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Airflow Limitation, Fatigue, and Health-Related
Quality of Life in Kidney Transplant Recipients

Tim J. Knobbe ,1 Daan Kremer ,1 Michele F. Eisenga ,1 Marco van Londen,1 Ant�onio W. Gomes-Neto ,1

Rianne M. Douwes ,1 C. Tji Gan,2 Eva Corpeleijn,3 Coby Annema,4 Gerjan Navis,1 Stefan P. Berger ,1 and
Stephan J.L. Bakker ,1 on behalf of TransplantLines Investigators*

Abstract
Background and objectivesMany kidney transplant recipients suffer from fatigue and poor health-related quality
of life. Airflow limitation may be an underappreciated comorbidity among kidney transplant recipients, which
could contribute to fatigue and lower health-related quality of life in this population. In this study, we compared
the prevalence of airflow limitation between kidney transplant recipients and healthy controls and investigated
associations of airflow limitation with fatigue and health-related quality of life in kidney transplant recipients.

Design, setting, participants, & measurementsData from the ongoing TransplantLines Biobank and Cohort study
were used. Airflow limitation was defined as forced exhaled volume in 1 second less than the fifth percentile of
the general population. Fatigue and health-related quality of life were assessed using checklist individual
strength 20 revised (CIS20-R) and Short Form-36 (SF-36) questionnaires.

Results A total of 539 kidney transplant recipients (58% men; mean age 56613 years) and 244 healthy controls
(45% men; mean age 57610 years) were included. Prevalence of airflow limitation was higher in kidney
transplant recipients than in healthy controls (133 [25%] versus 25 [10%]). In multinomial regression models,
airflow limitation was independently associated with fatigue severity (odds ratio moderate fatigue, 1.68; 95%
confidence interval, 0.92 to 3.09 and odds ratio severe fatigue, 2.51; 95% confidence interval, 1.39 to 4.55; P50.007)
and lower physical health-related quality of life (20.11 SDs; 95% confidence interval,20.19 to20.02; P50.01) in
kidney transplant recipients. In exploratory mediation analyses, fatigue accounted for 79% of the association of
airflow limitation with physical health-related quality of life.

Conclusions Airflow limitation is common among kidney transplant recipients. Its occurrence is associated with
more than two times higher risk of severe fatigue, and it is associated with lower physical health-related quality
of life. Mediation analyses suggest that airflow limitation causes fatigue, which in turn, decreases physical health-
related quality of life.

Clinical Trial registry name and registration number: TransplantLines: The Transplantation Biobank,
NCT03272841

CJASN 16: 1686–1694, 2021. doi: https://doi.org/10.2215/CJN.06600521

Introduction
Kidney transplant recipients frequently suffer from
fatigue and have lower health-related quality of life
(HRQoL) compared with the general population (1,2).
The health status and reported HRQoL of kidney trans-
plant recipients after successful transplantation depend
largely on individual patient characteristics and comor-
bidities, rather than graft function alone (3). Conse-
quently, underlying comorbidities are increasingly rec-
ognized as key targets to reduce fatigue and improve
HRQoL among kidney transplant recipients. We pro-
pose that airflow limitation is an important, hitherto
overlooked, comorbidity after kidney transplantation.

It is well established that airflow limitation is associ-
ated with fatigue and poor HRQoL in patients with

chronic obstructive pulmonary disease (COPD) (4,5).
It is also known that airflow limitation is prevalent in
patients with other chronic diseases, including diabe-
tes, heart failure, and CKD (6–10). Whether kidney
transplant recipients are at higher risk of airflow limi-
tation and whether its occurrence is associated with
fatigue and lower HRQoL have remained unexplored
in this population to date. Importantly, airflow limita-
tion can be treated and may, therefore, serve as a ther-
apeutic target to improve fatigue and HRQoL among
kidney transplant recipients (11–14).
Among stable kidney transplant recipients, we

aimed to assess the prevalence of airflow limitation in
comparison with healthy controls and to identify
potential clinical and biochemical determinants of
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airflow limitation. In addition, we investigated the associa-
tion of prevalent airflow limitation with HRQoL and
whether this association may be mediated by fatigue to
gain insight into the potential causal pathway between air-
flow limitation and lower HRQoL in kidney transplant
recipients.

Materials and Methods
Study Population
We used data from the ongoing, prospective Transplant-

Lines Biobank and Cohort study (ClinicalTrials.gov identi-
fier NCT03272841). From June 2015, all patients with solid
organ transplants and donors (aged $18 years) of the Uni-
versity Medical Center Groningen (UMCG; The Nether-
lands) were invited to participate. All participants gave
written informed consent on enrollment. The study proto-
col was approved by the local institutional review board
(METc 2014/077), adheres to the UMCG Biobank Regula-
tion, and is in accordance with the WMA Declaration of
Helsinki. The clinical and research activities being reported
are consistent with the Principles of the Declaration of
Istanbul as outlined in the Declaration of Istanbul on Organ
Trafficking and Transplant Tourism (15). We selected stable
kidney transplant recipients with a functional graft for $1
year after transplantation with available data on airflow
limitation and HRQoL (n5539). We also included potential
living kidney donors (n5244) as healthy controls. A consort
flow diagram is shown in Supplemental Figure 1. Kidney
transplant recipients in the study sample did not differ
materially from the remaining patients in the parent cohort
(Supplemental Table 1). All study procedures were per-
formed between June 2015 and February 2020.

Assessment of Airflow Limitation
The degree of airflow limitation was measured using

forced exhaled volume in 1 second (FEV1) with an Asma-1
handheld spirometer (Vitalograph, Buckingham, United
Kingdom) (16). Participants were instructed to breathe in
maximally without the spirometer and to breathe out maxi-
mally and as fast as possible into the spirometer in a stand-
ing position. FEV1 measurements were performed thrice
per study subject, where the highest value was used
(15,17). The highest FEV1 measurements that were used in
further analyses were very strongly correlated with the
second highest FEV1 measurements (Pearson correlation
coefficient 50.98), indicating robust reliability of this mea-
surement. The predicted FEV1 was then calculated using
the GLI-2012 equation (18). The percentage of predicted
FEV1 was calculated as (FEV1/predicted FEV1)3100%. Air-
flow limitation was defined as FEV1 less than the fifth per-
centile (z score ,21.64) of an age-, sex-, height-, and
ethnicity-matched population on the basis of data from
74,187 individuals (18).

Assessment of Fatigue and Health-Related Quality of Life
Fatigue was assessed using the checklist individual

strength 20 revised (CIS20-R), where the subscore of fatigue
severity was used (19). Moderate and severe fatigue were
defined as scores $20 and $35, respectively (20,21). To
assess HRQoL, a Dutch translation of the Short Form-36

Health Survey was used. The physical component scale
(PCS) was calculated using the mean score on general
health, physical health, role limitations due to impairment
of physical health, and pain items. The mental component
scale (MCS) was calculated by averaging the scores for
emotional well-being, role limitations due to emotional
problems, impaired social functioning, and impaired vital-
ity (22,23). Higher PCS and MCS scores indicate better per-
ceived HRQoL (24).

Definitions
The eGFR was calculated with the Chronic Kidney Dis-

ease Epidemiology Collaboration equation (25). Diabetes
mellitus was defined as hemoglobin A1c $7%, a nonfasting
blood glucose $200 mg/dl, a fasting blood glucose $126
mg/dl, and/or use of antidiabetic drugs. Hypertension
was defined as systolic BP $140 mm Hg, diastolic BP $90
mm Hg, and/or use of antihypertensive medication. Infor-
mation regarding other comorbidities, including COPD,
bronchial asthma, heart failure, and sleep apnea syndrome,
was extracted from the patient records.

Statistical Analyses
Data distribution was visually assessed using histograms

and Q–Q plots. Normally distributed variables are pre-
sented as mean 6 SD, non-normally distributed variables
are presented as medians (interquartile ranges), and cate-
gorical variables are presented as n (valid percentages).
We used binary logistic regression analyses to assess

associations of clinical and biochemical parameters with
airflow limitation. Additionally, we performed multivari-
able logistic regression analyses adjusted for age and
adjusted for age and sex. We used multinomial logistic
regression analyses to investigate associations between air-
flow limitation and fatigue severity. Linear regression anal-
yses were used to assess associations of airflow limitation
with PCS and MCS. Regression coefficients were provided
as standardized b-coefficients (st. b-coefficients), referring
to the number of SDs as dependent variable changes per
SD higher value of the independent variable, with 95% con-
fidence intervals (95% CIs). In mentioned regression analy-
ses, we cumulatively adjusted for potential confounders,
including age, sex, body mass index (model 1), diabetes,
dialysis, log2 N-terminal prohormone of brain natriuretic
peptide (NT-proBNP) (model 2), smoking history, mamma-
lian target of rapamycin inhibitor use, sleep apnea syn-
drome, and COPD (model 3). No adjustment for inhalation
medication use was performed because of collinearity with
COPD. Regression analyses were performed using pairwise
exclusion. We performed mediation analyses (26) as
described by Preacher and Hayes (27) using bootstrapping
procedures with adjustment for variables present in model
3 using the R package “mediation.” The mediated propor-
tion is the ratio of the total effect to the natural indirect
effect. It thereby provides an estimate of the extent to
which the total effect is accounted for by the pathway
through the mediating variable. A large mediated propor-
tion indicates that the total effect of the exposure on the
outcome is through the mediating variable.
Statistical analyses were performed using IBM SPSS ver-

sion 25.0 (IBM Corp., Armonk, NY) with the exception of
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the mediation analyses, which were performed using R
version 3.5.1 (Vienna, Austria). Log2 or square root trans-
formations were performed if necessary to meet the
assumptions for regression analyses. To adjust for multiple
testing, a P value50.02 denoted statistical significance in
regression analyses (according to the Bonferroni method
because we assessed the following three hypotheses: [1] air-
flow limitation is associated with fatigue, [2] airflow limita-
tion is associated with mental HRQoL, and [3] airflow limi-
tation is associated with physical HRQoL).

Sensitivity Analyses
To further test for robustness of found associations, we

repeated the regression analyses with fatigue and physical
HRQoL using a cutoff value of ,2.5th percentile (z score
,21.96) of the general population to define airflow limita-
tion. Additionally, we repeated these analyses with FEV1

as a continuous variable, with additional adjustment for
height, as a generally accepted determinant of FEV1 (18).

Results
Baseline Characteristics
We included 539 kidney transplant recipients (58% men;

mean age 56613 years) and 244 healthy controls (45% men;
mean age 57610 years). Among kidney transplant recipi-
ents, median time since transplantation was 8 (3–13) years,
and 270 (50%) underwent dialysis before transplantation.
Diabetes and hypertension were prevalent among kidney
transplant recipients (27% and 88%, respectively). Preva-
lence of airflow limitation was higher in kidney transplant
recipients compared with healthy controls (133 [25%] ver-
sus 25 [10%], respectively). FEV1 of kidney transplant recip-
ients was lower than FEV1 of healthy controls both in men
and in women (men: 3.2160.76 versus 3.5460.66 L;
women: 2.3760.55 versus 2.7360.54 L). Percentage of pre-
dicted FEV1 was also lower in kidney transplant recipients
compared with healthy controls (86%616% versus
98%618%). More detailed baseline characteristics are
shown in Table 1.

Comorbidities among Kidney Transplant Recipients with
Airflow Limitation
Prevalence rates of diabetes, sleep apnea syndrome, and

COPD were higher among kidney transplant recipients
with airflow limitation compared with recipients without
airflow limitation (35% versus 24%, 7% versus 2%, and
8% versus 3%, respectively). Among recipients with airflow
limitation, 86% had hypertension, 8% had congestive heart
failure, and 5% had bronchial asthma. Prevalence rates of
these comorbidities were comparable with prevalence rates
in recipients without airflow limitation.

Analyses with Airflow Limitation as the
Dependent Variable
In univariable logistic regression analyses with airflow

limitation as the dependent variable in kidney transplant
recipients, age was inversely associated with risk of having
airflow limitation (odds ratio [OR] per 10-year increment,
0.75; 95% CI, 0.65 to 0.88). No association with sex was
found. In bivariable analyses adjusted for age, dialysis

before transplantation (OR, 1.72; 95% CI, 1.14 to 2.59), dia-
betes (OR, 2.28; 95% CI, 1.36 to 3.84), sleep apnea syndrome
(OR, 4.16; 95% CI, 1.55 to 11.14), COPD (OR, 4.02; 95% CI,
1.66 to 9.70), NT-proBNP (OR per doubling, 1.22; 95% CI,
1.09 to 1.36), mammalian target of rapamycin use (OR, 2.66;
95% CI, 1.06 to 6.65), bronchodilator use (OR, 3.52; 95% CI,
1.65 to 7.55), and inhalation steroid use (OR, 3.60; 95% CI,
1.62 to 8.02) were associated with airflow limitation. After
additional adjustment for sex, point estimates of these asso-
ciations changed slightly, as shown in Table 2.

Association of Airflow Limitation with Fatigue
Prevalence of moderate fatigue was approximately two

times higher in kidney transplant recipients compared with
healthy controls (179 [33%] versus 44 [18%]), and preva-
lence of severe fatigue was approximately seven times
higher in kidney transplant recipients compared with
healthy controls (194 [36%] versus 13 [5%]), as shown in
Supplemental Table 2. Recipients with moderate and
severe fatigue had airflow limitation more frequently com-
pared with recipients with no to mild fatigue (30% and
50% versus 20%, respectively). Univariable multinomial
analysis indicated a significant association of airflow limita-
tion with fatigue severity (OR moderate fatigue, 1.35; 95%
CI, 0.78 to 2.34 and OR severe fatigue, 2.44; 95% CI, 1.46 to
4.09; P50.001), which remained materially unchanged after
adjustment for potential confounders, as shown in Table 3.

Associations of Airflow Limitation with Health-Related
Quality of Life

Both PCS and MCS scores of HRQoL were lower among
kidney transplant recipients compared with healthy controls
(PCS: 67.2622.5 versus 90.1610.5; MCS: 76.2617.4 versus
88.2611.1) (Supplemental Table 2). Univariable linear regres-
sion analyses showed that airflow limitation was associated
with lower HRQoL in kidney transplant recipients (PCS: dif-
ference expressed as st. b520.13; 95% CI, 20.21 to 20.04;
P50.004 and MCS: difference expressed as st. b520.11; 95%
CI, 20.19 to 20.02; P50.01). The association with mental
HRQoL lost significance after adjustment for potential con-
founders, whereas the association with physical HRQoL
remained statistically significant, as shown in Table 4.

Mediation Analyses
Fatigue strongly mediated the effect of airflow limitation

on physical HRQoL (proportion mediated: 79%), indepen-
dent of adjustment for potential confounders (Supplemental
Table 3). The causal path suggested by these analyses is
shown in Figure 1.

Sensitivity Analyses
Associations of airflow limitation as defined using the

alternative cutoff value for airflow limitation (,2.5th percen-
tile) with fatigue severity and physical HRQoL were even
stronger than in primary analyses (Supplemental Tables 4
and 5). Additionally, sensitivity analyses with FEV1 as the
continuous variable, presented in Supplemental Tables 6
and 7, also showed a stronger association with physical
HRQoL compared with the primary analyses using a cutoff
for airflow limitation (PCS: difference expressed as st.
b50.28; 95% CI, 0.20 to 0.36; P,0.001).
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Discussion
We found that one in four kidney transplant recipients

had airflow limitation, which is more than twice the preva-
lence in the healthy controls group. Notably, diabetes, sleep
apnea syndrome, COPD, higher NT-proBNP, and dialysis
before transplantation were independently associated with
a higher risk of airflow limitation in kidney transplant
recipients. Airflow limitation more than doubles the risk of
experiencing severe fatigue, and it is associated with lower

physical HRQoL in kidney transplant recipients. The asso-
ciation with physical HRQoL was strongly mediated by
fatigue. This is the first study to show that airflow limita-
tion is highly prevalent among kidney transplant recipients
and that it is associated with fatigue severity and lower
physical HRQoL.
Although no previous studies have investigated the preva-

lence of airflow limitation among kidney transplant recipi-
ents, several small studies assessed FEV1 in kidney transplant

Table 1. Baseline characteristics of participants in the TransplantLines Biobank and Cohort study who have received a kidney
transplant and healthy controls

Baseline Variables Kidney Transplant Recipients Healthy Controls

Study participants, n (%) 539 244
Pulmonary assessment
Airflow limitation, n (%) 133 (25) 25 (10)
Percentage of predicted FEV1, % 86.4616.0 97.5618.4
FEV1, L

FEV1 of men 3.2160.76 3.5460.66
FEV1 of women 2.3760.55 2.7360.54

Characteristics
Men, n (%) 310 (58) 110 (45)
Age, yr 56613 57610
Height, cm 17369 174610
Weight, kg 81617 82628
Body mass index, kg/m2 2765 2768
Primary kidney disease, n (%)

Unknown 125 (23) n/a
Inflammatory disease 171 (32) n/a
Congenital and hereditary kidney disease 146 (27) n/a
Kidney vascular disease, excluding vasculitis 26 (5) n/a
Diabetic kidney disease 21 (4) n/a
Other 50 (9) n/a

Dialysis before transplantation, n (%) 270 (50) n/a
If yes, time on dialysis, yr 3 (2–5) n/a

Time since transplantation, yr 8 (3–13) n/a
Hypertension, n (%) 477 (88) 65 (27)
Diabetes, n (%) 143 (27) 2 (0.8)
Sleep apnea syndrome, n (%) 17 (3) 1 (0.4)
Congestive heart failure, n (%) 27 (5) 1 (0.4)
Bronchial asthma, n (%) 15 (3) 8 (3)
Chronic obstructive pulmonary disease, n (%) 22 (4) 3 (1)
History of smoking, n (%)

Never 286 (53) 112 (46)
,20 yr 108 (20) 46 (19)
.20 yr 145 (27) 86 (35)

Laboratory measurements
C-reactive protein, mg/L 1.7 [0.7–4.7] 1.1 [0.6–2.4]
Albumin, g/dl 4.360.3 4.560.2
NT-proBNP, pg/ml 227 [96–519] 56 [32–105]
eGFR, ml/min per 1.73 m2 50618 78617

Medication, n (%)
Prednisolone 518 (96) 0 (0)
Calcineurin inhibitor 296 (55) 0 (0)
Proliferation inhibitors

Azathioprine 70 (13) 0 (0)
Mycophenolic acid 374 (69) 0 (0)

mTOR inhibitor 20 (4) 0 (0)
Bronchodilator drugs 31 (5) 6 (2)
Inhalation steroids 27 (5) 10 (4)

Normally distributed data are presented as means 6 SDs, non-normally distributed data are presented as medians [interquartile
ranges], and categorical data are presented as numbers (valid percentages). Data regarding C-reactive protein, albumin, and
NT-proBNP were missing in four (1%), one (0.2%), and 14 (3%), respectively, of the kidney transplant recipients. Data regarding
C-reactive protein, albumin, NT-proBNP, and eGFR were missing in 30 (12%), 24 (10%), 39 (16%), and 24 (10%), respectively, of the
healthy controls. Other variables had no missing data. FEV1, forced exhaled volume in 1 second; n/a, not applicable; NT-proBNP,
N-terminal prohormone of brain natriuretic peptide; mTOR, mammalian target of rapamycin.
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Table 2. Characteristics associated with airflow limitation among kidney transplant recipients

Variable Airflow
Limitation, n (%)

Difference (95% Confidence Interval)

Univariable Adjusted
for Age

Adjusted for
Age and Sex

Characteristics
Sex

Women 48 (21) 1 (reference) 1 n/a
Men 85 (27) 1.43 (0.95 to 2.13) 1.46 (0.97 to 2.21) —

Age, per 10 yr 0.75 (0.65 to 0.88) — —
Height, per 10 cm 1.07 (0.87 to 1.33) 0.84 (0.63 to 1.12) 0.84 (0.62 to 1.12)
Weight, per 10 kg 1.12 (0.99 to 1.25) 1.11 (0.99 to 1.25) 1.08 (0.96 to 1.23)
Body mass index, kg/m2 1.04 (1.00 to 1.08) 1.04 (1.00 to 1.08) 1.04 (1.00 to 1.09)
Dialysis before transplantation

No 56 (21) 1 (reference) 1 (reference) 1 (reference)
Yes 77 (29) 1.52 (1.02 to 2.25) 1.72 (1.14 to 2.59) 1.72 (1.14 to 2.59)
If yes, sqrt time on dialysis, per yr 1.37 (0.90 to 2.08) 1.40 (0.92 to 2.14) 1.43 (0.94 to 2.19)

Time since transplantation, per doubling 0.98 (0.85 to 1.12) 0.99 (0.86 to 1.15) 0.99 (0.86 to 1.14)
Hypertension

No 19 (31) 1 (reference) 1 (reference) 1 (reference)
Yes 114 (24) 0.71 (0.40 to 1.27) 0.84 (0.46 to 1.53) 0.77 (0.42 to 1.41)

Diabetes
No 86 (22) 1 (reference) 1 (reference) 1 (reference)
Yes 47 (33) 1.77 (1.16 to 2.7) 2.28 (1.36 to 3.84) 2.29 (1.36 to 3.86)

Sleep apnea syndrome
No 124 (24) 1 (reference) 1 (reference) 1 (reference)
Yes 9 (53) 3.61 (1.36 to 9.56) 4.16 (1.55 to 11.14) 3.73 (1.38 to 10.10)

Congestive heart failure
No 123 (24) 1 (reference) 1 (reference) 1 (reference)
Yes 10 (37) 1.86 (0.83 to 4.17) 2.18 (0.96 to 4.96) 2.22 (0.97 to 5.06)

Bronchial asthma
No 127 (24) 1 (reference) 1 (reference) 1 (reference)
Yes 6 (40) 2.08 (0.73 to 5.97) 2.13 (0.73 to 6.22) 2.08 (0.71 to 6.07)

Chronic obstructive pulmonary disease
No 122 (24) 1 (reference) 1 (reference) 1 (reference)
Yes 11 (50) 3.24 (1.37 to 7.65) 4.02 (1.66 to 9.70) 3.91 (1.61 to 9.47)

History of smoking
Never 72 (25) 1 (reference) 1 (reference) 1 (reference)
,20 yr 22 (20) 0.76 (0.44 to 1.30) 0.86 (0.49 to 1.49) 0.87 (0.50 to 1.52)
.20 yr 39 (27) 1.08 (0.69 to 1.70) 1.43 (0.88 to 2.31) 1.43 (0.88 to 2.32)

Laboratory measurements
C-reactive protein, mg/L, per doubling 1.07 (0.96 to 1.19) 1.10 (0.99 to 1.22) 1.10 (0.99 to 1.22)
Albumin, per g/dl 1.01 (0.53 to 1.94) 0.64 (0.32 to 1. 72) 0.63 (0.32 to 1.26)
NT-proBNP, pg/ml, per doubling 1.09 (0.99 to 1.21) 1.22 (1.09 to 1.36) 1.24 (1.11 to 1.39)
eGFR, per 10 ml/min per 1.73 m2 1.02 (0.91 to 1.14) 1.00 (0.90 to 1.12) 1.00 (0.89 to 1.12)

Medication
Prednisolone

No 5 (24) 1 (reference) 1 (reference) 1 (reference)
Yes 128 (25) 1.05 (0.38 to 2.92) 1.20 (0.42 to 3.40) 1.15 (0.41 to 3.26)

Calcineurin inhibitor
No 37 (27) 1 (reference) 1 (reference) 1 (reference)
Yes 96 (24) 0.84 (0.54 to 1.30) 0.77 (0.49 to 1.21) 0.78 (0.50 to 1.23)

Proliferation inhibitors
Azathioprine
No 112 (24) 1 (reference) 1 (reference) 1 (reference)
Yes 21 (30) 1.37 (0.79 to 2.38) 1.38 (0.79 to 2.43) 1.39 (0.79 to 2.45)

Mycophenolic acid
No 45 (27) 1 (reference) 1 (reference) 1 (reference)
Yes 88 (24) 0.82 (0.54 to 1.25) 0.82 (0.53 to 1.25) 0.79 (0.51 to 1.21)

mTOR inhibitor
No 124 (24) 1 (reference) 1 (reference) 1 (reference)
Yes 9 (45) 2.61 (1.06 to 6.44) 2.66 (1.06 to 6.65) 2.71 (1.08 to 6.78)

Bronchodilator drugs
No 119 (23) 1 (reference) 1 (reference) 1 (reference)
Yes 14 (45) 2.69 (1.29 to 5.62) 3.52 (1.65 to 7.55) 3.56 (1.66 to 7.63)

Inhalation steroids
No 120 (23) 1 (reference) 1 (reference) 1 (reference)
Yes 13 (48) 3.03 (1.39 to 6.63) 3.60 (1.62 to 8.02) 3.63 (1.63 to 8.07)

Assessed variables were associated with an x-higher risk of airflow limitation, with differences representing odds ratios and their
95% confidence intervals. Data regarding C-reactive protein, albumin, and NT-proBNP were missing in four (1%), one (0.2%), and
14 (3%), respectively, of the kidney transplant recipients. Other variables had no missing data. n/a, not applicable; sqrt, square
root; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; mTOR, mammalian target of rapamycin.
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recipients. The mean percentage of predicted FEV1 among
kidney transplant recipients in our study was 86%, which is
similar to other studies that reported percentages of 90% in
24 kidney transplant recipients and 90% in 20 kidney trans-
plant recipients with type 1 diabetes mellitus (28,29). Slight
differences might be explained by different measurement
protocols and different population characteristics. Our study
population was much larger, and we applied no specific
inclusion or exclusion criteria with regard to age, sex, or
comorbidities, which suggests that the FEV1 found in our
study likely is representative of FEV1 in the outpatient kid-
ney transplant recipients population at large.
A lower percentage of predicted FEV1 has also been

reported in patients with kidney failure on dialysis (9,10).
Although a study among 29 kidney transplant recipients
indicated that FEV1 improves in the first months after suc-
cessful transplantation, our study highlights that FEV1 is
still significantly lower in kidney transplant recipients com-
pared with healthy controls, even at 1 year or longer after
transplantation (30). Airflow limitation among kidney trans-
plant recipients may thus partly be the result of previously
acquired damage during the pretransplant period as a

result of kidney failure and/or dialysis. Indeed, this notion
is supported by our findings because kidney transplant
recipients who underwent dialysis before transplantation
were at higher risk of having airflow limitation (31–33).
Comorbidities after transplantation add up to previously

acquired damage and may, therefore, contribute to airflow
limitation. Indeed, diabetes, COPD, and sleep apnea syn-
drome were associated with airflow limitation in kidney
transplant recipients, which is in line with results in other
populations (6,12,14,34). Metabolic pathways related to
insulin resistance causing subclinical weakness of respira-
tory muscles; intra-abdominal and intrathoracic fat, which
may result in restriction of lung volume; defects in the
bronchiolar surfactant layer; and low-grade chronic inflam-
mation may explain the association with diabetes (6,7).
Another comorbidity that may contribute to airflow limita-
tion is (subclinical) pulmonary congestion as we found that
a high NT-proBNP was associated with higher risk of air-
flow limitation. This is in line with studies in patients with
heart failure that showed lower FEV1, attributed to bron-
chial wall edema, and consequent reductions of lung com-
pliance and obstruction (8).

Table 3. Associations of airflow limitation with fatigue among kidney transplant recipients

Variable N

Fatigue Severity

No or Mild
Fatigue Odds Ratio
(95% Confidence

Interval)

Moderate Fatigue
Odds Ratio

(95% Confidence
Interval)

Severe Fatigue
Odds Ratio

(95% Confidence
Interval) P Value

CIS20R severity score ,20 20–34 $35
Airflow limitation, n (%) 26 (20) 39 (30) 65 (50)
Crude 525 1 (reference) 1.35 (0.78 to 2.34) 2.44 (1.46 to 4.09) 0.001
Model 1 525 1 (reference) 1.56 (0.88 to 2.75) 2.84 (1.65 to 4.91) ,0.001
Model 2 511 1 (reference) 1.62 (0.89 to 2.94) 2.59 (1.45 to 4.62) 0.005
Model 3 511 1 (reference) 1.68 (0.92 to 3.09) 2.51 (1.39 to 4.55) 0.007

Results of multinomial logistic regression analyses with the fatigue category as the dependent variable are shown. Airflow
limitation was associated with an x-higher risk of moderate or severe fatigue, with differences representing odds ratios and their
95% confidence intervals. Model 1 was adjusted for sex, age, and body mass index. Model 2 was model 1 additionally adjusted for
diabetes, dialysis before transplantation, and log2 N-terminal prohormone of brain natriuretic peptide. Model 3 was model 2
additionally adjusted for history of smoking, mammalian target of rapamycin inhibitor use, sleep apnea syndrome, and chronic
obstructive pulmonary disease. CIS20R, checklist individual-strength 20 revised.

Table 4. Associations of airflow limitation with health-related quality of life among kidney transplant recipients

Short Form-36 N

Health-Related Quality of Life

Physical Component Scale Mental Component Scale

Difference (Standard Deviation),
95% Confidence Interval P Value Difference (Standard Deviation),

95% Confidence Interval P Value

Crude 539 20.13, –0.21 to –0.04 0.004 20.11, –0.19 to –0.02 0.01
Model 1 539 20.16, –0.24 to –0.08 ,0.001 20.12, –0.21 to –0.04 0.005
Model 2 525 20.11, –0.19 to –0.03 0.006 20.09, –0.18 to –0.01 0.04
Model 3 525 20.11, –0.19 to –0.02 0.01 20.08, –0.17 to 0.01 0.08

Standardized b-coefficients reflect the number of SDs difference in health-related quality of life if airflow limitation is present. Model
1 was adjusted for sex, age, and body mass index. Model 2 was model 1 additionally adjusted for diabetes, dialysis before
transplantation, and log2 N-terminal prohormone of brain natriuretic peptide. Model 3 was model 2 additionally adjusted for history
of smoking, mammalian target of rapamycin inhibitor use, sleep apnea syndrome , and chronic obstructive pulmonary disease.
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Kidney transplant recipients who use inhalation medica-
tion were at higher risk of airflow limitation, which was
expected because patients using these drugs generally suffer
from pulmonary diseases (e.g., COPD or bronchial asthma).
Additionally, our analyses showed that older kidney trans-
plant recipients had lower risk of airflow limitation. This
association is presumably caused by the clinician’s judgment
of transplant eligibility; whereas most young patients are
considered eligible for kidney transplantation, transplanta-
tions among elderly patients may only be performed in those
who are relatively fit and active compared with other
patients of the same age. Elderly kidney transplant recipients
may thus have relatively high FEV1 compared with their
age-matched healthy control counterparts. In addition, differ-
ences in comorbidities may partly explain the higher preva-
lence of airflow limitation among kidney transplant recipi-
ents compared with healthy controls. After all, comorbidities,
including diabetes, heart failure, sleep apnea syndrome, and
COPD, are prevalent among kidney transplant recipients,
and they have all been linked to a decreased FEV1 in other
populations, as discussed.
Our study confirms that fatigue is a major clinical prob-

lem (2,21,35–37). Importantly, airflow limitation was inde-
pendently associated with fatigue severity, suggesting that
improving the FEV1 might reduce fatigue in patients with
airflow limitation. In addition, because a higher FEV1 on a
continuous scale was also independently associated with
fatigue severity, even recipients without airflow limitation
may benefit from FEV1 improvement. Further analyses
revealed that airflow limitation was independently associ-
ated with lower physical HRQoL. To investigate the poten-
tial causal pathway between airflow limitation and physical
HRQoL, mediation analyses were performed. These

analyses showed that the association between airflow limi-
tation and physical HRQoL was strongly mediated by
fatigue. This suggests that airflow limitation causes fatigue,
which in turn, leads to a lower physical HRQoL.

One explanation of the found association with fatigue
might be hypermetabolism; airflow limitation may cause
increased energy expenditure for breathing. This notion is
supported by studies that showed that patients suffering
from severe COPD had higher resting metabolic rates com-
pared with healthy controls (38,39). Potentially, the higher
oxygen cost of breathing also plays a role (39). Similar
mechanisms may also be present in kidney transplant
recipients. FEV1 can be improved by high-intensity aerobic
exercise training and the use of bronchodilator medication
(11,14,40–42). Airflow limitation is, therefore, a promising
therapeutic target to alleviate fatigue and, consequently,
improve physical HRQoL among kidney transplant
recipients.

Strengths of this study are the large population size and
the extensive available data regarding anthropometrics,
medication use, and questionnaires. Consequently, we
were able to adjust for many confounders and performed
extensive sensitivity analyses. In addition, we were able to
compare our findings in kidney transplant recipients with a
large control group. A main limitation of our study is the
lack of data on forced vital capacity to show whether the
airflow limitation had a restrictive or obstructive etiology.
Additionally, because of its observational design, we cannot
draw conclusions regarding causality. Interventional stud-
ies are needed to assess the therapeutic potential of high-
intensity aerobic exercise and/or inhalation medication to
reduce airflow limitation, reduce fatigue, and improve
physical HRQoL among kidney transplant recipients.

In conclusion, airflow limitation is common among kid-
ney transplant recipients. Its occurrence is associated with
more than twice the risk of severe fatigue, and it is inde-
pendently associated with a lower physical HRQoL. Air-
flow limitation may, therefore, be an important and modifi-
able comorbidity in kidney transplant recipients. Mediation
analyses suggest that airflow limitation causes fatigue,
which in turn, decreases physical HRQoL. Future interven-
tional studies are needed to investigate the therapeutic
potential of high-intensity aerobic exercise and inhalation
medication to alleviate fatigue and improve physical
HRQoL of kidney transplant recipients.
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