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Abstract 

Purpose  

Kidney transplantation (KT) can impact patients’ evaluation of health-related quality of life 

(HRQoL) as they adapt to their new life with a graft and its changes. Patients may adapt to KT 

in a different way, depending on whether they were on dialysis prior to transplantation or not 

(i.e. preemptive group). This may result in lack of measurement invariance between these 

patients’ groups and/or over time (i.e. response shift, RS) which may invalidate the between-

group comparison of HRQoL change scores. The aim of this study was to investigate and 

compare RS before and after KT between these two patients’ groups. Measurement invariance 

was investigated between groups and over time with three measurement occasions. 

Methods 

Adult patients completed the SF-36 at the last visit before KT, and 3, 6 months after. A 

structural equation model-based procedure was used to (i) detect and take into account 

measurement non-invariance between groups and RS, if appropriate, (ii) identify the period of 

occurrence of RS, (iii) study the heterogeneity of RS between the two groups. 

Results 

Before KT (i.e. baseline), measurement invariance was not rejected between dialyzed (n = 196) 

and preemptive (n = 178) patients’ groups. Between baseline and 3-month after KT, similar 

uniform recalibration was detected on the general health domain in both groups. Uniform 

recalibration was found between 3- and 6-month after KT on the vitality domain for preemptive 

patients only.  

Conclusion 

HRQoL, adjusted for RS, increased overall for preemptive and dialyzed kidney transplant 

patients after transplantation. RS may reflect differing adaptation processes following KT. 
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Introduction  

Treatment of end-stage renal disease by dialysis or kidney transplantation (KT) can have an 

impact on the physical and psychological health of patients, including their health-related 

quality of life (HRQoL). When it is possible, KT remains the treatment of choice because it has 

many benefits compared to dialysis. Indeed, several studies have shown that kidney transplant 

patients have a better long-term survival and lower risks of cardiovascular events [1, 2], as well 

as a better HRQoL [3–5] compared to patients undergoing dialysis. Furthermore, preemptive 

transplantation (i.e. without a period of dialysis before transplantation) would be the preferred 

strategy to avoid trauma associated with dialysis. Whether it be a preemptive transplant or not, 

patients have to adapt to their new life with a graft and the changes that result from it. We can 

expect that the HRQoL of preemptive and dialyzed transplant patients may be different over 

time, before and after KT, depending on their previous experience with renal replacement 

therapy (i.e. dialysis or not) and expectations. Only a few studies have compared HRQoL 

changes of preemptive and dialyzed kidney transplant patients before and after transplantation 

[6–8] and most have been realized on small sample sizes. In all these studies, the patient’s 

perception of HRQoL was assumed to be the same between patient groups and over time, i.e. 

assumption of measurement invariance [9]. If this assumption does not hold, observed HRQoL 

score changes or difference of observed scores between groups may not properly reflect change 

or differences in the latent construct (e.g. HRQoL).  

When the assumption of measurement invariance is invalid with respect to time, it is a 

special case of longitudinal measurement non-invariance, also named response shift (RS). RS 

refers to a change in the meaning of one’s self-evaluation of a target construct that results from 

a change in one’s internal standards (recalibration), a change in one’s values (reprioritization), 

or one’s redefinition of the target construct (reconceptualization) [10]. RS is assumed to occur 

in particular after a serious health event, also named catalyst (e.g. KT in our case), and may 
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often be related to how patients adapt to their experience of the disease [11]. It is important to 

detect and account for RS to ensure a valid assessment of change in patients’ HRQoL (i.e. target 

change) over time and to avoid possibly erroneous conclusions. Moreover, RS is important to 

study per se as it may also provide a better understanding of how patients adapt to their illness.  

Several statistical methods have been developed to assess and take into account lack of 

measurement invariance between groups, over time, or both [12, 13], including structural 

equation modelling (SEM) [14, 15]. SEM is a versatile method which allows exploring the 

different types of RS (i.e. recalibration, reprioritization, and reconceptualization) and adjusting 

for measurement non-invariance between groups and over time, if appropriate [16]. Changes in 

the following SEM parameters are assumed to be indicative of RS: intercepts (uniform 

recalibration), factor loadings (reprioritization), and residual variances (non-uniform 

recalibration). In longitudinal studies, HRQoL questionnaires are often collected at more than 

two occasions, and researchers have sought to detect possible RS effects over multiple 

occasions, also considering the heterogeneity of the studied population with multiple-group 

approaches. Verdam and Oort [17] have applied the longitudinal three-mode model to assess 

HRQoL change of patients with painful bone metastasis before and after radiotherapy 

treatment, over many measurement occasions. These models were also extended to multiple-

group analyses [18]. However, in these models, an overall trend of change in SEM parameters 

is obtained, without providing information with regards to the period where RS may have 

occurred, or not.  

Our aim is to investigate measurement invariance in longitudinal HRQoL before and 

soon after KT in preemptive and dialyzed transplant patients. Two consecutive periods were 

considered: before and just after KT (at 3 months) and between 3 and 6 months. These two time 

periods, very close to surgery, are considered critical for patients from a clinical and 

psychological point of view [19, 20]. Our objective was to investigate RS and to get more 
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insight into patients’ adaptation to KT in each of these two time periods using an adapted SEM-

based approach. This paper proposes a SEM-based procedure to: (1) detect and take into 

account measurement non-invariance between and within groups across more than two 

measurement occasions, (2) identify the period of occurrence of RS, and (3) study the 

heterogeneity of RS between the two groups.  

 

Methods 

Study population 

In the PreKit-QoL study [21], patients are recruited from three centers participating in the 

DIVAT cohort (www.divat.fr, approved by the Comité National de l’Informatique et des 

Libertés CNIL, no 914184) in France: Nantes, Nice, and Lyon. Adult patients (over 18 years 

old) registered on the waiting list for first KT without other transplanted organs, who have given 

their informed consent are prospectively pre-included since September 2014. The PreKit-QoL 

study is registered on the ClinicalTrials.gov Registry (RC14_0078, NCT02154815), has 

obtained approval from the ethical Committee for Persons’ Protection (CPP, Tours, 2014-S8), 

and from the advisory committee on research data and information in health (CCTIRS, Paris, 

14.314). 

Pre-included patients are followed on the waiting list until they receive KT or experience 

another event (dialysis>36 months, death, study withdrawal). Transplanted patients are 

included in the PreKit-QoL study and two groups are distinguished: patients receiving KT after 

a period of dialysis<36 months, and patients receiving KT without a dialysis experience 

(preemptive patients).  

 

Measures 

http://www.divat.fr/
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HRQoL and psychological data are collected in the two groups, every 6 months before 

transplantation, at the hospital discharge, and after transplantation, at 3 months, 6 months, and 

every year until 5 years of follow-up. For the present study, we focus on the last visit before 

KT (baseline) and the 3- and 6-month visits after KT. 

HRQoL is measured using the SF-36 [22], a generic and validated questionnaire composed of 

8 domains (Physical Functioning, PF; Role Physical, RP; Bodily Pain, BP; General Health, GH; 

Vitality, VT; Social Functioning, SF; Role Emotional, RE; and Mental Health, MH). The scores 

of each domain range from 0 to 100, a higher score indicating a better HRQoL.  

 

Conceptual overview of the rationale behind the methodological framework 

The first part of the procedure is designed to test whether full or partial measurement invariance 

holds between dialyzed and preemptive groups at baseline. If full invariance is rejected, this 

may suggest that patients have differing perceptions of their HRQoL at baseline, depending on 

whether they experienced dialysis or not. The second part is based on SEM following Oort [14] 

and on the definition of RS as a violation of the principle of conditional independence in 

measuring latent variables over time [23, 24]. In this framework, RS is assumed to have 

occurred when observed change is not fully explained by target change due to, e.g., change in 

factor loadings (reprioritization).  

 

Methodological framework 

The procedure is composed of a series of SEM fitted using Stata software version 15.0 

(StataCorp, College station, TX). Missing data for the SF-36 domains scores are handled using 

the estimation method of full information maximum likelihood. Homogeneity of RS is assumed 

within each patient group. 
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The evaluation of the goodness of fit for each model is assessed using the ratio 2/df, where df 

is the degree of freedom, the root mean square error of approximation (RMSEA) and 

comparative fit index (CFI) [25, 26]. A value below 0.08 for the RMSEA [27] and above 0.90 

for the CFI indicates an acceptable  fit [28]. A likelihood ratio test (LRT) based on the difference 

of chi-square statistics between constrained and unconstrained models is used to compare 

nested models. The procedure described in figure 1, is composed of 2 parts, each including 

several steps. It is described for two groups (preemptive and dialyzed patients) and three 

measurement occasions (baseline, 3, and 6 months after KT).  

 

Before starting the procedure, a preliminary analysis is made using the clustering around latent 

variables method [29] to determine the structure of the SF-36 questionnaire (i.e., which domain 

scores are indicative of which latent variables), based on our data. Clustering around latent 

variables consists in a hierarchical cluster analysis that assigns each observed variable to the 

latent variable with which it is the most correlated. This provides the measurement model used 

in part 1 described below, assumed to be the same for preemptive and dialyzed patients. 

 

Part 1: Detection of measurement non-invariance between groups at baseline 

Step A: Measurement model with non-invariance between groups 

In this cross-sectional multigroup SEM model, all factor loadings, intercepts, and residual 

variances are freely estimated between the two groups (i.e. unconstrained model). Model 

modifications for the improvement of model fit are guided by modification indices (also named 

Lagrangian multiplier test [30]) and assessed using a LRT.  

 

Step B: Measurement model with invariance between groups and overall test of invariance 
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The unconstrained model of step A is compared to a fully constrained model using a LRT. If 

the test is not significant at the 5% significance level, invariance between groups is assumed at 

baseline and we continue with part 2 of the procedure for the detection of RS (step 1). 

Otherwise, we proceed with step C.  

 

Step C: Identification of domains with non-invariance between groups 

From step B, in the first iteration, score and Wald tests are used to test parameters’ invariance 

between groups on each domain. The equality constraint of the parameter with the highest chi-

square statistic is relaxed between groups for the identified domain, and the model is compared 

to the constrained model using a LRT. If the test is significant at the 5% significance level, 

invariance of the parameter is rejected, and the model is updated, with the identified constraint 

relaxed. The same steps are continued iteratively until the LRT is no longer significant i.e. 

partial measurement invariance between groups hold, or when measurement non-invariance 

between groups have been detected on D-1 domains among the D domains.  

 

Part 2: RS detection  

Step 1: Measurement model with RS  

The last model obtained in part 1 is extended to include a second measurement occasion. In this 

longitudinal multigroup SEM, the factor loadings, intercepts, and residual variances of all 

domains are freely estimated between baseline and 3 months after KT, and between groups at 

the second measurement occasion (i.e. unconstrained model with RS). 

 

Step 2: No RS model and overall test of RS  

A no RS model, where the model parameters are constrained to be equal over time (i.e. fully 

constrained model), is estimated and compared to the unconstrained model of step 1 using a 
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LRT. If the LRT is not significant at 5% significance level, no RS is assumed between the 

baseline and 3-month visit after KT, and we continue RS detection between the 3- and 6-month 

visits. Otherwise, we proceed with step 3. 

 

Step 3: Identification of RS 

This step aims to identify the type of RS, and which domains and groups are impacted. From 

the step 2 model, the equality constraint of the domain with the highest modification indices in 

the specified group is relaxed. This model is compared to the constrained model using a LRT. 

If the test is significant at 5% significance level, RS in the specified group on the identified 

parameter is assumed. The iterations continue until relaxing constraints does not improve the 

model further (i.e. the LRT is no longer significant) or when RS has been detected on D-1 

domains among D domains. When an equality constraint is relaxed in both groups, we test 

whether RS occurs in the same way (similar RS) or not (differential RS) between groups using 

a Wald test.  

 

RS detection for more than two occasions 

The procedure continues by adding a third measurement occasion (6-month visit after the KT). 

Steps 1 to 3 are repeated to assess RS between the 3- and 6-month visits after KT, in order to 

test if the assumption of measurement invariance is tenable taking into account the results found 

previously. The final model of step 3 is used to estimate the magnitude of RS effects between 

measurement occasions in each patient group, using effect-size indices, where values of 0.2, 

0.5 and 0.8 are considered small, medium and large, respectively [14, 31]. 

 

Step 4: Target change assessment  
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The change in patient’s HRQoL (i.e. target change) is assessed from the final model of step 3 

taking into account the non-invariance of parameters detected in the previous steps, if 

appropriate. The group and time effects on the latent construct and their interaction are assessed 

using Wald tests.  

 

Identifiability constraints  

The model’s identifiability is achieved by constraining the means of the latent variables to zero 

and variances to 1 in each group at the baseline measurement occasion in step A, and in the 

dialyzed patients group only for steps B, C, and 1 to 3. From step 1, the means and variances in 

preemptive and dialyzed patients’ groups are constrained to be equal over time.  

 

Results 

In the PreKit-QoL study, 374 patients have received a kidney transplant since September 2014, 

including 196 patients in the dialyzed group (52%) and 178 patients in the preemptive group 

(48%). Sociodemographic and transplantation associated clinical and biological variables are 

described for the two groups at baseline (Table 1). These variables are similar in both groups, 

except for more diabetes comorbidity in the dialyzed patients group compared to the preemptive 

group. Missing data, observed scores means and their standard deviations, and estimates of 

skewness and kurtosis are reported in Supplementary Table A for each SF-36 domains in each 

group and at each measurement occasion. 

 

The measurement model is determined using the clustering around latent variables, based on 

the 8 domains of the SF-36 questionnaire [22] and our data. The model comprises 2 latent 

variables composed of 4 domains each. The latent variable measured by the PF, RP, BP, and 
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RE domains is named physical HRQoL and the latent variable measured by SF, VT, MH and 

GH is named mental HRQoL. 

 

Part 1: Detection of measurement non-invariance between preemptive and dialyzed patients 

at baseline 

Step A: Measurement model with non-invariance between preemptive and dialyzed patients 

For computational convenience, scores of the SF-36 questionnaire are divided by 100. For 

physical HRQoL, correlations between residual variances of RP, RE, and BP, RE are added to 

improve model fit. Correlations between residual variances of SF, MH, and VT, GH are 

included for mental HRQoL. The final measurement model had a reasonable fit (2/df = 2.15, 

RMSEA = 0.078, CFI = 0.972, Table 2, Figure 2).  

 

Step B: Measurement model with invariance between preemptive and dialyzed patients and 

overall test of differences between groups 

The LRT comparing a constrained model with the previous unconstrained model (Table 2) is 

not significant (p = 0.096). Factor loadings, intercepts, and residual variances are therefore 

constrained to be equal between preemptive and dialyzed groups at baseline. 

 

Part 2: RS detection between the baseline and 3-month visit after KT 

Step 1: Measurement model with RS  

The previous multigroup model is extended to a longitudinal model with RS between baseline 

and 3-month visit after KT, in the preemptive and dialyzed patient groups. 

 

Step 2: No RS model and overall test of RS  
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The LRT comparing the no RS model to the RS model of step 1 (Table 2) is significant (p < 

0.001), indicating the occurrence of RS between baseline and 3-month visit after 

transplantation. 

 

Step 3: Identification of RS 

Constraints on intercepts of the GH domain are relaxed in the preemptive and in the dialyzed 

patients’ groups, suggesting the occurrence of uniform recalibration RS. The Wald test indicates 

that RS occurs in the same way in both groups (p = 0.99) indicating a similar uniform 

recalibration. Intercept estimates (Table 3) suggest that, preemptive and dialyzed patients 

tended to report a better GH (approximately +6 points) at 3-month visit after KT (approximately 

52 points) compared to baseline (approximately 46 points) given similar mental HRQoL. No 

other RS effect has been identified on the other domains.  

 

RS detection between 3- and 6-month visits after KT 

From the final model of step 3, a model with RS is estimated (step 1) and compared to a no RS 

model (step 2) using a LRT. The LRT (Table 2) is significant (p = 0.039), indicating the 

occurrence of RS across these 2 visits. The parameter estimates for the final model are presented 

in Table 3 and the correlations between latent variables are presented in supplementary Table 

B. 

In step 3, the constraint on intercepts for the VT domain is relaxed in the preemptive patients’ 

group only suggesting the occurrence of uniform recalibration. The intercept estimates (Table 

3) of the VT domain suggest that, preemptive patients tended to report a better vitality 

(approximately +3 points) at 6-month visit after KT (approximately 48 points) compared to 3-

month visit (approximately 45 points) given similar mental HRQoL. No other RS effect has 

been identified on the other domains between these 2 visits.  
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RS effect sizes are estimated on the final model of step 3, between baseline and 3-month after 

KT, and 3- and 6- months after KT, in the preemptive and dialyzed groups(Table 4). A small 

uniform recalibration effect size is observed for the GH domain in preemptive and dialyzed 

patients’ groups, between baseline and 3-months after KT. A small uniform recalibration effect 

size is also observed for the VT domain in the preemptive group only, between 3- and 6-months 

after KT. 

 

Step 4: Target change assessment  

 Preemptive patients have on average a significant better physical HRQoL than patients in the 

dialysis group at baseline (+ 0.33, p = 0.006), with similar mental HRQoL (p = 0.98) (Table 5). 

The physical HRQoL (Figure 3) in the preemptive group remains stable before and 3 months 

after KT (p = 0.78), and a significant improvement between 3 and 6 months is evidenced after 

transplantation (+ 0.37, p < 0.001). For the dialyzed patients’ group, the physical HRQoL 

significantly increases over time (+ 0.20 between baseline and 3-month visits after 

transplantation, and + 0.25 between 3- and 6-month visits, p = 0.004). No RS was evidenced 

hence, estimation of the means of the physical HRQoL are not affected by RS (Figure 3). 

The mental HRQoL (Figure 4) improves significantly in preemptive and dialyzed patients’ 

groups between baseline and 3-month visit after transplantation (+ 0.63 and + 0.61, 

respectively, p < 0.001 for both groups), and then remains stable until 6 months’ post-

transplantation (p = 0.96 and p = 0.38, respectively). Although, RS was evidenced for mental 

HRQoL, estimated means were only slightly affected by RS (Figure 4).  

 

Discussion 

In this study, measurement invariance was not rejected between preemptive and 

dialyzed patients at baseline. It may suggest that patients’ perception of HRQoL did not differ 
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between groups, but it could also be related to a lack of power. RS has been detected on mental 

HRQoL but not on physical HRQoL. We found similar uniform recalibration on the GH domain 

for preemptive and dialyzed kidney transplant patients only between baseline and 3-month after 

transplantation. Patients tended to report a better general health after KT than before given 

similar mental HRQoL. It could be that patients think they should feel better because KT is an 

opportunity, and they do not want to be ungrateful [19]. An additional or alternative explanation 

is that GH domain is composed of items such as “In general, how would you say your health 

is?” which are broadly worded items. Such general and unspecific items may leave room for 

interpretation and therefore may be more prone to RS detection [32, 33].  

We found uniform recalibration on the VT domain, for preemptive patients only, 

between 3 (M3) and 6 (M6) months after transplantation. Preemptive patients tended to report 

a better perceived vitality at M6 compared to M3 given similar mental HRQoL. After 

transplantation, patients often experience restrictions and side effects of medication such as 

fatigue [19, 34], and the VT domain of the SF-36 questionnaire is often used as a marker of 

fatigue [35]. One explanation for this RS effect could be that preemptive patients probably 

expected to experience even greater levels of fatigue than they eventually did, which may not 

have been the case for the other patients already accustomed to the stress and fatigue associated 

with dialysis sessions [6, 7].  

The means of latent variables with or without RS adjustment were very similar (Figures 

3 and 4). The mental and physical HRQoL of patients tended to increase after KT in preemptive 

and dialyzed patients. Several studies assuming measurement invariance have shown better 

HRQoL (on SF-36 domains) in patients at 3 and 12 months after KT compared to before [6, 7]. 

A significant better physical HRQoL for preemptive compared to dialyzed patients was 

evidenced, which may suggest different supportive care needs between these patients before 

KT. The mental HRQoL mean was however similar at baseline between the two groups. 
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We observed small RS effects (Table 4), which may explain why small differences in 

estimated means were found whether RS was accounted for or not. In addition, a possible lack 

of power cannot be ruled out due to a small sample size compared to the number of estimated 

parameters in the SEM model. The proposed SEM procedure leads to a complex model with 

the estimation of many parameters. In our study, more than 100 parameters were estimated for 

the two-occasion SEM model for 374 included patients. Several  authors have proposed 

recommendations regarding SEM and sample size requirements [36–39]. For example, Little 

[36] suggested a sample size such as 500, while Hays et al. [37] recommended that the number 

of cases should be 10 cases per estimated parameter. But, other authors recommend to be careful 

with these rules of thumb [38, 39]. However, we can highlight that our procedure allows to limit 

the number of estimated parameters by adding measurement occasions step-by-step.  

 

Stringent approaches to model fit assessment are warranted but still debated, as for example the 

use of the χ² test of exact fit, due to its sensitivity to sample size and disputable inference testing 

aiming at not rejecting the null hypothesis [36, 40]. Alternative model fit indices have been 

developed (e.g. RMSEA, CFI, TLI, SRMR) but with arbitrary cut-off values to guide fit 

evaluation [36, 41] without providing evidence of local misfit. Hence, reporting of the χ² test 

and the former indices have been advised to be complemented by the inspection of standardized 

residual matrix [42], modification indices and associated expected parameter changes [43] in 

order to identify eventual misspecifications and local misfit. Our measurement model in step A 

was evaluated using the χ² test, which was significant, RMSEA and CFI, which indicated 

acceptable fit after addition of residual covariance that seems plausible according to the content 

of the SF36 domains. A further inspection of the model revealed that the majority of the residual 

covariance matrix components were <0.10 [42] and that modification indices were small with 

no sign of potential cross loadings. Moreover, no indication of misfit such as convergence 



 18 

problems, inflated standard errors or negative variances appeared. Hence, this model was 

considered as an acceptable measurement model for the analysis given the data at hand.  

A limitation of our study is the large number of tests performed in the procedure which may 

lead to chance findings. A word of caution is also warranted when lack of measurement 

invariance between groups or RS is detected on all domains. In these instances, it may not be 

wise to continue the procedure because the measurements are not comparable across the groups 

nor over time. Another limitation pertains to the assumption of linearity of measurement. 

Strategies for permitting arbitrary nonlinear relationships at the measurement level such as 

model-implied instrument variable-based SEM (MIIV-SEM) [44, 45] (REF) could be used and 

would be worth investigating. 

It may be of interest for future research to include exogenous variables such as the type 

of transplant (deceased or living donor transplant) that may influence  HRQoL and RS [19, 46]. 

Assessing changes in HRQoL and RS and between preemptive and dialyzed patients at the item 

level using item response or Rasch measurement theories [47, 48] could provide 

complementary insight to analyses performed at domain-level. 

 In conclusion, the procedure proposed in this paper allows detecting and taking into 

account RS on more than two occasions and between groups. In particular, our procedure also 

allows identifying the period where RS may have occurred. . Our study gives more insight into 

change in HRQoL after KT. Assessing measurement invariance can help targeting domains 

prone to more personalized psychological interventions according to previous dialysis 

experience.  
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Tables 

 
Table 1: Characteristics of the preemptive and dialyzed patients at baseline. 
    

  
Preemptive group  

(n = 178) 

Dialysis group  

(n = 196) 
p-value 

Center, n (%)   0.12 

Lyon 15 (8 %) 27 (14 %)  

Nantes 124 (70 %) 118 (60 %)  

Nice 39 (22 %) 51 (26 %)  

Sociodemographic data    

Age (years, mean ± SD [range]) 57 ± 14 [20-83] 55 ± 15 [21-86] 0.41 

Gender, n (%)   0.81 

Female 63 (35 %) 67 (34 %)  

Male 115 (65 %) 129 (66%)  

Transplantation associated data    

Types of transplants, n (%)   0.08 

Deceased donor transplant 109 (61 %) 137 (70 %)  

Living donor transplant 69 (39 %) 59 (30 %)  

Initial disease, n (%)   0.18 

Diabetes 11 (7 %) 25 (14 %)  
Glomerulonephritis 32 (20 %) 34 (18 %)  

Tubulo-interstitial nephritis 19 (12 %) 14 (8 %)  

Vascular disease 18 (11 %) 26 (14 %)  

Others 79 (50 %) 84 (46 %)  

Diabetes, n (%) 24 (7 %) 46 (13 %) 0.02 

Cardiovascular, n (%) 149 (41 %) 171 (47 %) 0.26 

Cancer, n (%) 22 (6 %) 19 (5 %) 0.41 

Time on waiting list 

transplantation (months, median 

(IQR)) 

10 (15) 13 (17) 0.24 

Time on dialysis (months, mean ± 

SD [range]) 
n/a 13.5 ± 9.1 [0-35] n/a 

SD standard deviation, IQR interquartile range, n/a not applicable 
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Table 2: Overall goodness-of-fit and differences between model fit in the procedure of investigation of measurement invariance  

 

Model Description 2  df 2/df RMSEA CFI LR p-value 

Detection of measurement non-invariance between groups at baseline       

Step A  Non-invariance between groups 66.51 31 2.15 0.078 0.972  -  - 

Step B  Invariance between groups 93.91 50 1.88 0.069 0.966 27.40 0.096 

Response shift detection between baseline and 3-month visit after 

transplantation   

 

    

Step 1  Response shift model 340.72 188 1.81 0.066 0.949  -  - 

Step 2  No response shift model 451.35 232 1.95 0.071 0.927 110.64 < 0.001 

Step 3  Final model  411.47 231 1.78 0.065 0.940 39.89* < 0.001 

Response shift detection between 3- and 6-month visits after 

transplantation   

 

    

Step 1 Response shift model 971.78 477 2.04 0.074 0.907 - - 

Step 2 No response shift model 1033.68 521 1.98 0.073 0.904 61.90 0.039 

Step 3 Final model  1021.74 520 1.96 0.072 0.906 11.94* < 0.001 

df, degree of freedom; RMSEA, Root-Mean-Square Error of Approximation; CFI, Comparative Fit Index; LR, likelihood ratio statistic; *: 

Likelihood Ratio (LR) test between models of the step 2 and 3; -: not applicable 
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Table 3: Parameters estimates for the final model of the procedure for three measurement occasions 

 

 Physical HRQoL Mental HRQoL 

  PF RP BP RE SF  VT MH GH 

Intercepts for 3 measurement occasions       

Dialyzed group 0.701 0.359 0.614 0.488 0.663 0.451 0.644 0.463/0.517/0.517 

Preemptive group 0.701 0.359 0.614 0.488 0.663 0.451/0.451/0.485 0.644 0.463/0.517/0.517 

Residual variances for 3 measurement occasions       

Dialyzed group 0.035 0.068 0.030 0.095 0.023 0.009 0.015 0.020 

Preemptive group 0.035 0.068 0.030 0.095 0.023 0.009 0.015 0.020 

Factor loadings for 3 measurement occasions       

Dialyzed group 0.120 0.293 0.144 0.273 0.152 0.166 0.113 0.107 

Preemptive group 0.120 0.293 0.144 0.273 0.152 0.166 0.113 0.107 

 Physical HRQoL Mental HRQoL 

  
Before 

transplantation 

3 months after 

transplantation 

6 months after 

transplantation 

Before 

transplantation 
3 months after transplantation 

6 months after 

transplantation 

Common factor variances       

Dialyzed group 1 1 1 1 1 1 1 1 

Preemptive group 0.926 0.926 0.926 0.926 1.010 1.010 1.010 1.010 

Common factor means             

Dialyzed group 0 0.196 0.196 0.444 0 0.610 0.610 0.685 

Preemptive group 0.326 0.296 0.296 0.662 -0.002 0.630 0.630 0.635 

Notes: Parameters estimates separated by a slash represent estimates for each measurement occasion when parameters are not constrained over time. 

For computational convenience, scores of the SF-36 questionnaire used for the SEM procedure have been divided by 100. Abbreviations: PF, Physical 

Functioning; RP, Role Physical; BP, Bodily Pain; RE, Role Emotional; SF, Social Functioning; VT, Vitality; MH, Mental Health; GH, General Health. 

Parameters estimates for common factor correlation between latent variables are presented in Supplementary Table B. 
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Table 4: Effect-sizes of observed change, response shift contribution, and target change for the final model of the procedure in preemptive and 

dialyzed groups 

 

 
Preemptive group  Dialyzed group  

  
Type of response shift 

Observed 

change 

Response 

shift 

contribution 

Target 

change 

contribution 

Type of response shift 
Observed 

change 

Response 

shift 

contribution 

Target 

change 

contribution 

Between baseline and 3 months after transplantation             

Physical Functioning (PF)   -0.02   -0.02  0.10   0.10 

Role Physical (RP) 
 -0.02  -0.02  0.12  0.12 

Bodily Pain (BP) 
 -0.02  -0.02  0.11  0.11 

Role Emotional (RE) 
 -0.02  -0.02  0.11  0.11 

Social Functioning (SF) 
 0.36  0.36  0.36  0.36 

Vitality (VT) 
 0.45  0.45  0.44  0.44 

Mental Health (MH) 
 0.38  0.38  0.40  0.40 

General Health (GH) Uniform recalibration 0.59 0.26 0.33 Uniform recalibration 0.56 0.25 0.31 

Between 3 months and 6 months after transplantation            

Physical Functioning (PF) 
 0.23  0.23  0.17   0.17 

Role Physical (RP) 
 0.22  0.22  0.17  0.17 

Bodily Pain (BP) 
 0.21  0.21  0.16  0.16 

Role Emotional (RE) 
 0.21  0.21  0.14  0.14 

Social Functioning (SF) 
 < 0.01  < 0.01  0.05  0.05 

Vitality (VT) Uniform recalibration 0.18 0.17 < 0.01  0.06  0.06 

Mental Health (MH) 
 < 0.01  < 0.01  0.05  0.05 

General Health (GH)   < 0.01   < 0.01   0.04   0.04 

Effect-sizes values of 0.2, 0.5, and 0.8 are considered "small", "medium", and "large" 
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Table 5: Effect estimates and standard error for group effect, time effect and their interaction using Wald tests, for the latent variables Mental and 

Physical HRQoL with or without RS adjustment 

 

 

  
Group effect at 

baseline 

Time effect between 

baseline and 3-months 

visit after kidney 

transplantation 

Time effect between 

3- and 6-months visit 

after kidney 

transplantation 

Interaction between 

group and time (baseline 

and 3-months visit after 

kidney transplantation) 

Interaction between 

group and time (3- and 

6-months visit after 

kidney transplantation) 

  
  

Estimate 

(SE) 
p-value 

Estimate 

(SE) 
p-value 

Estimate 

(SE) 
p-value 

Estimate 

(SE) 
p-value 

Estimate 

(SE) 
p-value 

With RS adjustment                

Mental 

HRQoL 

Dialyzed group 
-0.002 

(0.11) 
0.98 

0.61 (0.10) < 0.001 0.07 (0.08) 0.38 

0.02 (0.14) 0.87 -0.07 (0.13) 0.60 
Preemptive 

group 
0.63 (0.10) < 0.001 0.005 (0.10) 0.96 

Physical 

HRQoL 

Dialyzed group 
0.33 

(0.12) 
0.006 

0.20 (0.10) 0.043 0.25 (0.09) 0.004 

-0.23 (0.15) 0.12 0.12 (0.13) 0.38 
Preemptive 

group 
-0.003 (0.11) 0.78 0.37 (0.10) < 0.001 

Without RS adjustment           

Mental 

HRQoL 

Dialyzed group 
-0.02 

(0.11) 
0.84 

0.65 (0.10) < 0.001 0.064 (0.08) 0.45 

0.03 (0.14) 0.82 0.05 (0.12) 0.66 
Preemptive 

group 
0.69 (0.11) < 0.001 0.12 (0.09) 0.20 

Physical 

HRQoL 

Dialyzed group 

0.33 

(0.12) 
0.006 

0.20 (0.10) 0.041 0.25 (0.09) 0.004 

0.23 (0.15) 0.12 0.12 (0.13) 0.38 Preemptive 

group 
 -0.03 (0.11) 0.78 0.36 (0.10) < 0.001 

The dialyzed group is the reference group. SE, standard error 
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Figure legends 

 

Figure 1: Procedure to detect, assess and account for lack of measurement invariance between 

groups and response shift with more than two occasions. 

Notes: t corresponds to the number of measurement occasions with t=1 for the baseline visit 

before kidney transplantation, t=2 for the 3-month visit after transplantation, and t=3 for the 6-

month visit after transplantation. 

 

Figure 2: Measurement model at baseline (last visit before the kidney transplantation) for the 

SF-36 questionnaire (model for step A of the Part 1 of the procedure).  

Notes: The SEM model structure is the same for the dialyzed and preemptive patients group. 

To simplify the figure, the SEM structure is represented for one group only. Circles represent 

latent variables and rectangles represent observed variables. Single-headed arrows represent 

paths. Double-headed arrows represent covariation. Abbreviation: PF, Physical Functioning; 

RP, Role Physical; BP, Bodily Pain; RE, Role Emotional; SF, Social Functioning; VT, Vitality; 

MH, Mental Health; GH, General Health; Res, residual variance. 

 

Figure 3: Change in the mean of the latent variable physical HRQoL by group across 

measurement occasions. 

Notes: Circles and triangles symbol represent the dialyzed and preemptive patients group, 

respectively. The solid lines represent the means of the latent variable taking into account 

response shift. The dash lines represent the means of the latent variable without taking into 

account response shift; Measurement occasions are the last visit before kidney transplantation 

(baseline), 3- and 6-months visit after transplantation; *: significant time effect. 

 

Figure 4: Change in the mean of the latent variable mental HRQoL by group across 

measurement occasions. 

Notes: Circles and triangles symbol represent the dialyzed and preemptive patients group, 

respectively. The solid lines represent the means of the latent variable taking into account 

response shift. The dash lines represent the means of the latent variable without taking into 

account response shift; Measurement occasions are the last visit before kidney transplantation 

(baseline), 3- and 6-months visit after transplantation; *: significant time effect. 
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Supplementary Table A: Means, standard deviations and estimates of skewness and kurtosis for each domains of the SF-36 questionnaire, in 

preemptive and dialyzed group, at each measurement occasions 

 Before transplantation 3 months after transplantation 6 months after transplantation 

Domains 
Missing 

data 
Mean (SD) Skewness Kurtosis 

Missing 

data 
Mean (SD) Skewness Kurtosis 

Missing 

data 
Mean (SD) Skewness Kurtosis 

Dialyzed group                

PF 2 69.60 (24.03)  -0.85 2.90 11 72.56 (23.77)  -0.99 3.36 22 76.17 (22.41)  -1.13 3.86 

RP 4 36.81 (38.79) 0.57 1.79 13 40.12 (39.97) 0.40 1.58 23 51.73 (44.15)  -0.07 1.25 

BP 7 59.76 (22.51) 0.004 2.49 17 67.95 (23.52)  -0.28 2.30 28 67.40 (23.95)  -0.30 2.27 

RE 5 50.09 (44.70) 0.01 1.22 13 51.09 (42.71)  -0.02 1.32 22 63.70 (42.55)  -0.55 1.57 

SF  10 66.26 (22.46) 0.02 2.03 25 73.76 (21.93)  -0.67 2.77 25 76.68 (20.56)  -0.41 2.09 

VT 5 45.34 (19.10) 0.19 2.61 13 55.60 (19.70)  -0.19 2.64 23 57.22 (20.54)  -0.17 2.62 

MH 2 63.63 (19.09)  -0.42 2.52 13 70.77 (17.87)  -0.73 3.16 23 71.21 (16.80)  -0.54 2.79 

GH 1 46.44 (18.45) 0.24 2.18 13 59.02 (19.12)  -0.10 2.73 21 57.23 (19.91)  -0.002 2.57 

Preemptive group                

PF 3 76.05 (22.03)  -1.19 4.07 28 75.11 (23.52)  -1.33 4.29 30 77.61 (24.31)  -1.54 4.87 

RP 2 46.54 (39.37) 0.13 1.47 28 42.39 (41.75) 0.33 1.46 29 57.05 (39.21)  -0.32 1.57 

BP 4 63.81 (22.80)  -0.21 2.44 32 68.25 (22.52)  -0.28 2.38 34 70.76 (23.29)  -0.66 2.81 

RE 2 58.81 (41.67)  -0.37 1.49 26 56.14 (43.47)  -0.23 1.32 28 69.11 (39.78)  -0.85 2.10 

SF  3 68.29 (23.89)  -0.44 2.66 26 74.42 (23.17)  -0.80 3.08 30 75.93 (23.42)  0.85 2.91 

VT 2 43.88 (20.53) 0.16 2.64 25 55.91 (20.43)  -0.39 2.97 27 58.58 (18.84)  -0.44 2.72 

MH 1 65.85 (17.07)  -0.45 2.85 25 71.72 (17.65)  -0.71 3.13 26 72.09 (17.50)  -0.80 3.43 

GH 3 45.24 (17.92) 0.21 2.81 24 59.20 (18.21)  -0.22 2.73 27 58.64 (18.02)  -0.21 2.45 

SD, Standard Deviation; Abbreviations: PF, Physical Functioning; RP, Role Physical; BP, Bodily Pain; RE, Role Emotional; SF, Social Functioning; VT, 

Vitality; MH, Mental Health; GH, General Health. 
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Supplementary Table B: Parameter estimates for correlations between latent variables for the final model of the procedure for three measurement 

occasions 

  Physical HRQoL Mental HRQoL 

    
Before 

transplantation 

3 months after 

transplantation 

6 months after 

transplantation 

Before 

transplantation 

3 months after 

transplantation 

6 months after 

transplantation 

Dialyzed group      
  

Physical 

HRQoL 

Before transplantation 1     
  

3 months after 

transplantation 
0.439 1 

  
0 

  
6 months after 

transplantation 
0.392 0.576 1 0 0 

 

Mental 

HRQoL 

Before transplantation 0.755    1     

3 months after 

transplantation 
0 0.414   0.301 1 

 
6 months after 

transplantation 
0 0 0.530 0.229 0.455 1 

Preemptive group       

Physical 

HRQoL 

Before transplantation 0.926       
3 months after 

transplantation 
0.168 0.926 

  
0 

  
6 months after 

transplantation 
0.283 0.336 0.926 0 0 

  

Mental 

HRQoL 

Before transplantation 0.799    1.010   

3 months after 

transplantation 
0 0.543 

  
0.306 1.010 

 
6 months after 

transplantation 
0 0 0.624 0.165 0.426 1.010 

Notes: Parameters estimates separated by a slash represent estimates for each measurement occasion when parameters are not constrained over 

time. For computational convenience, scores of the SF-36 questionnaire used for the SEM procedure have been divided by 100. Abbreviations: 

PF, Physical Functioning; RP, Role Physical; BP, Bodily Pain; RE, Role Emotional; SF, Social Functioning; VT, Vitality; MH, Mental Health; 

GH, General Health. 

 


