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Abstract 

Background: Respiratory muscle weakness in chronic kidney disease (CKD) is described by decline 

in lung function and respiratory pressures in patients who are still in the conservative stage of the 

treatment. Objective: To assess respiratory muscle strength and lung function in patients in stages 

4 and 5 of CKD. Methods: It was a cross-sectional study developed between February and July 2015 

at an university hospital, and approved by the Institutional Ethics Committee (Report No. 

1.360.173). Patients of both sexes, aged between 18 and 59 years, and diagnosed with CKD stages 4 

and 5 non-dialytic were included. There were collected information about gender, age, comorbidi-

ties, and length of treatment for kidney disease. Inspiratory and expiratory muscle strength (mano-

vacuometry) and lung function [forced expiratory volume in the first second (FEV1), forced vital 

capacity (FVC), FEV1/FVC ratio, and peak expiratory flow (PEF) (portable digital spirometer)] were 

assessed. Results: 22 patients in the CKD stages 4 and 5 participated of this study, they presented a 

prevalence of inspiratory muscle weakness of 70% and 75% and expiratory muscle weakness 90% 

and 83.3%, respectively. In terms of lung function, patients in the CKD stage 4 had lower spiromet-

rics values. Conclusion: Patients in the stages 4 and 5 of CKD undergoing by the conservative treat-

ment had reduced respiratory muscle strength and changes in the pulmonary function. 

Keywords: Renal insufficiency; respiratory muscles; maximal respiratory pressures; spi-

rometry; muscle weakness. 

 

BACKGROUND 

      Uremic sarcopenia in chronic kidney disease (CKD) is a systemic process triggered 

by chronic anemia, increased muscle-protein catabolism, malnutrition, chronic 

inflammation, and metabolic acidosis. This process results in deterioration of muscle 

function(1–3) and weakness of the respiratory muscles. This weakness characterizes the 

decline in lung function and maximum inspiratory and expiratory pressures(4,5).    

Although it is known that patients undergoing dialysis treatment present changes in the 

functions of the respiratory system resulting from the accumulation and extravasation of 

liquids, changes in the uptake, consumption, and transport of oxygen, and protein-muscle 

deficit(5–7) , the pulmonary function of patients in a conservative stage of CKD still needs 

to be investigated due to the scarcity of studies in the literature(4,5) . 

      Thus, considering the possible repercussions of CKD on respiratory muscle 

strength and lung function in these patients undergoing conservative treatment, the 

objective of the present study was to evaluate respiratory muscle strength and lung 

function in patients in stages 4 and 5 of non-dialysis CKD.  
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METHODS 

      A cross-sectional study was carried out in the nephrology outpatient clinic of a 

university (Hospital das Clínicas) from February to July 2015. The study was approved by 

the institutional ethics committee (Report No. 1,360,173) in accordance with Resolution 

466/12 of the National Health Council and respects the Declaration of Helsinki (1964)(8,9).      

The sample was selected by convenience, consisting of patients treated at the outpatient 

clinic during the study period. Patients of both sexes were included, with an established 

age between 18 and 59, a diagnosis of CKD confirmed in stages 4 and 5 without dialysis, 

and the ability to perform the evaluation procedures(10). Patients with previous lung 

disease and spirometric changes, acute heart disease, using drugs that affected lung 

function and respiratory muscle strength (anticholinergics, bronchodilators, and 

corticosteroids), hemodynamically unstable (systolic blood pressure [SBP] > 160 mmHg 

and dyastolic blood pressure [DBP] > 100) were excluded—mmHg), undergoing 

physiotherapeutic monitoring, smokers and history of hospital admission in the last three 

months. 

      Initially, information was collected on sex and age, presence of comorbidities, CKD 

staging and treatment time, renal function, smoking, and alcohol consumption. Renal 

function was assessed based on the glomerular filtration rate (eGFR) estimate from the 

equation developed(11) and made available for calculation through an online tool(12). 

Participants were grouped into stages 4 and 5 of CKD when they presented a GFR 

between 15-29 mL/min/1.73 m2 and less than or equal to 15 mL/mlin/1.73 m2, 

respectively(10). 

Respiratory Muscle Strength 

      Maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP) 

were assessed using a digital manometer (MVD-300, Globalmed, Brazil). To determine 

MIP, individuals were instructed to perform a maximum inspiratory effort based on the 

residual volume and, for MEP, a maximum expiratory effort based on total lung 

capacity(13). Maximum respiratory pressures were evaluated according to the American 

Standard Thoracic Society (ATS)(14). At least three reproducible maneuvers were 

performed with a difference of up to 10% between each measurement, with the highest 

value being considered. The predicted values of MIP and MEP were estimated based on 

the normality equations proposed by Neder et al.(15), and the reference values expected for 

the Brazilian population were adopted(16). Muscle strength was classified as “muscle 

weakness” (MIP < 60cmH2O and MEP < 120 cmH2O for women and MIP < 80 cmH2O 

and MEP < 150 cmH2O for men) and “no weakness” when the values were equal to or 

higher than the predicted values. 

Lung Function 

      The pulmonary function test was performed using a portable digital spirometer 

(MicroLoop, Viasys Healthcare®, England). The forced expiratory volume in one second 

(FEV1), forced vital capacity (FVC), FEV1/FVC ratio was measured and peak expiratory 

flow (PEF) in predicted, absolute and percentage values, according to the standards 

described by ATS(16,17). Three reproducible measurements were taken, with a maximum 

variation of 10% between them, with the highest value being considered. Lung 
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involvement was classified according to the guidelines established by the Brazilian 

Society of Pneumology and Phthisiology(18). 

Statistical analysis 

      The results of continuous variables were expressed as means and 95% confidence 

intervals. Categorical variables were expressed in relative and absolute values. Initially, 

normality distribution and homogeneity of variances were verified using the Shapiro-

Wilk and Levene tests, respectively. Patients with stages 4 and 5 of CKD were compared 

regarding the continuous variables of interest using the Student's t-test for independent 

samples. The prevalence of respiratory muscle weakness was verified, and the 

comparison between groups in stages 4 and 5 was analyzed using Fisher's exact test to 

consider the categorical variables. Statistical analysis was performed using the SPSS 

program (IBM, Chicago, IL, USA) version 25.0, and p < 0.05 was adopted as significant. 

RESULTS 

      The characteristics of the 22 patients are described in Table 1. Patients with CKD in 

stage 4 had a longer smoking period of 127.20 months (7.42 - 246.98; p=0.040). 

Table 1. Characterization of patients with chronic kidney disease stages 4 and 5 

Notes*: CKD = chronic kidney disease; CI = confidence interval; BMI = body mass index.  

       Table 2 presents the characteristics of the patients regarding th performance of 

respiratory muscle strength and lung function.  

Variables CKD Stage  CKD Stage 5 mean (95% CI) mean (95% CI) 

Idade (years) 42,50 (33,23 - 51,77) 42,83 (35,93 - 49,74) 

Sex n (%)   

  Feminine 4 (40) 7 (58,3) 

  Masculine 6 (60) 5 (41,7) 

Weight (Kg) 64,18 (55,31 - 73,04) 72,86 (60,59 - 85,14) 

Height (cm) 162,10 (155,19 - 169,01) 162,17 (155,61 - 168,72) 

BMI (Kg/m2) 24,23 (22,36 - 26,10) 27,44 (23,79 - 31,09) 

Clinics    

Staging n (%) 

Treament time (months) 

 

10 (45,45) 

56,40 (5,81 - 106,99) 

 

12 (54,55) 

51,33 (18,52 - 84,15) 

Comorbidities n (%) 

   0 to 1 

   2 or more 

 

8 (80) 

2 (20) 

 

6 (50) 

6 (50) 

Lifestyle n (%) 

   Alcoholism 

   Active smoking 

   Ex smorker 

 

2 (20) 

1 (10) 

3 (30) 

 

0 (0) 

0 (0) 

4 (33,3) 
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Table 2. Respiratory muscle strength and lung function of patients with chronic kidney disease stages 4 and 5. 

Variables 

CKD Stage 4 CKD Stage 5 

p-value 

Mean (95% CI) Mean (95% CI) 

RMF 

  IPmáx (cmH2O) 63,90 (46,54 - 81,26) 65,75 (50,89 - 80,61) 0,858 

  EPmáx (cmH2O) 83,80 (56,45 - 111,15) 94,33 (70,93 - 117,73) 0,519 

Predicted FMR 

  IPmáx (cmH2O) 107,92 (96,70 - 119,14) 102,05 (92,49 - 111,61) 0,382 

  EPmáx (cmH2O) 113,95 (99,65 – 128,25) 106,26 (93,74 – 118,78) 0,376 

FMR Predicted Performance 

  IPmáx (%) 58,84 (46,15 - 71,52) 63,74 (52,13 - 75,34) 0,533 

  EPmáx (%) 71,95 (54,53 - 89,37) 87,98 (71,16 - 104,80) 0,158 

Lung Function 

  FEV1 (% prev.) 69,70 (55,14 - 84,26) 86,50 (76,14 - 96,86) 0,044 

  CVF (% prev.) 75,80 (64,22 - 87,38) 87,42 (76,18 - 98,65) 0,127 

  PEF (% prev.) 50,60 (38,55 - 62,65) 69,58 (56,30 - 82,87) 0,032 

  FEV1/FVC 75,10 (69,22 - 80,98)  82,33 (72,21 - 87,45) 0,051 

Notes*: CKD: chronic kidney disease; CI: confidence interval; RMF: respiratory muscle strength; MIP: maximum inspiratory pressure; MEP: 

maximum expiratory pressure; FEV1 % predicted: forced expiratory volume in the first second, percentage of predicted; FVC % predicted: forced 

vital capacity, percentage of predicted; PEF % predicted: peak expiratory flow, percentage of predicted; FEV1/FVC ratio. Student's t test, p < 0.05. 

      Regarding the prevalence of respiratory muscle weakness in stages 4 and 5 of CKD, 

70% and 75% presented inspiratory muscle weakness, respectively, while expiratory 

muscle weakness was observed in 90% and 83.3% for the respective stages. Women had a 

higher prevalence of muscle weakness in both stages, with 81.8% (n=3) for inspiratory 

muscle weakness and 100% for expiratory muscle weakness (n=7), respectively. 

Regarding lung function, patients in CKD stage 4 had lower numerical spirometric values 

than those in stage 5 (Table 2). 

DISCUSSION 

      The present study found a high prevalence of inspiratory and expiratory muscle 

weakness in patients with both stages of CKD undergoing conservative treatment. A 

reduction in spirometric values was also observed in patients in stage 4 of CKD. 

Respiratory changes are frequent in patients with advanced degrees of CKD due to 

circulatory and interstitial volume overload, and changes in respiratory mechanics are 

developed, predisposing to weakness of the respiratory muscles(19). In this study, 

respiratory muscle weakness compromised patients' inspiratory and expiratory muscles 

in the conservative stage of CKD treatment. Faria et al. (2013) investigated the respiratory 

muscle function of pre-dialysis patients with a 33.3% reduction in inspiratory and 

expiratory muscle strength(20). In a previous study, these authors found the presence of 

respiratory muscle weakness since stage 3 of CKD and attributed this finding to a possible 

multicausal origin(21) . 



Muscle strength and pulmonary function in chronic kidney disease da Rocha, L.G. et al. 
 

5 

 

      A relevant finding was found in patients with CKD in stage 4 regarding the 

spirometric reduction in relation to those in stage 5; however, it can be seen that the former 

had a longer exposure time to smoke. Exposure to harmful particles and gases can damage 

the structures of the lung parenchyma and vasculature, releasing inflammatory 

substances(22) . 

      The results of this study are similar to those described by Navaneethan et al. (2016), 

who observed both obstructive and restrictive changes in patients with CKD and found 

that the reduction in FEV1 was associated with smoking, female gender, and 

albuminuria(23). 

 Hypoxemia, by activating inflammatory mechanisms and oxidative stress, 

can be a possible explanation for our study's findings in relation to the reduction in lung 

function. Still, in agreement with the findings of the study by Navaneethan et al. (2016), 

hypoxemia worsens albuminuria, in addition to the presence of vasculitis and increased 

extracellular volume in CKD, compromising the restrictive component of lung function(23). 

      This study detected changes in respiratory muscle strength and lung function in 

patients with stages 4 and 5 of CKD in a conservative stage. The impairment of lung 

function in stage 4 patients who had a more prolonged exposure to smoke is noteworthy. 

      Assessing respiratory muscle strength and lung function in patients in the 

conservative stage of CKD is necessary in clinical practice(23). Although the present study 

did not evaluate lung function after using a bronchodilator, the results drew attention 

because they detected a reduction in lung function and respiratory muscle strength in a 

pre-dialysis phase. This finding may be a one-off, not representing the reality of patients 

with CKD in these stages. Therefore, studies with a more significant number of patients 

could be developed to verify which obstructive and restrictive components represent the 

most frequently expected changes for this patient population. 

CONCLUSION 

      Patients in stages 4 and 5 of CKD undergoing conservative treatment showed 

reduced respiratory muscle strength and changes in lung function. Although this finding 

may represent a particularity of the sample in this study, respiratory functional 

assessment is necessary in clinical practice, especially when taking into account that CKD 

is a chronic, progressive disease with multiple clinical-functional manifestations. 
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