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Introduction: Amyotrophic lateral sclerosis (ALS) is a neurogenic 
progressive disease that leads to muscle atrophy. The purpose of this 
study was to evaluate pulmonary function test (PFT) in patients with ALS 
and its correlation with ASL symptoms. 
Materials and Methods: This cross-sectional study was performed on 32 
ALS patients at Ghaem Hospital, Mashhad, Iran. All patients filled out a 
demographic form and underwent body plethysmography to determine 
forced vital capacity (FVC), forced expiratory volume in 1 sec (FEV1), and 
FEV1/FVC indexes based on their gender and age. Blood samples were 
also collected to analyze atrial blood gas (ABG) and the levels of oxygen 
and carbon dioxide. Finally, the data were analyzed by using SPSS20 
software. 
Results: The mean age of the patients was 61.66±13.6 years. The 
prevalence of ALS was higher in females than in males. The study of the 
symptoms of the disease (87.1%) of the patients in the study was motor 
disorder, (0.31%) swallowing disorder, (48.0%) cough and shortness of 
breath and (40.0%) speech impairment. The results showed that there was 
a significant relationship between hypercarbia and night oxygen 
saturation , which the hypercarbia abundance was higher among patients 
whose night oxygen saturation was SO2 ˂90. But there was no significant 
relationship between hypercarbia and hypoxemia with symptoms of the 
disease.. Other results showed that the FEV1 test with swallowing disorder 
(P = 0.01) and cough and shortness of breath (P = 0.02) the results of FVC 
test with swallowing disorder (P = 0.01) and cough and shortness of 
breath (P = 0.02) and Also, there was a significant relationship between 
FEV1 / FVC test with swallowing disorder (P = 0.01) and cough and 
shortness of breath (P = 0.01) so that, With the normalization of the 
Pulmonary Function Test and the improvement of the patients , the 
symptoms of the disease also decreased. 
Conclusion: Overall, the results indicate that early detection of pulmonary 
involvement in patients with ALS can lead to interventions such as oxygen 
therapy and reduce symptoms and help improve their quality of life. 
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Introduction 
Amyotrophic lateral sclerosis (ALS) is a 

progressive neurodegenerative disease that 
affects the upper and lower motor neurons (1). 
The ALS is the most common neuromuscular 
disease worldwide that annually affects 1-2 per 
100,000 people (1). This disease can be seen as 
a sporadic or familial condition, which mostly 
affects males at the age of 40-70 years (1). There 
is no definite diagnostic tool for ALS; 
accordingly, the diagnosis of this disease is 
mainly accomplished based on its clinical 
features (2). The EI Escorial criteria are among 
the commonly used diagnostic criteria for ALS 
(3). 

The primary symptoms of ALS include 
muscular atrophy and weakness, including 
involuntary muscle fasciculation, as well as 
muscle cramp and rigidity. Muscular weakness 
may present as limb weakness, slurred speech, 
and nasal speech (4-6). The progression of the 
disease results in difficulty in movement, 
dysphagia, and speech problems, as well as 
spasticity and hyperreflexia (4).  

Respiratory muscle weakness results in 
impaired pulmonary function, which is a 
common feature of ALS, followed by respiratory 
failure and death (7). Respiratory involvement 
begins with decreased vital capacity and forced 
expiratory volume (7). Respiratory failure due 
to respiratory muscle weakness or pneumonia is 
the most common cause of death in ALS patients 
(1). The ALS has no definite treatment and the 
treatments are mainly symptomatic (8). In case 
of respiratory involvement, such therapeutic 
approaches as intermittent positive pressure 
ventilation, bilevel positive airway pressure, and 
biphasic cuirass ventilation can be applied for 
the patients (8).  

Regarding the importance of pulmonary 
function test (PFT) in the management and 
prognosis of ALS, the present study was 
conducted to assess the role of PFT among 
patients with ALS and the relationship between 
pulmonary function parameters and ALS 
symptoms. 
 

Materials and methods 
This cross-sectional study was conducted on 

patients with ALS referring to Ghaem Hospital in 
Mashhad, Iran, for 15 months (data collection 
from July 2016 to December 2017). The study 
population was selected using the convenience 
sampling technique. The study protocol was 
approved by the Ethics Committee of Mashhad 
University of Medical Sciences Mashhad, Iran 
(registration code: 5018). 

Study population 
The ALS diagnosis was made by neurologists 

based on the EI Escorial criteria (3). A total of 32 
patients with mild to moderate ALS were 
identified. All patients were informed about the 
aim and procedure of the study by the 
researcher. They were then asked to sign an 
informed consent form if they were willing to 
participate in the study. All patients agreed to 
participate and signed the consent form. 
 

Technical information 
A demographic questionnaire and clinical 

form was filled out by all patients. This form 
covered such data as age, gender, time of the 
onset of symptoms, neurological symptoms, 
respiratory symptoms, time interval between 
the diagnosis of the disease and first PFT, 
medical history, and smoking status. All patients 
underwent PFT in the Respiratory Clinic based 
on body plethysmography to assess forced vital 
capacity (FVC), forced expiratory volume in 
1 sec (FEV1), and FEV1/FVC. The values were 
then interpreted based on age and gender. The 
assessment of atrial blood gas (ABG) and blood 
levels of oxygen and carbon dioxide was 
accomplished by collecting blood samples (1 
cm3) from the subjects. 
 

Statistical analysis  
The data were presented using descriptive 

statistics, including mean and standard 
deviation for the continuous variables and 
frequency and percentage for the categorical 
variables. The assessment of the relationship 
between the study variables was performed 
using the Chi-square test. Furthermore, Fisher’s 
exact test was used to analyze the qualitative 
variables.  The data were analyzed in the SPSS 
software, version 20. P-value smaller than 0.05 
was considered statistically significant. 
 

Results 
A total of 32 patients, including 15 males 

(46.9%) and 17 females (53.1%), participated in 
this study. The mean age of the patients was 
61.96±13.06 years. Table 1 presents the 
demographic characteristics and laboratory 
findings of the patients. Asthma was present in 2 
(6.3%) patients as a comorbid respiratory 
condition. Out of the 32 patients, 7 (21.9%) 
cases were not able to perform the FVC test; 
furthermore, 23 (71.9%) patients failed to 
perform the maximum inspiratory pressure and 
maximum expiratory pressure tests. 
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Table 1. Demographic and laboratory characteristics of the study population 
Variable Frequency (%) 

Age (year) 

30-40 2 (6.3%) 
41-50 3 (9.4%) 
51-60 10 (31.3%) 
61-70 8 (25.0%) 
>70 9 (28.1%) 

Time interval between the first PFT and primary 
diagnosis 

No tests 13 (40.6%) 
At the time of diagnosis 9 (28.1%) 
<1 month from diagnosis 1 (3.1%) 
<1 year from diagnosis 5 (15.6%) 
>1 year from diagnosis 4 (12.5%) 

History of a previous PFT 2 (6.3%) 
Repeated PFT during study period 5 (15.6%) 
Smoking 5 (15.6%) 
Comorbid respiratory diseases 2 (6.3%) 
Hypercarbia 16 (50%) 

Oxygen saturation (day) 
<90 0 (0.0%) 
>90 32 (100.0%) 

Oxygen saturation (night) 
<90 19 (59.4%) 
>90 13 (40.6%) 

Oxygen administration 

No 17 (53.1%) 
Nocturnal oxygen 8 (25.0%) 
Oxygen therapy 5 (15.6%) 
BIPAP 2 (6.3%) 

PFT: pulmonary function test, BIPAP: bi-level positive airway pressure 
 

Table 2 lists the PFT results in the 
participants. According to this table, 26 (81.3%) 
patients cooperated in PFT, while 6 (18.8%) 
failed to cooperate. 
 
Table 2. Results of pulmonary function test in the study 
population 

Variable Frequency (%) 

MIP 
>70% 2 (6.3%) 

≤70% 7 (21.9%) 

MEP 
>70% 3 (9.4%) 

≤70% 6 (18.8%) 

FEV1 
Abnormal 12 (37.5%) 

Normal 13 (40.6%) 

FVC 
Abnormal (<50%) 7 (21.9%) 

Normal (>50%) 18 (56.3%) 

FEV1/FVC 
Abnormal 2 (6.3%) 

Normal 23 (71.9%) 

MIP: maximum inspiratory pressure, MEP: maximum 
expiratory pressure, FEV1: forced expiratory volume in 
1 sec, FVC: forced vital capacity 
 

The symptoms of the patients are illustrated 
in Figure 1. Treatment was performed for all 
patients; however, 5 (15.6%) patients died 
during the course of data collection. Among the 
patients with hypercarbia, 13 (81.2%) cases had 
nocturnal oxygen saturation below 90%, while 3 
(18.8%) subjects had oxygen saturation above 
90%. The results indicated a significant 
relationship between hypercarbia and nocturnal 
oxygen saturation (P=0.01). The relationship 
between PFT and ALS symptoms is presented in 
Table 3. The FEV1 and FVC showed a significant 
relationship with dysphagia (P=0.01 each) and 
cough and dyspnea (P=0.02 each). Similarly, 
FEV1/FVC was significantly correlated with 
dysphagia (P=0.01) and cough and dyspnea 
(P=0.01; Table 3). 
 

Table 3. Relationship between disease symptoms and study variables 

Variable Hypoxemia Hypercarbia FEV1 FVC FVE1/FVC 
Frequency 
(%) 

P-
value 

Frequency 
(%) 

P-
value 

Frequency 
(%) 

P-
value 

Frequency 
(%) 

P-
value 

Frequency 
(%) 

P-
value 

Motor 
involvement 

16 
(84.2%) 

0.40 13 
(86.7%) 

0.60 9 (75.0%) 0.20 9 (75.0%) 0.20 1 (50.0%) 0.10 

Dysphagia 6 (33.3%) 0.50 7 (43.8%) 0.10 1 (9.1%) 0.01** 2 (18.2%) 0.01** 0 (0.0%) 0.01** 
Cough and 
dyspnea 

9 (64.3%) 0.07 7 (58.3%) 0.20 5 (55.6%) 0.02* 5 (55.6%) 0.02* 2 
(100.0%) 

0.01** 

Speech 
problems 

7 (41.2%) 0.50 6 (42.9%) 0.50 5 (41.7%) 0.08 5 (41.7%) 0.08 1 (50.0%) 0.10 

FEV1: forced expiratory volume in 1 sec, FVC: forced vital capacity 
* Significant at α=0.05 based on Fisher’s exact test 

** Significant at α=0.01 based on Fisher’s exact test
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Figure 1. Frequency of symptoms among the study 
population 

 
Discussion 

The findings of this study revealed that the 
mean age of the patients with the diagnosis of 
ALS was 61.96±13.06 years, which is in line with 
the previous reports (8-11). In this study, ALS 
was most frequently diagnosed in females 
(53.1%), which is in contrast with the findings 
of the previous studies (10-12). The discrepancy 
between the findings of the present research 
and those of the previous studies might be due 
to the small sample size of this study. 

This study revealed that hypercarbia was 
present in 50% of the patients while all patients 
had oxygen saturation above 90% during the 
daytime, 59.4% of them had oxygen saturation 
below 90% at night. This study also found a 
significant relationship between hypercarbia 
and nocturnal oxygen saturation. Similarly, in a 
study performed by Prell et al. (2016), a 
relationship was observed between dyspnea 
and reduced oxygen saturation (13). It was also 
found that ALS patients with hypoventilation 
had significantly lower nocturnal oxygen 
saturation. Regarding this, such interventions as 
oxygen therapy and nasal intermittent positive 
pressure ventilation can help improve the 
quality of life and pulmonary complications, 
thereby affecting the longevity of ALS patients 
(13-16).  

Based on the findings of the current study, 
both FEV1 and FVC demonstrated a significant 
relationship with dysphagia and 
cough/dyspnea, indicating that patients with 
normal PFT had fewer complaints. In a study, 
the survival of ALS patients increased with the 
improvement of PFT results, and FVC was 
considered as a risk factor for ALS survival (17). 
Similarly, in another study, FEV1 and FVC were 
lower in ALS patients at the time of diagnosis, 
compared to those in healthy individuals (18, 
19).  

It is recommended to assess PFT in all ALS 
patients upon diagnosis in order to determine 
the risk of mortality and morbidity and improve 
the quality of life and longevity in ALS patients 
(20, 21). Based on the evidence, PFT has a high 
sensitivity and specificity in the diagnosis of 
respiratory involvement in ALS. The findings of 
this study provided further evidence regarding 
the importance of PFT in the management and 
diagnosis of ALS.  

One of the limitations of this study was the 
implementation of data collection in only one 
center, which can limit the generalizability of 
the findings to the whole ALS population. 
Furthermore, due to the limitation in time and 
the rarity of the disease, small sample size was 
investigated in this study. It is recommended to 
perform multicenter longitudinal studies with 
larger sample size to better evaluate the 
respiratory risk factors for morbidity and 
mortality in ALS patients. 
 

Conclusion 
The PFT can be used as a cheap and easily 

accessible diagnostic tool for the early detection 
and management of respiratory involvement in 
ALS. 
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