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Methods 

 
Clinical care protocol 
 

All participants received a standardized immunosuppression regimen at our institution. 

Induction with basiliximab was administered intraoperatively and on post-operative day (POD)4. 

Methylprednisolone was administered intraoperatively and in the first two days after 

transplant. Thereafter, prednisone was administered at a dose of 20mg daily during the first three 

months after transplant. Then, prednisone was gradually tapered over the four to twelve months 

after transplant to a maintenance dose of 0.1mg/kg. 

A two-week steroid pulse with taper was used to treat both acute cellular rejection and 

infections with community-acquired respiratory viruses (CARV); methylprednisolone 500mg daily 

weaned down to prednisone 20mg daily for the former, and prednisone 60mg daily weaned down 

to 20mg daily for the latter. Then, patients resumed their previous prednisone dose. 

Tacrolimus was started on POD1 and continued indefinitely after transplant with dose 

adjustments based on trough levels. The targeted tacrolimus trough levels decreased gradually, 

being 10-14 ng/ml, 10-12 ng/ml, 8-10 ng/ml, and 6-8 ng/ml, at 0-, 3-, 6-, and 12-months post- 

transplant, respectively. 
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Mycophenolate mofetil, 1000mg twice daily, was started on the day of transplant and 

continued indefinitely. 

Everolimus or sirolimus was added in select cases of recurrent acute cellular rejection or 

development of chronic lung allograft dysfunction (CLAD) at the discretion of treating clinicians, 

or, in rare cases, replaced tacrolimus when patients developed chronic kidney disease. 

 
 
Outcome variables 

 
Health Related Quality of Life: HRQL is multidimensional by definition. HRQL instruments 

each assess a discrete set of conceptual health domains1,2. Furthermore, different disease states 

impact an individual person’s HRQL in different ways. Since many different conceptual health 

domains may be important to lung transplant recipients, we leveraged multiple instruments to 

provide a more comprehensive assessment of HRQL. We evaluated HRQL across several 

conceptual health domains, including domains addressed by generic, respiratory-specific, and 

health-utility instruments. We assessed generic HRQL by the Medical Outcomes Survey Short 

Form-12 version 2 (SF12). We assessed respiratory-specific HRQL using the Airways 

Questionnaire 20-Revised (AQ20-R). In order to assess health-utility, we utilized the Euroqol 5D 

3L (EQ5D). 

The Medical Outcomes Survey Short Form-12 version 2 is a 12-item generic HRQL 

instrument, which was adapted from the longer Short Form-36. There are two summary scores in 

the SF12, a physical component score (SF12-PCS) and a mental component score (SF12-MCS). 

The SF12 instrument reproduces at least 90% of the variance of the Short Form-36. Both the 

SF12-PCS and the SF12-MCS range between 0-100 with a population mean of 50 and standard 

deviation of 10. Higher scores denote better HRQL. The SF12-PCS and SF12-MCS have a 

minimally important difference (MID) of 53,4. 
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The AQ20-R is a respiratory-specific HRQL instrument. The range of scores is 0-20 with 

higher scores indicating worse HRQL. We reverse coded the AQ20-R for the purpose of our 

analysis such that higher scores denote better HRQL across all instruments. There is no 

established MID for the AQ20-R, as such, we used one-half of the standard deviation (1.75) as a 

distribution based MID5,6. 

The EQ5D is a 5-item health-utility instrument. It ranges from -0.11 to 1. Higher scores 

reflect better health utility. A score less than zero reflects a health-utility is “worse than death”. 

The MID for EQ5D is 0.067. 
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Figure 1: Consort diagram of subjects throughout the study. 
 

The left column presents the number of participants providing data for analysis at each time point. 
The number of subjects at the 3-month post-transplant time point was less than 6-month time 
point, because the 3-month study visit was dropped after July, 2016. The right two columns detail 
the reasons for missing frailty or health-related quality of life (HRQL) assessments at each time 
point. 
 

Baseline

Subjects enrolled in study and underwent 

transplant during study period

N=259

243 frailty assessments completed

232 HRQL surveys completed

3 months post transplant
(stopped collecting 3 month survey in July 2016)

N=210

181 frailty assessments completed

190 HRQL surveys completed 

6 months post transplant

N=236

211 frailty assessments completed

201 HRQL surveys completed 

12 months post transplant

N=203

187 frailty assessments completed

171 HRQL surveys completed 

Reason for Missing  Assessment

5 too ill to complete

11 non-health reasons

Study Cohort

5 deceased

1 dropped out

6 study ended

37 three month survey discontinued

2 too ill to complete

27 non-health reasons

Frailty HRQL
16 too ill to complete

11 non-health reasons

5 deceased

1 dropped out

6 study ended

37 three month survey discontinued

8 too ill to complete

12 non-health reasons

2 dropped out

11 study ended

3 too ill to complete

20 non-health reasons

2 dropped out

9 study ended

7 too ill to complete

28 non-health reasons

3 deceased

3 dropped out

25 study ended

4 too ill to complete

12 non-health reasons

3 deceased

3 dropped out

27 study ended

7 too ill to complete

25 non-health reasons

18 months post transplant

N=174

152 frailty assessments completed

151 HRQL surveys completed 

6 deceased

1 dropped out

23 study ended

2 too ill to complete

19 non-health reasons

6 deceased

1 dropped out

22 study ended

6 too ill to complete

17 non-health reasons

24 months post transplant

N=149

132 frailty assessments completed

115 HRQL surveys completed 

4 deceased

0 dropped out

21 study ended

2 too ill to complete

14 non-health reasons

4 deceased

0 dropped out

21 study ended

4 too ill to complete

30 non-health reasons

30 months post transplant

N=125

86 frailty assessments completed

81 HRQL surveys completed 

7 deceased

2 dropped out

15 study ended

1 too ill to complete

37 non-health reasons

7 deceased

2 dropped out

15 study ended

6 too ill to complete

38 non-health reasons

36 months post transplant

N=99

84 frailty assessments completed

83 HRQL surveys completed 

8 deceased

0 dropped out

17 study ended

1 too ill to complete

14 non-health reasons

8 deceased

0 dropped out

18 study ended

3 too ill to complete

13 non-health reasons
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Table 1. Number of patients with at least one-point worsening in SPPB 
 
 

Visit of evaluation Compared with Number of patients with at least one-
point worsening in SPPB 

3-month post-transplant pre-transplant baseline 49 

6-month post-transplant 3-month post-transplant 26 
12-month post-transplant 6-month post-transplant 41 
18-month post-transplant  12-month post-transplant 27 
24-month post-transplant  18-month post-transplant 27 
30-month post-transplant  24-month post-transplant 14 
36-month post-transplant  30-month post-transplant 8 
Total number of participants with at least one-point 
worsening of SPPB 

129 (50% of cohort) 

Note: missing data in SPPB were not imputed. The calculation of following numbers required non-
missing SPPB at two continuous visits. 

The Short Physical Performance Battery (SPPB) ranges from 0 to 12, (minimal important difference 
= 1); lower scores denote worse frailty. 
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Table 2. Association of frailty (SPPB ≤9) as a time-dependent predictor with HRQL in lung 
transplantation 

 
 

Predictor Instrument Instrument Type Difference 95% CI p-value 

Frailty  

(SPPB ≤9) 

SF12-PCS (MID=5) Generic-Physical -6.08 (-7.68, -4.47) <0.01 

SF12-MCS (MID=5) Generic-Mental -1.22 (-2.68, 0.23) 0.10 

AQ20-R (MID=1.75) Respiratory-Specific -0.95 (-1.45,  -0.44) <0.01 

EQ5D (MID=0.06) Health-Utility -0.06 (-0.09, -0.04) <0.01 

Instruments: Short Physical Performance Battery (SPPB), range from 0 to 12; Short Form 12– 
Physical Component Score (SF12-PCS), range 0 to 100; Short Form 12–Mental Component 
Score (SF12-MCS), range 0 to 100; Airways Questionnaire 20–Revised (AQ20-R), range 0 to 
20, which was reverse-coded for analysis; EuroQoL 5D (EQ5D), range -1.11 to 1, which 
measures health utility. Minimally important difference (MID). The association between frailty 
and HRQL was quantified by linear mixed-effects models considering frailty as a time- 
dependent predictor variable. All models were adjusted for pre-operative age, sex, race, 
diagnosis, as well as for BMI and FEV1 measured at each study visit. 
Data are presented as mean effect estimates with 95% confidence intervals. 
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Table 3. Causes of death up to 48 months after lung transplant 
 
 

Cause of death Number of deaths 

Chronic rejection 20 
Acute Lung Injury 5 

Other infection 4 

Cancer 4 

Pneumonia 3 

Sepsis 3 

Congestive Heart Failure 2 

Pulmonary embolus 1 

Renal Failure 1 

Unknown Cause of Death 3 
 

Cause of death occurring within the first 48 months after transplantation. 
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Table 4. Association of frailty, defined as SPPB ≤ 9, with 4-year mortality after lung 
transplant 

 
  Baseline 

Model 

Time-dependent 
predictor from 
baseline to 36 
months post-

transplant 

Pre-transplant 

 
3-months 

Post-transplant 
 

 
6-months 

Post-transplant 
 

 
12-months 

Post-transplant 
 

Unadjusted Frailty 4.26 (2.23, 8.15) 4.06 (2.06, 7.98) 3.83 (1.91, 7.68) 4.62 (2.27, 9.39) 

      

Adjusted Frailty 2.87 (1.53, 5.40) 2.60 (1.33, 5.07) 2.51 (1.27, 4.96) 3.13 (1.53, 6.42) 

The Short Physical Performance Battery (SPPB) ranges from 0 to 12, (minimal important difference 
= 1); lower scores denote worse frailty. Frailty was defined as SPPB ≤ 9. Mortality risk was 
estimated by Cox’s proportional hazards models with SPPB as a time-dependent predictor, 
including all SPPB measurements a participant had from baseline to 36 months post-transplant. 
Results when setting the baseline SPPB at different time points are shown side by side for 
comparison. All SPPB values before the specified baseline are excluded from the models. The 
number of participants alive at each of the baseline points is indicated. Models were adjusted for 
pre-operative age, sex, race, diagnosis, and BMI and FEV1 measured at each visit. Results 
represent hazard ratio for death with 95% confidence intervals noted in parenthesis. 
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Table 5. The association of muscle function, body composition, and malnutrition 
after transplantation with the development of frailty (SPPB ≤9) in lung transplant 
recipients 

 
 

Model 
Time-dependent predictor* 

Odds Ratio frail versus 
not frail (95% CI) 

1 
Sarcopenia 
Component 

Per 1.0 kg decrease in grip strength 1.24 (1.16, 1.32) 

2 Weak grip ¶ 6.66 (3.62, 12.25) 

3 
Body 

Composition 

Underweight (BMI <18.5 kg/m2)  6.55 (1.66, 25.90) 

Obesity (BMI ≥ 30 kg/m2)  1.37 (0.72, 2.61) 

4 

Malnutrition 
Per 1.0 g/dl decrease in albumin 3.19 (2.05, 4.96) 

5 Albumin nadir <3.5 g/dl ¶ 3.93 (2.20, 7.00) 

6 

Renal 
dysfunction 

Per 10-ml/min/1.73m2 decrease in eGFR 1.36 (1.18, 1.57) 

7 

CKD Stage 3 versus Stage 1 or 2 1.63 (0.88, 3.05) 

CKD Stage 4 or 5 versus Stage 1 or 2 4.82 (2.18, 10.6) 

 
*Generalized linear mixed effects model with sarcopenia, body composition, malnutrition, and renal 
dysfunction as a time-dependent predictors and frailty as the “lagged” outcome.  
Measures of frailty were obtained at study visits at 3-, 6-, 12-, 18-, 24-, 30-, and 36-months after lung 
transplantation. Measures of body composition, sarcopenia, nutrition, and renal function in the 3-6-
month time period preceding each study visit were collected and used as time-dependent predictors 
of the subsequent, or “lagged” outcome of frailty.  
Frailty was quantified using the Short Physical Performance Battery (SPPB), which ranges from 0-12 
(minimal important difference = 1); lower scores denote worse frailty. Frailty was defined as a 
continuous measure and as a binary outcome (frail = SPPB ≤9).  
Body composition was determined by the most extreme body mass index (BMI) in the interval prior to 
visit. Underweight and obesity were compared to a reference BMI of 18.5 to <30 kg/m2. 
Grip strength was used as a proxy for sarcopenia. A weak grip was defined as proposed by the 
European Working Group on Sarcopenia in Older People8.   
Malnutrition determined by the lowest serum albumin in the interval prior to visit, both as a continuous 
and a binary predictor. 
Measures of renal function were calculated as the lowest estimated glomerular filtration rate (eGFR) 
and the worst chronic kidney disease stage in the time period preceding each study visit. eGFR 
calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation10. 
Models 1-5 were adjusted for study visit, age, sex, and race. Models 6 and 7 were adjusted for study 
visit. 
Results represent the effect of sarcopenia, body composition, malnutrition, and renal dysfunction on 
SPPB score and odds ratio for frailty; 95% confidence intervals are noted in parenthesis.  
¶ Denotes that predictor is binary 
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Table 6. The association of immunosuppression after transplantation with the 
development of frailty in lung recipients 
 

 

 
Time-dependent predictor* 

 

Change in SPPB 
frailty 

(95% CI) 

Odds Ratio frail 
versus not frail 

(95% CI) 
Frail=SPPB ≤7 

Odds Ratio 
frail versus not 

frail 
(95% CI) 

Frail=SPPB ≤9 

1 ng/ml increase in trough 
tacrolimus level 

0.02 (-0.04, 0.09) 0.88 (0.70, 1.10) 0.95 (0.84, 1.08) 

Use of prednisone pulse and 
taper ¶ 

-0.51 (-1.23, 0.22) 1.90 (0.18, 19.64) 1.94 (0.60, 6.29) 

*Generalized linear mixed effects model with immunosuppression as a time-dependent predictor and 
frailty as the “lagged” outcome. Analytically, measures of frailty were obtained at study visits at 3-, 6-, 
12-, 18-, 24-, 30-, and 36-months after lung transplantation. Measures of immunosuppression in the 
3-6-month time period preceding each study visit were collected and used as to develop our time- 
dependent predictors of the subsequent, or “lagged” outcome. Frailty was quantified using the Short 
Physical Performance Battery (SPPB), which ranges from 0 to 12, (minimal important difference = 1); 
lower scores denote worse frailty. Frailty was defined a continuous measure, and as a binary outcome 
with two different cut points (frail = SPPB ≤7) and (frail = SPPB ≤9). Predictor of tacrolimus 
immunosuppression was the average daily tacrolimus trough participants were exposed to in the 
interval prior to visit. Predictor of prednisone immunosuppression quantified by use of a prednisone 
pulse and taper in the interval prior to visit. Pulses of prednisone are typically employed for episodes 
of acute rejection or community acquired upper respiratory viral infections. Models were adjusted for 
study visit, age, sex, and race. Results with SPPB as a binary outcome represent odds ratio for frailty 
with 95% confidence intervals noted in parenthesis. Results with SPPB as a continuous measure 
represent the effect of immunosuppression on SPPB score with 95% confidence intervals noted in 
parenthesis. 
¶ Denotes that predictor is binary 
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Table 7. Association of pre-operative characteristics with frailty six months after lung 
transplant 

 

Odds ratio for being frail 
six months after 

transplant 
(95% CI) 

 
P value 

Univariate analysis  
Frail pre-transplant 3.54 (1.15, 10.90) 0.03 
Female sex 3.70 (1.14, 12.02) 0.03 

Age at transplant (per 1-year older) 1.00 (0.96, 1.05) 0.95 
Diagnosis    

COPD vs ILD 3.21 (0.98, 10.55) 0.05 
PH vs ILD 2.25 (0.25, 20.25) 0.47 

CF vs ILD 1.06 (0.12, 8.99) 0.96 
LAS at transplant (per 1-point increase) 0.98 (0.95, 1.01) 0.16 

Non-white vs white race 1.29 (0.42, 3.95) 0.65 
 

Multivariate analysis with predictors with P ≤ 0.05 
 

Frail pre-transplant 3.42 (1.05, 11.14) 0.04 

Female gender 3.04 (0.90, 10.34) 0.08 
Diagnosis    

COPD vs ILD 2.74 (0.73, 10.36) 0.14 
PH vs ILD 2.37 (0.25, 22.45) 0.45 

CF vs ILD 0.74 (0.08, 6.80) 0.79 
 

Univariate and multivariate logistic regression models for odds of being frail at 6-months after 
transplantation using select pre-operative characteristics. Frailty was quantified using the Short 
Physical Performance Battery (SPPB). Frailty was defined as a binary outcome (frail = SPPB ≤7). 
Results with SPPB as a binary outcome represent odds ratio for frailty at 6-months after 
transplantation with 95% confidence intervals noted in parenthesis. Multivariate models adjusted 
for predictors found to be significant (P≤ 0.05) in univariate analysis. These included being frail 
prior to transplantation, female gender, and diagnosis. 
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Table 8. Proportion of frailty after transplant stratified by age at surgery   

 

Age 
(years) 

3-months post-transplant 
N = 180 

6-months post-transplant 
N = 211 

12-months post-transplant 
N = 186 

N SPPB ≤ 7 SPPB ≤ 9 N SPPB ≤ 7 SPPB ≤ 9 N SPPB ≤ 7 SPPB ≤ 9 

<40 22 1 (5%) 3 (14%) 24 2 (8%) 5 (21%) 21 1 (5%) 2 (10%) 

40 to <50 25 5 (20%) 8 (32%) 29 1 (3%) 6 (21%) 26 1 (4%) 4 (15%) 

50 to <60 50 7 (14%) 21 (42%) 61 6 (10%) 16 (26%) 55 8 (13%) 13 (24%) 

≥ 60 83 18 (22%) 39 (47%) 97 6 (6%) 23 (24%) 84 11 (11%) 19 (23%) 

P value   0.25  0.03   0.71  0.95   0.43  0.51 

 
Frailty was quantified using the Short Physical Performance Battery (SPPB), which ranges from 0 
to 12, (minimal important difference = 1); lower scores denote worse frailty. Frailty was defined a 
continuous measure, and as a binary outcome with two different cut points (frail = SPPB ≤7) and 
(frail = SPPB ≤9). 
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