://doi.org/10.1186/s12931-022-02138-y

