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Abstract

Background As lung impairment is an indicator of
increased morbidity and mortality in patients receiving
continuous ambulatory peritoneal dialysis (CAPD), the risk
factors associated with impaired lung function are of great
significance. The aim of this study is to elucidate the
effects of inflammatory biomarkers and dialysis adequacy
on pulmonary function, in CAPD patients.

Methods 101 patients undergoing CAPD, 30 CKDS5
patients and 30 healthy subjects were enrolled. Spirometry
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and serum biomarkers were evaluated in each subject.
Pulmonary function was compared among patients and
control groups. Pearson analysis was used to analyze the
correlation between serum biomarkers, dialysis adequacy
and pulmonary function.

Results Lower vital capacity, maximal voluntary venti-
lation (MVV), forced vital capacity (FVC), peak expiratory
flow (PEF), maximal mid-expiratory flow rate (MMEF),
and diffusing capacity of the lung for carbon monoxide
(DLCO) were observed in the CAPD group (all P < 0.05)
when compared with control subjects. DLCO % was neg-
atively correlated with CRP (r = —0.349, P = 0.007) and
positively correlated with albumin (» = 0.401, P = 0.002).
Total Kt/V was associated positively with MMEF %

(r=0316, P =0.019), and MVV % (r=0.362,
P = 0.007). nPNA was positively correlated with FVC %
(r=20.295 P=0.049) and MMEF % (r= 0.381,
P = 0.010).

Conclusion The results suggest that lung function decli-
ne was directly related to higher CRP level, hypoalbu-
minemia, and dialysis inadequacy. These findings provide
the evidence that inflammation and dialysis adequacy play
a role in predicting outcomes of CAPD patients with pul-
monary impairment.

Keywords Continuous ambulatory peritoneal dialysis -
End-stage renal disease - Pulmonary function -
Inflammatory biomarkers - Dialysis adequacy

Abbreviations

CAPD  Continuous ambulatory peritoneal dialysis
CGN Chronic glomerulonephritis

DN Diabetic nephropathy

RPGN  Rapidly progressive glomerulonephritis
CIN Chronic interstitial nephritis
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NS Nephrotic syndrome Materials and methods

VRKD Vasculitis-related kidney damage

PD Peritoneal dialysis Patients

ESRD  End-stage renal disease

CRP C-reactive protein The study sample comprised 101 patients who had under-

vC Vital capacity

FvC Forced vital capacity
MVV Maximal voluntary ventilation
FEV, Forced expiratory volume in the first second

PEF Peak expiratory flow

MMEF Maximal mid-expiratory flow rate

DLCO Diffusing capacity of the lung for carbon
monoxide

Alb Albumin

ESR Erythrocyte sedimentation rate

Kt/'V Renal urea clearance index

CCR Creatinine clearance rate

rGFR Residual glomerular filtration rate

nPNA  Normalized protein equivalent of nitrogen
appearance rate

Introduction

Continuous ambulatory peritoneal dialysis (CAPD) is an
important treatment for end-stage renal disease (ESRD),
which may affect virtually every system and commonly
involves the lungs [1]. Patients undergoing dialysis are
exposed to continuous pulmonary injuries from multi-
factorial origin, such as hormonal and metabolic
derangement associated with ESRD. This may induce
pulmonary vascular alterations and airway resistance. As
low lung function is an indicator of increased morbidity
and mortality, the risk factors associated with impaired
lung function are of great importance. Approximately
30-50 % of patients with ESRD have elevated serum
levels of C-reactive protein (CRP), a marker of systemic
inflammation [2, 3]. CRP has been identified as an index
of chronic inflammation in patients receiving dialysis.
Investigators have found that cardiovascular diseases are
related directly to high CRP levels and inflammation is
an important risk factor for lung impairment in patients
receiving CAPD [4, 5]. Dialysis adequacy is also
important for patients undergoing CAPD, as inadequacy
induces volume overload and malnutrition, followed by
lung deficits. Thus, the purpose of our study is to
investigate the correlation between inflammatory
biomarkers, dialysis adequacy and lung function in
patients receiving CAPD.
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gone CAPD in the nephrology department of the First
Affiliated Hospital of Anhui Medical University from April
2012 toMarch 2013. The inclusion criteria were >2 months
of CAPD. The study excluded subjects aged >70 years,
those currently using drugs affecting the lung and respi-
ratory muscles, those with chronic bronchitis, bronchial
asthma, interstitial lung disease, pulmonary tuberculosis,
history of chronic chest and lung inflammation, active lung
infection, and those developing peritoneal dialysis—related
peritonitis within 1 month. Control groups were classified
into two, respectively 30 healthy subjects selected from
outpatient medical centers, and 30 patients in chronic
kidney disease stage 5 (CKDS5) who had not received
CAPD therapy. The 3 groups were basically equivalent
regarding the subjects’ sex, age, and hypertension.The
protocol was approved by the medical ehtics committee of
the first affiliated hospital of Anhui Medical University,
and the approval number was AF/SC-08/02.0.

Treatment protocol

All patients had CAPD with 1.5-2.5 % dextrose solution
(Baxter), three to five dwell periods, and 6-10 L total
volume, according to the type of dialysis membrane
transport and clinical symptoms. Following routine pro-
cedure, peritoneal dialysate was preserved for 4-6 h in
each dwell period. All patients were treated with necessary
medications, i.e. antihypertensive drugs (Nitrendipine,
nifedipine, amlodipine, felodipine, urapidil, Metoprolol),
erythropoietin, calcium, vitamin D. No antibiotic was used
in the patients.

Spirometric assessment

Standardized pulmonary function tests were performed
with a spirometer (MS-IOS; Jaeger, Germany). The fol-
lowing measurements were obtained: vital capacity (VC)
and forced vital capacity (FVC); maximal voluntary ven-
tilation (MVV); forced expiratory volume in the first sec-
ond (FEV,); peak expiratory flow (PEF); maximal mid-
expiratory flow rate (MMEF); and diffusing capacity of the
lung for carbon monoxide (DLCO). Values were calculated
as % predicted using appropriate normal values for each
patient’s sex, age, height, and weight.
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Detection of serum biomarkers

Blood samples were collected in the morning. Serum levels
of C-reactive protein (CRP), ferritin (Fer), and albumin
were assessed with a modular automatic biochemical ana-
lyzer (Roche). Erythrocyte sedimentation rates (ESRs)
were measured using an automatic ESR analyzer (Vital
Diagnostics s.r.l., Italy).

Assessment of residual renal function, overnight
urea clearance, and creatinine clearance

The adequacy of dialysis was assessed by measuring total,
peritoneal, and renal urea clearance indices (Kt/Vs) and
creatinine clearance rate (CCR). Peritoneal components of
these parameters were estimated from 24-h effluent dialy-
sate on the examination day, and renal components were
estimated from 24-h urine collection. Total Kt/V values
were calculated using the standard method recommended
in the kidney disease outcomes quality initiative guidelines
[6]. nPNA was calculated according to Bergstrom et al. [7,
8]. and normalized to standard body weight (VWatson/
0.58) using the following equation: Normalized protein
equivalent of nitrogen appearance rate, nPNA (g/kg/day)
= [13 + 0.204 x urea appearance (mmol/day) + protein
loss (g/day)]/(VWatson/0.58).

Statistical analyses

Continuous variables were reported as means £ standard
deviations. Categorical variables were reported as propor-
tion. Independent sample ¢ test was used to compare the
differences for two groups. ONE WAY ANOVA was used
to compare the differences inthree groups. Chi square test
was performed to compare the difference for categorical
variables. A P value < 0.05 was considered to indicate
statistical significance. Pearson correlation analysis was
used to determine associations between biomarker values
and FEV1 and FVC. All analysis was performed using
SPSS software (version 12.0).

Results
Characteristics and PFT of the study population

A total of 101 patients (47 mens, 54 womens; mean age,
44.95 £ 11.79 years) having received CAPD were enrol-
led in this study. Patients had undergone dialysis for a
mean of 10.5 months. Table 1 presents characteristics of
the study population and etiology of renal failure.

Table 2 shows differences in lung function values
between patients having had CAPD and control subjects.

It’s found that VC, FVC, FEV,, PEF, MMEF, MVV, and
DLCO % were significantly lower in CAPD patients than
in healthy subjects (all P < 0.05), but there was no sig-
nificant difference in VC, FVC, or FEV; % between CAPD
patients and CKDS5 patients. These results indicated that
CAPD therapy, by itself, did not affect the pulmonary
ventilation function. However, DLCO % was lower in
CAPD patients than in CKD5 patients.

Biomarkers, dialysis indices, and pulmonary
function

Table 3 shows the relationship between biomarkers and
pulmonary function. There are no positive or negative
association of %#VC, %FVC, MVV, FEV1.0, PEF, MEF,
DLCO with Fer, ESR, urine volume and cardia-thoracic
ratio, CRP have negative relationship with DLCO and
PEF %, Relationship between dialysis indices and pul-
monary function are showed in Table 4 shows. Renal Kt/v
was positive associated with %VC, FEV1.0 and DLCO.
There are no positive or negative association of %VC,
%FVC, MVV, FEV1.0, PEF, MEF, DLCO with peritoneal
Kt/v, total CCR, peritoneal CCR, renal CCR, rGFR.

Pearson correlation analysis showed that CRP was
associated negatively with DLCO % (r = —0.349,
P = 0.007), and PEF % (r = —0.364, P = 0.006) meah-
while total Kt/V was associated positively with MMEF %
(r=0316, P =0.019), and MVV % (r= 0.362,
P = 0.007). Normalized protein equivalent of nitrogen
appearance rate (nPNA) was positively correlated with
FVC % (r = 0.295, P = 0.049) as well as serum albumin
was positive correlated with DLCO % (r = 0.401,
P = 0.002) (Fig. 1).

The PFT differences between the patients according
to the CRP, Alb and total Kt/V

Pearson correlation analysis showed that CRP was asso-
ciated negatively with DLCO % (r = —0.349, P = 0.007),
and PEF % (r = —0.364, P = 0.006) meahwhile total Kt/
V was associated positively with MMEF % (r = 0.316,
P =0.019), and MVV % (r = 0.362, P = 0.007). Nor-
malized protein equivalent of nitrogen appearance rate
(nPNA) was positively correlated with FVC % (r = 0.295,
P = 0.049) as well as serum albumin was positive corre-
lated with DLCO % (r = 0.401, P = 0.002) (Fig. 1).

Among CAPD patients, VC, FVC, PEF and DLCO %
values were higher in those with serum CRP
levels <10 mg/l than in those with CRP levels >10 mg/l,
and DLCO % was higher in those with serum albumin
levels >35 g/l than in those with albumin levels <35 g/l
(both P < 0.05; Table 5). No parameter differed signifi-
cantly according to serum ferritin level or ESR.
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Table 1 Baseline
characteristics of renal failure in
patients undergoing CAPD, and
differences in pulmonary
function between patients
undergoing CAPD and control
groups

Table 2 Differences in
pulmonary function between
patients undergoing CAPD,
patients with CKD5 without
CAPD, and healthy subjects

Table 3 Correlations of
pulmonary function with serum
biomarkers in patients
undergoing peritoneal dialysis
(r value)
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Characteristic CAPD group CKDS5 without CAPD Healthy subjects P value
Race Han Chinese Han Chinese Han Chinese
Sex (n/ %)

Male 28/48.28 14/48.28 15/51.72 0.95

Female 30/51.72 15/51.72 14/48.28
Age (Mean =+ SD, years) 45.70 £+ 12.07 52.78 £ 15.71 49.82 + 9.97 0.04
Alb (Mean + SD, g/l) 34.39 £ 4.67 3455 £ 753 43.32 £ 9.54 <0.001
SBP (Mean + SD, mmHg) 143 £+ 14.76 140 £+ 14.79 138 £+ 16.80 0.298
Hb (Mean + SD, g/l) 88.34 £+ 19.47 80.9 + 20.40 143 + 13.41 0.148
Cr (Mean =+ SD, umol/l) 910 + 267 744 + 123 63.34 + 12.79 0.029
BMI (Mean + SD, kg/m?) 2297 £ 322 23.65 £ 143 2291 £29 0.08
Medication

B-blocker, n/ % 15/25.4 6/20.68 3/10.34

Dialysis vintage (months) 16.45 £ 17.26 - -
Etiology of renal failure, (n/ %)

CGN 50/ 3/ -

Hypertension 18/ 12/ -

DN 8/ 6/ -

Unknown/else® 25/ 9/ -

* Included 16 patients with unknown etiology, 1 with CIN,I with NS, 2 with Gouty, 3 with obstructive
nephropathy, 1 with allergic purpura nephritis and 1 Psoriasis

Items (%) CAPD group CKD5 without CAPD Healthy subjects P value
N =101 N=130 N =30

vC 82.25 £ 18.28 79.04 £+ 16.13 98.89 + 11.00%* <0.001
FVC 82.45 £+ 18.59 79.06 £+ 16.69 98.58 + 12.00%* <0.001
MVV 75.85 £+ 24.36 75.94 + 24.67 91.71 £ 22.05+* 0.01
FEV1 85.03 £ 20.02 86.79 &+ 19.55 101.84 + 12.95+* <0.001
PEF 77.54 4+ 2451° 59.63 + 24.0 89.41 + 18.99%* <0.001
MEF 77.85 + 34.08° 87.04 £ 39.07 104.41 + 26.29%* 0.003
DLCO 56.12 + 15.40° 70.92 £+ 20.63 86.48 £ 10.93+* <0.001
Mean + SD

£ P < 0.05 between CAPD and CKD5 without CAPD
* P < 0.05 between CAPD and healthy subjects
# P < 0.05 between CKD35 without CAPD and healthy subjects

Items (%) CRP Alb Fer ESR Urine volume Cardio-thoracic ratio
VC -0.205 0.147 -0.036 -0.089 0.124 -0.147
FVC -0.207 0.141 -0.02 -0.074 0.104 -0.147
FEV1 -0.183 0.12 -0.097 -0.118 0.146 -0.124
PEF —-0.338* 0.122 -0.004 0.078 0.111 0.076
MMEF -0.169 0.224 -0.084 0.123 0.101 -0.128
MVV -0.204 0.136 -0.084 0.066 0.098 -0.084
DLCO -0.381%* 0.350%* -0.163 -0.033 0.195 -0.019

r values obtained by Pearson correlation analysis are presented

* P <0.05
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Table 4 Correlations of pulmonary function with dialysis indices in patients undergoing peritoneal dialysis (r value)
Items (%) Total Kt/V Peritoneal Kt/V Renal Kt/V Total CCR Peritoneal CCR Renal CCR RGFR NPNA
VC 0.184 0.241 0.256 0.156 0.155 —0.011 0.104 0.253
FvC 0.209 0.236 0.277* 0.166 0.178 0.001 0.117 0.295*
FEV1 0.232 0.221 0.298* 0.093 0.014 0.061 0.105 0.317
PEF 0.192 0.207 0.194 0.114 0.006 0.008 0.092 0.5
MMEF 0.316* 0.192 0.206 0.008 0.008 0.029 0.09 0.381*
MVV 0.362* 0.119 0.201 0.104 0.054 0.025 0.085 0.278
DLCO 0.169 0.066 0.278* 0.229 0.000 0.112 0.215 0.156
r values obtained by Pearson correlation analysis are presented
* P <0.05
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Fig. 1 Associations of pulmonary function with serum biomarkers
and dialysis indices in patients undergoing peritoneal dialysis
(R value). DLCO % was negatively correlated with CRP
(r = —0.349, P =0.007) and positively correlated with albumin
(r =0.401, P = 0.002). PEF % was negatively correlated with CRP

According to dialysis indices, patients with Kt/V
values >1.7 had higher MMEF, and MVV % than
those with Kt/V values <1.7 (all P < 0.05). Patients
with residual glomerular filtration rates
(rGFRs) >1 ml/min had higher DLCO % than those
with rGFRs <1 ml/min (both P < 0.05). FVC, PEF,
MMEF, and MVV % were higher in patients with
nPNA >1 g/kg days than in those with nPNA <I g/
kg days (all P < 0.05; Table 6).

(r =0.364, P = 0.006). Total Kt/V was associated positively with
MMEF % (r =0.316, P =0.019), and MVV % (r=0.362,
P =0.007). nPNA was positively correlated with FVC %
(r = 0.295, P = 0.049)

Discussion

It is well-known that a number of respiratory complications
occur in patients with chronic renal failure (CRF). Com-
mon expressions of the uraemic lung are pulmonary edema,
fibrosis, pulmonary hypertension, haemosiderosis and
pleural effusion. In the present study, we observed overall
significant pulmonary deficits in CAPD patients. Having
ruled out suchconfounding factors assex, age, and smoking,
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T|I§F=8 =8 &3 we detected that lung function was worse in CAPD patients
lesx2383 = when compared with control subjects. This detection was
< ﬂ g ;H\ f f ﬁ j consistent with previous study [9]. Serum albumin of
§ JoaonT e CAPD and CKDS5 patients were less than normal,sug-
~ 0~ 00 ~ I~ O < . . . :
gesting that Uremic patients usually had hypoalbumine-
mia. However,there were no significant differencesin
8129 883a8k age,blood pressure and sex ratio among three groups.
ﬁ 1883 @82 We demonstrated for the first time that lung function
Els ﬁ g j: g j i f decline was associated with inflammation, dialysis inade-
% ‘ﬁ R I quacy and thus provided evidence for physicians to prevent
*EeEe reduced lung functionin CAPD patients. To the best of our
g p
knowledge, this is the first study to address the relationship
Sloxogo=vo between inflammation, dialysis adequacy and pulmonary
|9 3w g dysfunction in PD patients. CRP is produced by human
ElH H HHHHH hepatocytes in response to inflammation, infection, or tis-
Sl§8&88c 2= sue damage.In the normal population, CRP is present at
Ve 888 RRE very low levels. Levels <1 mg/dl are considered insignif-
icant, Levels from 1 to 10 mg/dl are considered moderately
. elevated, and levels >10 mg/dl are markedly elevated so
T+ v 0 o © ©
T - & S A& x M 10 mg/1 has been seen as the cut off value for CRP. In our
AN O — O O O O . .
o = ; ; : : : : ; study, VC, FVC, PEF, and DLCO % were significantly
3 Slogroggasg lower in patients with elevated serum CRP levels, and that
A Sl lhNlS s g n CRP levels were correlated negatively with DLCO and
©n PEF %, which coincided with previously reported inverse
4: cross-sectional associations between CRP and spirometric
< .
) SISET =258 & measures of lung function (FEV, and FVC) [10-13]. The
= Sl kS = =< °. :
P |- = a8 eaa —~ observed association between CRP and lung function was
< s ﬁ ﬁ f j, i i i also in consistence with data from several longitudinal
g Wl ann S : ; ‘ot
g Jlegd e = studies documenting an association between the rate of
B FEV, decline and CRP level [14, 15]. Some researchers
=] . . .
o further noted an inverse relationship between CRP level
% Slm2zog e and FEV/ in adults aged 26-32 years [10], and a high CRP
3 TT ® X N =R level at the age of 20 years was also found to be associated
g %; ElHHHHHHAH with greater declines in FEV; and FVC measured at the
a4 E § § § -E § § age of 29 years [16]. However, theage ranges in these
L:D RN B studies were markedly different from our study samples,
gﬁ andCRP level varied with age and ethnicity. In this way,
3 slagsezzee our study further proved and complemented their finding.
5 ‘ﬁ ssgd¥s < Further evidence of a link between systemic inflammation
E =l HHHHHHAH and pulmonary impairment has been reported in the form
‘é S|l= 8% i 2 & f of an attenuation of pulmonary function decline
v N X — . . . .
k= A attributable to statins, which may have inflammatory
§ effects [17]. Poor lung function has also been found to be
§ . % * % related to CRP level, leukocyte count, and vascular cell
Wl S I adhesion molecule 1 level [18]. Similarly, elevated CRP
= = . . . . .
= Eo l ; ; ; : : ; ; and fibrinogen levels and leukocyte counts in individuals
Ol T o o & © = with chronic obstructive pulmonary disease (COPD) were
slg|Slaz8ean o . . . .
% Ulnleexsggr associated with increased risk of COPD exacerbation [19].
é Longitudinal observational evidence has suggested that
S - increases in systemic inflammation are associated with
wn § . 8 declines in lung function [20].
% % o9 E‘ . E ; § c\: Current hypotheses state that the increased CRP reflects
== > L DA ==Aalx the severity of an “inflammatory state,” in dialysis
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s|l88hz8 &K patients, the inflammation can be caused by dialysis
VI? S8 ak&I = itself.An abnormally elevated serum high-sensitivity
o | oA A C-reactive protein (hs-CRP) level can cause airwa
Slegrgrgy b Ve a
v’ 6 S % g E S o epithelial cell damage and a decline in pulmonary function
[21]. In patients with COPD, serum hs-CRP levels are in
2 proportion todisease severity and thus are negatively cor-
£ . . .\ .
3 0 o o o o = o related with patients’ condition [22]. Proinflammatory
wlale = =% %03 e infl . . ine the ubiquitin.
S| ¥[8 68 gl o cytokines cause inflammation, triggering the ubiquitin
f i HHHHHHAH proteasome channel to break down proteins, and thereby
zZ ZIER82EKXER causing muscle loss. This process potentially results in
N © 0 O I 0 . . . . .
ZIn| 8B R L6 R lung damage in patients with chronic renal failure. CRP
may contribute to persistent obstruction of proximal pul-
|zeanms =g monary a%rteries in chr9nic thromboernboli.c pulmonary
AladadsE hypertension by promoting vascular remodeling, endothe-
Tl 4 HH+HHHAH lial dysfunction, and in situ thrombosis [23].
i San8d88 e Our data also demonstrated the lung damage occurred in
VIRRRREEEZ® CAPD patients with declining residual renal function and
inadequate dialysis. MMEF, and MVV % were higher in
= . patients with Kt/V values >1.7 than the other patients.
a8 FF 2838 DLCO % were higher in patients with residual glomerular
E I ; ; : : : : ; filtration rates (rGFRs) >1 ml/min than in those with
AlE|[E]la v oaaon < rGFRs <1 ml/min. Residual renal function decline resulted
Sl |T|l8 8 38aa& I . . ;
Ol=| 5 & 0 = ¥ a2 in volume overload and increased pulmonary capillar
H | Al|] 0 0 6 © 0 &= O ) ) > P y p y
g hydrostatic pressure in these patients. Increased vascular
§ permeability, fluid overload, and low serum albumin con-
Py gl¥ER 2% d 53 centration are favorable conditions for pulmonary ede-
'—;;) | ===8388%= ma in the patients with acute kidney injury [24]. Uremic
‘@ < ﬁ i jj jj f 2 j pulmonary edema may have progressed to interstitial
% \9) % § % 12 5 5 § fibrosis, which in turn can lead to thickening of the alveolar
S g capillary membrane [25], affecting pulmonary diffusion
‘ED 2 and causing airway obstruction. On the other hand the
'-§ Sllgasgeegy negative correlation between RRF and CRP suggested that
S| |an s =0 g g8
3 SR SR8 H& a reduction in renal function aggravated the inflammatory
g s j 3 f i j ﬂ ﬁ state through retention of pro-inflammatory mediators.
& E % Soonsdg Renal failure was associated with increases in inflamma-
L:D e EE tory mediators, including CRP and interleukin 6, which
gﬁ could be the result of increased monocyte activation or
3 N e O e impaired clearance of inflammatory mediators.
= n|le ez n = o hological diti
3 lsssgsaxgge Furthermore, the most common pathological condition
E ElHHHHHHA of the lungs in chronic renal failure is pulmonary edema,
‘é ) % ﬁ i % ;’: 5 f usually due to a combination of fluid overload and
= VIE B &= v omn abnormal permeability of the pulmonary circulation. Vol-
g ume overload is a common problem in patients undergoing
2 % % peritoneal dialysis and may contribute to the high cardiac
2 Al Qv =0 n ow . : . .
D R R mortality in this population [26-28]. Lung congestion is a
lolif|eeLgs de y S PP : ne |
2 S| = ; " ; : : : " relevant factor in the poor physical functioning of CKD-5D
E IR EEE patients. Reducing asymptomatic lung congestion may
AN R translate into improved physical functioning in PD patients
2| B Al o 0 & 0 © 0 » p phy g p
é [29]. Inflammatory response and accumulation of proin-
S - flammatory cytokines have been found to contribute to
© § . S muscle wasting by stimulating protein catabolism via the
% 2 o9 S E ; § c\: ubiquitin—proteasome pathway. This process may also
=2 SEERESSAl. affect respiratory muscles, potentially contributing to
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impaired pulmonary function in patients receiving CAPD
[30].

Another important prognostic indicator is serum albu-
min level in CAPD patients. Our study showed that
DLCO % was positively correlated with this indicator.
Other investigators found that albumin levels <4.1 mg/dl
predicted low FEV, [31]. Hypoalbuminemia is acommon
complication in PD patients and the causes of hypoalbu-
minemia are complex such as malnutrition, aging, excess
protein loss through the peritoneal membrane, ultrafiltra-
tion failure, and systemic inflammation [32, 33]. Hypoal-
buminemia reduces plasma colloid osmotic pressure. Fluid
retention and left ventricular dysfunction induce an
increase in pulmonary intravascular hydrostatic pressure,
resulting in pulmonary interstitial edema. Pulmonary
interstitial edema increases the diffuse distance, pulmonary
fibrosis and anemia decreases the gas-diffusing capacity,
causing a reduction in hemoglobin-carried oxygen. Fur-
thermore, because pulmonary diffusion capacity decreases
pulmonary ventilation, lung function is affected.

In conclusion, our results suggest that pulmonary
decline is associated with chronic inflammation and
hypoproteinemia. Dialysis inadequacy and the loss of
residual renal function also contribute to the development
of pulmonary dysfunction. In one word, inflammation,
dialysis inadequacy and hypoproteinemia are risk factors of
pulmonary impairment in CAPD patients, clinicians should
seek to keep away from chronic inflammation and malnu-
trition, enhance dialysis adequacy, and delay the loss of
residual renal function, so that pulmonary ventilation can
be improved and ventilatory dysfunction avoided, and
eventually better patient outcomes achieved.

This study does have some limitations. It was conducted
on a small selection of CAPD patients at one center, lim-
iting the generalizability of our findings. Expansion of the
sample size and the inclusion of patients from multiple
centers would have produced more convincing results.
Further research is needed on treatments to prevent mor-
bidity and mortality in patients with respiratory disorders.
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