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Abstract 

Background  Diaphragmatic dysfunction (DD) in hemodialysis patients is a scarcely studied issue. Incentive spirom-
etry (IS) is a commonly prescribed maneuver used to prevent or manage pulmonary complications. The present study 
aimed to identify the prevalence and risk factors of DD in 100 HD patients. Moreover, we assessed the role of IS in 
management of DD in those patients.

Methods  The present study followed a hybrid design with two phases. In the first cross-sectional phase, 100 con-
secutive maintenance HD patients for at least 3 years were evaluated for the presence of DD using ultrasound. In 
the second interventional phase, patients with DD (n = 43) were randomly assigned to receive IS (n = 22) or standard 
care (n = 21) for management of DD.

Results  Comparison between patients with DD and patients without regarding clinical and laboratory data revealed 
that the former group had significantly higher frequency of males [29 (67.4%)/14 (32.6%) vs. 26 (45.6%)/31 (54.4%), 
p = 0.03] with lower BMI [23.8 ± 3.8 vs. 26.3 ± 3.5 kg/m2, p < 0.001] and longer HD duration (82.2 ± 42.1 vs. 64.8 ± 36.9 
months, p = 0.031). Moreover, it was noted that DD group had significantly higher frequency of patients with moder-
ate/severe malnutrition (81.4% vs. 45.6%, p = 0.005), lower Hb levels (9.6 ± 1.5 vs. 10.3 ± 1.4 gm/dL, p = 0.011), lower 
albumin levels (3.4 ± 0.4 vs. 4.1 ± 0.5 gm/dL, p < 0.001) and higher hsCRP levels [median (IQR) 113.6 (90.9–130.4) vs. 
91.1 (50.9–105.6) mg/dL, p < 0.001] as compared to patients without DD. While no significant differences were found 
between patients receiving study interventions at baseline, patients submitted to IS training showed significant 
improvement of diaphragmatic excursion measurements as compared to the standard care group.

Conclusions  In conclusion, DD is commonly encountered in HD patients. Probable risk factors include longer HD 
duration and low albumin levels. Use of IS can improve diaphragmatic excursion in affected patients.
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Background
Through decades, hemodialysis (HD) had steadied its role 
as the primary treatment option for end stage renal dis-
ease (ESRD). Since invention eight decades ago, the pro-
cedure had witnessed massive developments in terms of 
technological innovations and clinical protocols. Unfor-
tunately, use of HD is not without significant drawbacks 
and one of these is the associated malnutrition-inflam-
mation complex [1]. The consequences of malnutrition in 
HD patients encompass, among others, muscle wasting, 
weakness and sarcopenia which are linked to poor clini-
cal outcomes [2].

The diaphragm is the principal breathing muscle and 
any local or systemic condition that interferes with its 
appropriate contractility can lead to diaphragmatic dys-
function (DD) and related clinical consequences includ-
ing dyspnea, easy fatiguability and sleep disturbances [3]. 
Notably, HD patients were reported to have poor respira-
tory muscle strength parameters and pulmonary function 
tests in comparison to healthy counterparts [4]. In spite 
of the fact that DD in HD patients is a scarcely investi-
gated issue. It was found to be related to troublesome 
symptoms including dyspnea, fatigue, and hiccup [5] and 
serious clinical outcomes including non-fatal cardiovas-
cular events and all-cause mortality [6].

Diagnosis of DD is challenging. While application of 
volitional tests is restricted by the patient effort, other 
non-volitional tests e.g. neuromuscular stimulation are 
technically sophisticated [7]. Recently, ultrasound is 
increasingly used for assessment of diaphragmatic integ-
rity, excursion and thickness [8]. Management options of 
DD entails training of respiratory muscles, noninvasive 
ventilation and surgical intervention in advanced cases 
[9].

Incentive spirometry (IS) is a commonly prescribed 
maneuver used to prevent or manage pulmonary com-
plications postoperatively [10–13], after stroke [14]. The 
present study aimed to identify the prevalence and risk 
factors of DD in HD patients. Moreover, we assessed the 
role of IS in management of DD in those patients.

Methods
The present study was conducted et al.-Azhar University 
Hospitals, Cairo, Egypt. The study protocol was approved 
by the ethical committee of Al-Azhar University Faculty 
of Medicine and all patients provided informed written 
consent before enrollment.

Study design and selection criteria
The present study followed a hybrid design with two 
phases. In the first cross-sectional phase, 100 consecu-
tive maintenance HD patients for at least 3 years were 

evaluated for the presence of DD using ultrasound. In the 
second interventional phase, patients with DD (n = 43) 
were randomly assigned to receive IS (n = 22) or stand-
ard care (n = 21) for management of DD. Patients were 
excluded if they had history of cardiovascular or cerebro-
vascular events, cognitive impairment, associated lung 
disease, malignant conditions or advanced liver disease.

Baseline assessment
Upon recruitment, all patients were submitted to careful 
history taking, thorough clinical examination and stand-
ard laboratory work up. Nutritional status was assessed 
using the malnutrition inflammation score (MIS) [15]. 
Patients with MIS < 6 were identified to have mild malnu-
trition while those with MIS ≥ 6 were identified to have 
moderate/severe malnutrition.

Ultrasound diagnosis of DD
The diaphragm was assessed during tidal, deep and 
sniff breathing using ultrasound scanner equipped with 
3.5 MHz curvilinear and 8 MHz linear probes (SSI6000, 
Sonoscape, Nanshan, China) for diaphragmatic excursion 
(M-mode) and thickness (B-mode). Only the right dia-
phragm was assessed. It was found to sufficient and more 
precise for diagnosis of DD in comparison to the left side 
for technical considerations [16]. All sonographic meas-
urements were made at baseline and after the IS protocol 
by the same sonographer. Patients were diagnosed with 
DD if they had diaphragmatic excursion of < 10 mm or 
the presence of paradoxical movement [17, 18] and/or if 
they had diaphragm thickening fractions < 20% [8].

Randomization and blinding
Patients were randomized to receive IS or standard care 
using computer-generated random tables and sealed 
envelope technique. Sonographers weren’t aware of the 
type of intervention received by the patients.

Incentive spirometry protocol
IS training was achieved using UNA01 flow-oriented 
incentive spirometer (UniCare, China). Patients were 
adequately trained to use the device. The respiratory 
training protocol consisted of hourly 5–10 episodes dur-
ing wake time for 8 weeks.

Statistical analysis
Data obtained from the present study were presented 
as number and percent, mean and standard deviation 
(SD) or median and interquartile range (IQR) and com-
pared using chi-square test, t test or Mann–Whitney U 
test. Binary logistic regression analysis was used to iden-
tify predictors of DD in the studied patients. All statis-
tical computations were processed using SPSS, 27 (IBM, 
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IL, USA) with p value < 0.05 was considered statistically 
significant.

Results
The present study included 100 HD patients compris-
ing 55 men and 45 women with an age of 60.7 ± 8.7 year. 
DD was diagnosed in 43 patients. Comparison between 
patients with DD and patients without regarding clinical 
and laboratory data revealed that the former group had 
significantly higher frequency of males [29 (67.4%)/14 
(32.6%) vs. 26 (45.6%)/31 (54.4%), p = 0.03] with lower 
BMI (23.8 ± 3.8 vs. 26.3 ± 3.5 kg/m2, p < 0.001) and 
longer HD duration (82.2 ± 42.1 vs. 64.8 ± 36.9 months, 
p = 0.031) (Table 1).

Moreover, it was noted that DD group had significantly 
higher frequency of patients with moderate/severe mal-
nutrition (81.4% vs. 45.6%, p = 0.005), lower Hb levels 
(9.6 ± 1.5 vs. 10.3 ± 1.4 gm/dL, p = 0.011), lower albumin 
levels (3.4 ± 0.4 vs. 4.1 ± 0.5 gm/dL, p < 0.001) and higher 
hsCRP levels [median (IQR) 113.6 (90.9–130.4) vs. 91.1 
(50.9–105.6) mg/dL, p < 0.001] as compared to patients 
without DD (Table 1).

Binary logistic regression analysis identified HD dura-
tion [OR (95% CI) 0.98 (0.97–0.99)], moderate/severe 
malnutrition [OR (95% CI) 3.67 (1.45–9.28)], Hb levels 
[OR (95% CI) 1.44 (1.08–1.91)] and albumin levels [OR 
(95% CI) 31.3 (7.98–123.0)] as significant predictors 
of DD in univariate analysis. However, in multivariate 

Table 1  Clinical and laboratory findings in the studied patients (n = 100)

BMI Body mass index, DM Diabetes mellitus, FBS Fasting blood sugar, Hb Hemoglobin, HD Hemodialysis, hsCRP High-sensitivity C-reactive protein, HTN Hypertension, 
iPTH Intact parathyroid hormone, RA Rheumatoid arthritis, SLE Systemic lupus erythematosus, WBCs White blood cells

All patients
N = 100

Diaphragmatic 
dysfunction + ve
n = 43

Diaphragmatic dysfunction 
−ve
n = 57

p value

Age (years) mean ± SD 60.7 ± 8.7 60.5 ± 9.1 60.9 ± 8.5 0.83

Male/female n (%) 55 (55.0)/45 (45.0) 29 (67.4)/14 (32.6) 26 (45.6)/31(54.4) 0.03

BMI (Kg/m2) 25.2 ± 3.8 23.8 ± 3.8 26.3 ± 3.5  < 0.001

Comorbidities n (%)

HTN 54 (54.0) 22 (51.2) 32 (56.1) 0.62

DM 41 (41.0) 18 (41.9) 23 (40.4) 0.88

RA 15 (15.0) 6 (14.0) 9 (15.8) 0.8

SLE 8 (8.0) 5 (11.6) 3 (5.3) 0.25

HD duration (months) mean ± SD 72.4 ± 40.0 82.2 ± 42.1 64.8 ± 36.9 0.031

Malnutrition n (%)

No/Mild 34 (34.0) 8 (18.6) 31 (54.4) 0.005

Moderate/severe 66 (66.0) 35 (81.4) 26 (45.6)

Laboratory findings mean ± SD/median (IQR)

Hb (gm/dL) 10.0 ± 1.5 9.6 ± 1.5 10.3 ± 1.4 0.011

WBCs (× 103/mL) 6.1 ± 2.0 6.4 ± 2.0 5.8 ± 1.9 0.09

Platelets (× 103/mL) 196.7 ± 58.5 190.4 ± 65.0 201.5 ± 53.2 0.35

Creatinine (mg/dL) 7.8 ± 2.5 7.5 ± 2.4 8.0 ± 2.5 0.31

Urea (mg/dL) 112.7 ± 32.1 115.2 ± 33.0 110.8 ± 31.6 0.5

FBS (mg/dL) 125.3 ± 46.7 127.6 ± 49.2 123.6 ± 45.1 0.67

Albumin (gm/dL) 3.8 ± 0.6 3.4 ± 0.4 4.1 ± 0.5  < 0.001

Cholesterol (mg/dL) 171.5 ± 48.2 183.4 ± 52.9 162.5 ± 42.6 0.031

Triglycerides (mg/dL) 181.8 ± 107.4 194.7 ± 113.1 172.0 ± 102.8 0.29

Calcium (mg/dL) 8.8 ± 0.8 8.4 ± 0.8 9.0 ± 0.7  < 0.001

Phosphorus (mg/dL) 4.5 ± 1.2 4.2 ± 1.1 4.7 ± 1.3 0.067

Sodium (mEq/L) 136.2 ± 5.7 133.0 ± 5.2 138.6 ± 4.8  < 0.001

Potassium (mEq/L) 4.7 ± 0.6 4.4 ± 0.6 4.7 ± 1.3  < 0.001

iPTH (pg/mL) 366.5 (187.0–909.8) 395.0 (206.0–904.0) 338.0 (175.0–930.0) 0.79

Uric acid (mg/dL) 5.9 ± 1.3 6.0 ± 1.4 5.8 ± 1.2 0.61

hsCRP (mg/L) 100.6 (75.9–116.6) 113.6 (90.9–130.4) 91.1 (50.9–105.6)  < 0.001
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analysis, only albumin levels [OR (95% CI) 43.2 (6.91–
270.7)] remained significant (Table 2).

While no significant differences were found between 
patients receiving study interventions at baseline, 
patients submitted to IS training showed significant 
improvement of diaphragmatic excursion measurements 
as compared to the standard care group (Table 3).

Discussion
The present study found that DD as assessed by ultra-
sound imaging is highly prevalent in maintenance HD 
patients. Also, we found an association between DD, and 
male sex, HD duration, moderate-to-severe malnutrition, 
lower hemoglobin and albumin levels and high hsCRP 
levels. Our conclusions are supported by the few stud-
ies that assessed DD in HD patients through different 
designs and protocols.

In their case control study, Wang et  al. [5] found that 
HD patients had lower diaphragmatic thickness, thicken-
ing fraction and excursion as compared to healthy con-
trols. However, they didn’t report the prevalence of DD 
in the studied patients nor assessed the relation between 
DD and other HD parameters. In another work, Zheng 
et  al. [6] documented DD in 44.9% of the studied HD 
patients, a figure that is close to that found by the pre-
sent study. However, patients included in their work 
included—among others—patients with previous cardio-
vascular events and congestive heart failure. These condi-
tions may affect the performance of diaphragmatic tests 
irrespective of the hemodialysis parameters (Fig. 1).

Also, the study of Yuenyongchaiwat et al. [4] noted that 
HD patients exhibited significantly impaired respiratory 
muscles strength parameters in comparison to healthy 
controls. They added that this impairment is related to 
HD duration in harmony with our conclusions.

DD is HD patients may be explained by multiple fac-
tors. As shown by the present study and other stud-
ies [19], malnutrition is quite prevalent in HD patients. 
Malnutrition was also linked to reduced diaphragmatic 
thickness and function in many populations [19–21] 
probably due to increased proteolysis and reduced 

protein synthesis [22, 23] mediated by autocrine/parac-
rine [24] or inflammatory [25] pathways.

The persistent proinflammatory state related to HD is 
another suggested contributor to DD. Multiple reports 
identified impaired diaphragmatic functions in patients 
with proinflammatory conditions [26–28].

Table 2  Predictors of diaphragmatic dysfunction in the studied patients

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

HD duration 0.98 0.97–0.99 0.037 1.0 0.99–1.02 0.74

Malnutrition 3.67 1.45–9.28 0.006 0.79 0.23–2.67 0.7

Hb 1.44 1.08–1.91 0.013 0.92 0.6–1.39 0.69

Albumin 31.3 7.98–123.0  < 0.001 43.2 6.91–270.7  < 0.001

hsCRP 0.98 0.96–0.99 0.001 0.99 0.98–1.02 0.95

Table 3  Effect of incentive spirometry exercise on 
diaphragmatic functions in the studied patients

Incentive spirometry
N = 22

Standard Care
N = 21

p value

Diaphragmatic excursion (cm)

Rt tidal

 Baseline 1.20 ± 0.26 1.26 ± 0.22 0.62

 8 weeks 1.9 ± 0.24 1.61 ± 0.22 0.04

 p value  < 0.001 0.21 –
 Change 0.72 ± 0.33 0.36 ± 0.16  < 0.001

Rt deep

 Baseline 4.41 ± 0.55 4.23 ± 0.25 0.37

 8 weeks 5.21 ± 0.53 4.54 ± 0.21  < 0.001

 p value  < 0.001 0.64 –
 Change 0.81 ± 0.48 0.30 ± 0.18  < 0.001

Rt sniff

 Baseline 2.11 ± 0.29 2.19 ± 0.27 0.55

 8 weeks 2.71 ± 0.37 2.27 ± 0.23 0.006

 p value  < 0.001 0.17 –

 Change 0.6 ± 0.36 0.07 ± 0.15  < 0.001

Diaphragmatic thickness mm

Rt tidal insp

 Baseline 2.69 ± 0.31 2.79 ± 0.14 0.23

 8 weeks 2.78 ± 0.28 2.89 ± 0.11 0.14

 p value 0.2 0.23 –
 Change 0.09 ± 0.3 0.11 ± 0.06 0.77

Rt tidal Exp

 Baseline 1.79 ± 0.20 1.67 ± 0.22 0.18

 8 weeks 1.69 ± 0.20 1.72 ± 0.24 0.71

 p value 0.092 0.41 –
 Change 0.09 ± 0.24 0.05 ± 0.07 0.2
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Patients with DD in the present study were subse-
quently advanced to a clinical experiment where they 
were randomized to receive IS of standard care for 
DD. Patients in the IS arm showed significant improve-
ment of diaphragmatic excursion after 8-week training 
protocol.

Interestingly, no corresponding improvement was 
noted regarding diaphragmatic thickness. This is prob-
ably attributed to the muscle wasting commonly seen in 
this population. In fact, some studies reported that HD 
patients failed to gain muscle mass after exercise while 
others identified improved muscle mass in response to 
exercise protocols as shown by one systematic review 
[29].

The positive impact of IS in HD patients is probably 
attributed to improved pulmonary functions and blood 
gases as suggested by previous studies. In one study, IS 
proved to be effective in improving arterial blood gases, 
pulmonary functions tests and diaphragmatic excursion 
in chronic obstructive pulmonary disease patients [30]. 
In diabetic patients, it was reported that IS improved 
all cardiopulmonary functions, functional capacity 
and event glycemic control [31]. Similar findings were 
recognized in stroke patients where flow-oriented IS 
outperformed volume oriented IS and diaphragmatic 
breathing [14]. Also, the study of Ribeiro et  al. [32] 
concluded that use of IS in Parkinson’s disease was 
associated with markedly improved pulmonary func-
tions. In conclusion, DD is commonly encountered in 
HD patients. Probable risk factors include longer HD 
duration and low albumin levels. Use of IS can improve 
diaphragmatic excursion in affected patients. However, 
these conclusions are limited by the fact that this is a 

single-center study. Moreover, the long-term effects of 
IS training on HD patients’ health outcomes and quality 
of life wasn’t studied. It’s also recommended to assess 
the relation between sarcopenia and frailty commonly 
seen in HD patients and DD.
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