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Abstract
Introduction: The influence of chronic kidney disease on quality of life (QoL) is usu-
ally measured with the Short Form-36 (SF-36) questionnaire. Frequently used shorter QoL 
questionnaires are the Short Form-12 (SF-12) and the EuroQol (EQ-5D), but these have not 
yet been validated in pre-dialysis patients. The aim of this study was to validate the SF-12 
and the EQ-5D questionnaire in pre-dialysis patients.

Methods: In a multi-center cohort study, incident pre-dialysis patients (>18y) were includ-
ed between 2004-2011 and followed until renal replacement therapy, death, or October 
2016. These patients completed QoL questionnaires every 6 months. Pearson correlation 
coefficients between the SF-12 and the SF-36, and between the EQ-5D and the SF-36 were 
calculated. Bland-Altman plots were used to assess limits of agreement, using Z-scores. 
Associations between the different measurement tools with time to start of dialysis and 
death were assessed with Cox regression analyses.

Results: The correlation between the Mental Component Score (MCS)-12 – MCS-36 and 
the Physical Component Score (PCS)-12 – PCS-36 were both 0.95, for EQ-5D – MCS-36 this 
was 0.37, and for EQ-5D – PCS-36 this was 0.57. All mean differences were 0, limits of agree-
ment ranged from -0.60 to 0.60 for MCS-12 – MCS-36 to -2.05 to 2.05 for EQ-5D – MCS-36. The 
adjusted HRs for start of dialysis and for death were similar using the SF-36 and the SF-12. 
The EQ-5D HR for start of dialysis was similar to the PCS-36 association. The EQ-5D HR for 
death was similar to the MCS-36. 

Conclusion: The SF-12 has better agreement with the SF-36 compared to the EQ-5D and 
can be used as a substitute for the SF-36 in pre-dialysis patients. 
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Introduction
Chronic kidney disease (CKD) is a leading cause of premature death and also an important 
disabling factor in daily life.[1-3] Patients with Chronic Kidney Disease, especially those 
with an estimated glomerular filtration rate (eGFR) below 30 ml/min/1.73m2 suffer from 
a great range of physical and psychological symptoms and are known to have a lower 
quality of life.[4, 5] Currently, focus is shifting from only attempting to improve prognosis in 
CKD patients towards also improving these so called patient reported outcomes.

One of the most essential patient reported outcomes is the health related quality of life 
(HRQoL). In CKD patients a decrease in HRQoL is associated with an increased risk of end 
stage renal disease (ESRD) and mortality.[6, 7] In dialysis patients a lower HRQoL is associ-
ated with hospitalization, dialysis vintage, lower residual kidney function and mortality.[8, 
9] 

The most frequently used questionnaire to assess HRQoL is the Short Form 36 (SF-36). 
The SF-36 contains 36 items, which measure health on eight dimensions, as well as overall 
physical and mental component scores (PCS-36 and MCS-36).[10] Unfortunately, the SF-36 
can take up to 12 minutes for a patient to complete and is therefore often considered too 
long for inclusion in large scale monitoring efforts. Therefore, shorter questionnaires are 
used when patients are asked to fill in multiple questionnaires. 

Two frequently used shorter HRQoL questionnaires are the Short Form-12 (SF-12) and 
the EuroQol questionnaire (EQ-5D).[11-15] The SF-12 is an abbreviated version of the SF-
36, reducing the number of items down to 12. In contrast to the SF-36, which measures 
eight health domains, the SF-12 measures health only by physical and mental component 
scores (PCS-12 and MCS-12). The EQ-5D consists of a health valuation questionnaire and a 
visual analogue scale (VAS). The EQ-5D questionnaire results in a single index score based 
on five questions covering; mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression. The VAS records the patient’s self-reported health valuation on a vertical 
axis ranging from 0 to 100. The questionnaire of the EQ-5D is the part that is generally used 
as a HRQoL measurement tool.[13, 16, 17] 

Ideally, a short questionnaire improves efficiency while remaining almost as valid as a 
long questionnaire, such as the standard SF-36. The SF-12 and EQ-5D have been validated 
for multiple chronic diseases in multiple populations, including dialysis and kidney trans-
plant patients, but have not yet been validated in pre-dialysis patients.[13, 18, 19] Since 
pre-dialysis patients differ from the aforementioned patients and have a specific medical 
treatment, perceived physical and mental health may be dissimilar. Therefore, the aim of 
this study is to validate the SF-12 and the EQ-5D questionnaire in pre-dialysis patients us-
ing the SF-36 as a reference. 
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Methods

Study design and population

The PREPARE-2 study is a prospective cohort study of incident pre-dialysis care patients (≥18 
y) who had an estimated glomerular filtration rate (eGFR) of less than 30 ml/min/1.73m² 
and progressive renal function loss. Patients with a failing kidney transplant who were 
transplanted at least one year ago were also eligible for inclusion. For this study all patients 
with complete SF-36 component scores were included. The PREPARE-2 study has been 
described in detail elsewhere.[20] In brief, patients were recruited in one of 25 nephrology 
specialized pre-dialysis outpatient clinics in the Netherlands between July 2004 and June 
2011. All patients were treated by their nephrologist in accordance with the treatment 
guidelines of the Dutch Federation of Nephrology, guidelines partly based on the K/DOQI 
and EBPG guidelines.[21-24] Patients were followed from the start of pre-dialysis care until 
start of dialysis, kidney transplantation, death or censoring. Censoring was applied in case 
of: refusal for further participation, recovery of kidney function, moving to an outpatient 
clinic not participating in the PREPARE-2 study, loss to follow up or October 2016 (end of 
follow up), whichever came first. This study was approved by the medical ethics committee 
or institutional review boards (as appropriate) of all participating centers. Written informed 
consent was obtained from all patients.

Health Related Quality of Life Questionnaires

Both the SF-36 and the EQ-5D were part of the HRQoL questionnaire in the PREPARE-2 
study, and were measured every six months. The SF-36 Health Survey consists of 36 
multiple choice questions with standardized responses, of which 35 are organized into 
eight multi item domains (supplemental table 1).[25] The 36th question asks how health 
has changed over a specified time period (in this study: three months), this question is 
not included in the eight domains. These eight domains are used to form two component 
scores, referred to as the PCS-36, consisting of physical functioning, role limitations due to 
physical problems and bodily pain dimensions, and the MCS-36, consisting of social func-
tioning, role limitations due to emotional problems and mental health dimensions. The 
component scores share the domains general health and vitality. At least half of the items 
per domain have to be complete for a domain to be scored. The component scores are a 
weighted summary score of the domains.[26] The PCS-36 and MCS-36 are calculated using 
norm based scoring, which employs linear transformation to achieve standardized scores 
with a mean of 50 and a standard deviation of 10.[27] A score over 50 can be interpreted 
as above average. We used the United States (US) population as a reference group.[28] We 
used the first version of the SF-36 questionnaire.[25] The SF-12 is obtained by extracting 12 
questions from the SF-36 (supplemental table 1). The SF-12 does not have enough items 
to assess eight domains but solely calculates the two component scores. In the SF-12 all 
items have to be complete in order to calculate physical and mental component scores.
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[29] The PCS-12 and MCS-12 regression weights were calculated with norm based scoring 
to achieve standardized scores with a mean of 50 and a standard deviation of 10, using the 
US population as the reference group.[29, 30] 

The EQ-5D questionnaire measures quality of life by five dimensions (supplemental table 
2a).[31] The five dimensions are scored as follows: no, some, or extreme problems. The five 
dimensions are summarized in a single score by applying a weight to each dimension score 
according to the time trade-off valuation technique (TTO), explained in detail elsewhere.
[32] In short, the TTO creates a set of values based on the opinion of a group Dutch citizens. 
This value set results in a so-called tariff score ranging from -0.33 to 1.00. Higher scores 
indicate a better quality of life. A score of zero indicates that the quality of life is equal to 
death. 

Statistical analyses

Baseline characteristics were presented as mean ± standard deviation (SD) for normally 
distributed continuous variables, skewed continuous variables as median with interquar-
tile range (IQR). Multiple imputation was used to minimize the risk of bias and obtain 
correct standard errors.[33] Missing values of PCS-12 and MCS-12 scores, EQ-5D scores at 
baseline, and of possible confounders were imputed (using 10 repetitions). 

Both construct validity and external validity were investigated. We defined construct 
validity as the extent to which the short questionnaires actually measure QoL. We defined 
external validity as the performance of the short questionnaires when measuring external 
constructs. Construct validity was measured by comparing the SF-12 and EQ-5D with our 
reference, the SF-36. External validity was assessed by using symptoms, the VAS part of 
EuroQol, the health change question from the SF-36, start of dialysis and death as external 
constructs.

First, for construct validity, Pearson correlation coefficients were calculated for the MCS-
12 and PCS-12 and the EQ-5D on the one hand with the MCS-36 and PCS-36 on the other 
hand. This was done at baseline, after six months and after 12 months of follow-up. In all 
analyses, the MCS-12 was compared to the MCS-36 and the PCS-12 was compared to the 
PCS-36. The EQ-5D scores were compared with both the MCS-36 and the PCS-36. Changes 
over time in the aforementioned questionnaire scores were calculated and Pearson cor-
relation coefficients were calculated for these changes. The Pearson correlation coefficient 
was favored over the intra-class correlation coefficient, since the EQ-5D has a different 
scoring system as compared with the SF questionnaires. This results in a systematic error 
which is not of interest for validating the questionnaires, which is ignored when using a 
Pearson correlation coefficient.[34] Second, agreement between the SF-12 and the EQ-5D 
on the one hand and the SF-36 on the other was assessed with Bland –Altman plots.[35] 
In this plot individual differences in scores are plotted against the mean of two different 
questionnaire measurements (e.g. MCS-12 vs MCS-36, PCS-12 vs PCS-36, EQ-5D vs MCS-36, 
EQ-5D vs PCS-36 ). Horizontal lines show the population average of all individual differ-
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ences and the 95% limits of agreement (mean difference ±1.96 standard deviation of the 
differences). To create comparable scores for all questionnaires, and take the systematic 
error caused by the different scoring systems into account, Z-scores were calculated for the 
five different questionnaire components. 

Next, for external validation, Pearson or Spearman correlation coefficients were calcu-
lated for the different questionnaire components as appropriate for our three numerical 
and ordinal external constructs, in this case symptom frequency, the VAS part of the Euro-
Qol, and the health change question from the SF-36. Symptom frequency was measured in 
the patient questionnaires by evaluating the occurrence of 14 different symptoms, which 
resulted in a symptom frequency score ranging from 0 to 14. The VAS is the second part of 
the EuroQol, not used to measure HRQoL (supplemental table 2b). This is a thermometer 
on which patients can mark their own current health status from zero (worst imaginable 
health state) to 100 (best imaginable health state).[31] The health change question in 
the SF-36 ranges from 1; large increase in health over the past three months, to 5; large 
decrease in health over the past three months. The correlations with these three external 
constructs were calculated at baseline, after six months, and after 12 months of follow-up. 
The correlation for changes between baseline and six months of follow-up were calculated 
as well. Correlations with the external constructs should be similar for questionnaire scores 
measuring the same construct, in this case HRQoL.

Finally, the association between the five questionnaire components (MCS-36, PCS-36, 
MCS-12, PCS-12, and EQ-5D) and our two time to event external measurements start of 
dialysis and mortality were estimated with Cox proportional hazard regression analyses. 
Analyses were adjusted for the confounders age, sex, ethnicity, and primary kidney dis-
ease. For these analyses the different questionnaire components were transformed into 
Z-scores. This should result in similar hazard ratios for questionnaire scores measuring the 
same construct. Follow-up time was defined as time between baseline visit of the patient 
and the start of dialysis, renal replacement therapy (RRT), death, withdrawal or end of 
follow-up (October 2016). To estimate the median follow up time, a reversed Kaplan-Meier 
was used. 

In a sensitivity analysis we repeated all analyses without using multiple imputation for 
missing values. All analyses were performed using SPSS version 23.0 for Windows.

Results
Of the 502 pre-dialysis patients in PREPARE-2, 433 patients had complete SF-36 compo-
nent scores at baseline. Table 1 shows the baseline characteristics for the 433 patients with 
complete component scores and for the 69 patients with incomplete component scores. 
Patients with complete SF-36 component scores at baseline were more often women, 
less often had diabetes mellitus as primary kidney disease, suffered more often from 
cardiovascular disease, and had a higher kidney function as compared with patients with 
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an incomplete questionnaire. Education, current employment and having children were 
incomparable for the two groups, since these questions were part of the questionnaire 
and therefore missing for almost all patients with an incomplete questionnaire. All further 
analyses were performed in the 433 patients with complete SF-36 component scores.

Table 1. Baseline characteristics of 502 pre-dialysis patients with complete and incomplete SF-36 
component scores 

Patients with complete SF-
scores (N=433)

Patients with incomplete SF-
scores (N=69)

Sex, men 287 (66) 54 (78)

Age, years 69 (56-76) 66 (49-75)

Ethnicity, Caucasian 401 (93) 61 (88)

Marital status, married or living together 304 (70) -

Education

	 Low 97 (23) -

	 Intermediate 254 (59) -

	 High 60 (14) -

	 Other 13 (3) -

Children, yes 358 (83) -

Employment, yes 108 (25) -

Primary kidney disease

	 Diabetes Mellitus 57 (13) 15 (22)

	 Glomerulonephritis 58 (13) 9 (13)

Renal vascular disease 133 (31) 21 (31)

	 Other 185 (43) 24 (35)

Cardiovascular disease, yes a 182 (42) 25 (36)

Diabetes Mellitus, yes b 111 (26) 19 (28)

Congestive heart failure, yes c 51 (12) 10 (15)

Systolic blood pressure, mmHg 142 (22) 147 (21)

Hemoglobin, mmol/l 7.7 (0.9) 7.6 (0.8)

Serum creatinine, μmol/l 350 (112) 402 (130)

eGFR, ml/min/1.73 m2 d 14.5 (11.4-18.9) 13.2 (10.0-16.3)

Proteinuria, g/24h 1.0 (0.4-2.1) 1.3 (0.6-2.6)

SF; Short Form
Values are given as number (percentage of the total), means ± SD or median (interquartile range).
a Defined as presence of coronary artery disease, a history of cardiovascular accident, peripheral vascular dis-
ease, or myocardial infarction. b Defined as the presence of diabetes mellitus as primary kidney disease or a his-
tory of diabetes mellitus. c Defined as a history of congestive heart failure d eGFR (estimated glomerular filtration 
rate) is calculated with the CKD EPI (Chronic Kidney Disease Epidemiology Collaboration) formula 2009.
Number of missings: Complete SF-36 component scores; marital status 2, children 4, education 9, employment 
8, hemoglobin 54, proteinuria 218, eGFR 51, creatinine 51, systolic blood pressure 4. Incomplete SF-36 compo-
nent scores; marital status 66, children 66, education 66, employment 66 hemoglobin 6, proteinuria 37, eGFR 
13, creatinine 13t
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Construct validity

At baseline correlations between the SF-12 and the SF-36 were high, with a Pearson corre-
lation coefficient of 0.95 for both the MCS and the PCS (table 2a). The correlations between 
the EQ-5D and the SF-36 were lower, with a lower correlation between the EQ-5D and the 
MCS as compared with the correlation with the PCS. After 6 and 12 months of follow-up cor-
relations were comparable (table 2a). The correlations for change over time in component 
scores were all slightly weaker as compared with the cross-sectional correlations (table 
2b). However, the correlations between the SF-12 and SF-36 remained high (0.92 for the 
MCS, 0.88 for the PCS). 

In order to create Z-scores the SD was calculated for each score. This was 9.4 for the MCS-
36, 10.2 for the PCS-36, 9.4 for the MCS-12, 9.9 for the PCS-12, and 0.2 for the EQ-5D. In figure 
1 the Bland-Altman plots show the individual Z-score differences between the different 
SF-12 and EQ-5D with the SF-36 components at baseline. Limits of agreement ranged from 
-0.60 to 0.60 SD for the MCS-12 scores, from -0.58 to 0.62 SD for the PCS-12 scores, from 
-2.05 to 2.05 SD for the EQ-5D and the MCS-36, and from -1.69 to 1.73 SD for the EQ-5D and 
the PCS-36. For changes over time in the component scores the limits of agreement were 
somewhat wider for all comparisons (Supplemental figure 1). 

External validity

Table 3 shows the Pearson and Spearman correlation coefficients for the SF-36, SF-12 
components, and the EQ-5D with the external constructs symptom frequency, VAS, and 
the health change question. The negative correlations indicate that an increase in HRQoL 

Table 2a. Pearson correlation coefficients of the SF-36 component scores at baseline, after 6 and 12 
months with the time corresponding SF-12 component scores and EQ-5D score

Baseline 6 months follow-up 12 months follow-up

SF-36 MCS SF-36 PCS SF-36 MCS SF-36 PCS SF-36 MCS SF-36 PCS

SF-12 MCS 0.95 - 0.96 - 0.96 -

SF-12 PCS - 0.95 - 0.96 - 0.95

EQ-5D 0.37 0.57 0.45 0.62 0.47 0.60

SF; Short Form, EQ-5D; EuroQol 5D, MCS; mental component summary, PCS; physical component summary

Table 2b. Pearson correlation coefficients of the changes in SF-36 component scores with the 
changes in the SF-12 component scores and EQ-5D score during follow-up

0-6 months 6-12 months 

SF-36 MCS SF-36 PCS SF-36 MCS SF-36 PCS

SF-12 MCS 0.92 - 0.91 -

SF-12 PCS - 0.88 - 0.89

EQ-5D 0.30 0.31 0.39 0.26

SF; Short Form, EQ-5D; EuroQol 5D, MCS; mental component summary, PCS; physical component summary
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is correlated with a decrease in respectively symptoms and the health change question (in 
which a low score is the most positive). The positive correlations indicate that an increase 
in HRQoL is correlated with an increase in the VAS score. The correlations for the SF-36 and 
SF-12 PCS and MCS were virtually the same. At baseline, the EQ-5D showed a correlation 
comparable to the PCS-36 correlation with symptom frequency, had a correlation with the 
VAS in between the PCS-36 and MCS-36 correlations, and had a somewhat lower correlation 
with the health change question compared to both the PCS-36 and MCS-36 correlations. 

Figure 1. Bland-Altman plots showing mean difference and 95% limits of agreement between Z-
scores of the SF-36, SF-12, and EQ-5D

a. MCS-36 and MCS-12 (n=381) b. PCS-36 and PCS-12 (n=381)

Horizontal lines show the population average of all in-
dividual differences (mean: 0.00) and the 95% limits of 
agreement (mean difference ±1.96 standard deviation 
of the differences): -0.60, +0.60

Horizontal lines show the population average of all in-
dividual differences (mean: 0.02) and the 95% limits of 
agreement (mean difference ±1.96 standard deviation 
of the differences): -0.58, 0.62

c. MCS-36 and EQ-5D score (n=413) d. PCS-36 and EQ-5D score (n=413)

Horizontal lines show the population average of all in-
dividual differences (mean: 0.00) and the 95% limits of 
agreement (mean difference ±1.96 standard deviation 
of the differences): -2.05, 2.05

Horizontal lines show the population average of all in-
dividual differences (mean: 0.02) and the 95% limits of 
agreement (mean difference ±1.96 standard deviation 
of the differences): - 1.69, 1.73
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The calculated correlations for change in components and symptom frequency over time 
were very low for all components. The correlation of change in EQ-5D with change in symp-
tom frequency was very similar to that of change in PCS-36. Correlations with change in VAS 
between 0 and 6 months were similar for change in SF-36 and SF-12 component scores, 
the change in EQ-5D correlation was similar to that of the change in PCS-36. Correlations 
with change in the health change question were very similar for change in SF-36 and SF-12 
components, the change in EQ-5D had a correlation similar to that of the change in MCS-36.

Median follow-up time was 51 (38-63) months. Table 4a shows the association between 
the different questionnaire components with start of dialysis in a Cox regression analysis. 
An increase in MCS, PCS, and in EQ-5D score were all associated with a lower risk to start 
dialysis. This decrease was significant for the MCS in both the SF-36 and the SF-12. The SF-
36 and SF-12 showed the same associations with start of dialysis. The EQ-5D showed the 
same association as the PCS-36. All 95% CIs overlapped. All five questionnaire components 
were associated with a lower mortality when increasing (table 4b). The MCS-12 and EQ-5D 
scores had the same association as compared with the MCS-36. The PCS-12 had similar 
associations as compared with the PCS-36.

Repeating all analyses without multiple imputation did not essentially change the results.

Table 3. Pearson and Spearman correlation coefficients between a. symptom frequency, b. EuroQol 
Visual Analogue Scale, c. the health change question at baseline, after 6 and 12 months with the 
time corresponding SF-36 component scores, SF-12 component scores, and EQ-5D score

Baseline 6 months follow-up 12 months follow-up

a. Symptom frequency

SF-36 MCS -0.29 -0.32 -0.38

SF-36 PCS -0.38 -0.33 -0.42

SF-12 MCS -0.30 -0.33 -0.38

SF-12 PCS -0.37 -0.32 -0.44

EQ-5D -0.39 -0.41 -0.43

b. EuroQol Visual Analogue Scale

SF-36 MCS 0.38 0.39 0.55

SF-36 PCS 0.60 0.60 0.65

SF-12 MCS 0.42 0.38 0.55

SF-12 PCS 0.60 0.62 0.68

EQ-5D 0.47 0.49 0.61

c. Health change question

SF-36 MCS -0.36 -0.32 -0.32

SF-36 PCS -0.39 -0.37 -0.42

SF-12 MCS -0.38 -0.36 -0.31

SF-12 PCS -0.42 -0.42 -0.40

EQ-5D -0.31 -0.32 -0.44

SF; Short Form, EQ-5D; EuroQol 5D, MCS; mental component summary, PCS; physical component summary
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Discussion
In this study we found a better agreement between the SF-12 and the SF-36 as compared 
with the agreement between the EQ-5D and the SF-36, both for measurements at a single 
point in time and for changes over time. This was most pronounced in direct comparisons 
with the SF-36. In external validations the EQ-5D largely corresponded with the PCS-36.

In more detail, the Pearson correlation coefficient was high between the PCS-12 and PCS-
36, as well as between the MCS-12 and MCS-36. The correlation was much lower between 
the EQ-5D and MCS-36. Between the EQ-5D and the PCS-36 the correlation was moderate. 
Over time correlations remained the same, except for the correlation between the EQ-5D 
and MCS-36 which improved slightly. The correlations for change over time were lower for 
most comparisons between the scores. In contrast, the correlations between the SF-12 
and SF-36 remained very high. The Bland-Altman plots showed the largest 95% limits of 
agreement when comparing the EQ-5D with the SF-36 components and thus the lowest 
agreement.

Validating the questionnaires externally with symptom frequency, the VAS, and the 
health change question resulted in similar correlations for the SF-12 and SF-36, both for 

Table 4a. Crude and adjusted hazard ratio (95%CI) for start of dialysis per 1 SD increase in SF-36 
component scores, SF-12 component scores, and EQ-5D scores

HR (95% CI) 
Crude

HR (95% CI) 
Adjusted*

SF-36 MCS 0.83 (0.73-0.93) 0.83 (0.73-0.94)

SF-36 PCS 0.94 (0.84-1.05) 0.92 (0.82-1.04)

SF-12 MCS 0.83 (0.74-0.94) 0.83 (0.74-0.94)

SF-12 PCS 0.94 (0.84-1.06) 0.92 (0.82-1.04)

EQ-5D 0.93 (0.83-1.04) 0.92 (0.82-1.04)

SF; Short Form, EQ-5D; EuroQol 5D, SD; standard deviation, MCS; mental component summary, PCS; physical 
component summary, HR; hazard ratio, CI; confidence interval
*Adjusted for: Age, sex, race, primary kidney disease

Table 4b. Crude and adjusted hazard ratio (95% CI) for mortality per 1 SD increase in SF-36 compo-
nent scores, SF-12 component scores, and EQ-5D scores

HR (95% CI) 
Crude

HR (95% CI) 
Adjusted*

SF-36 MCS 0.88 (0.63-1.21) 0.82 (0.60-1.12) 

SF-36 PCS 0.61 (0.45-0.81) 0.68 (0.51-0.92)

SF-12 MCS 0.83 (0.61-1.14) 0.81 (0.60-1.10)

SF-12 PCS 0.60 (0.44-0.81) 0.67 (0.49-0.91)

EQ-5D 0.84 (0.64-1.11) 0.84 (0.63-1.13)

SF; Short Form, EQ-5D; EuroQol 5D, SD; standard deviation, MCS; mental component summary, PCS; physical 
component summary, HR; hazard ratio, CI; confidence interval *Adjusted for: Age, sex, race, primary kidney dis-
ease
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a single point in time and for change over time. The EQ-5D had correlations comparable 
to the SF-36 PCS score. The correlation between the EQ-5D and VAS was in between the 
correlations for VAS with PCS-36 and VAS with MCS-36, and the correlation of EQ-5D with 
the health change question was somewhat lower compared to the health change question 
with PCS-36 and MCS-36 correlations. Calculating associations with start of dialysis re-
sulted in similar HRs for the SF-12 and the SF-36, the EQ-5D associations were comparable 
to the SF-36 PCS association. The associations with death were similar for the SF-12 and 
the SF-36. The EQ-5D association with death was comparable to that of the MCS-36.

The type of questions in the EQ-5D could explain why most comparisons show a similar-
ity to the PCS-36 score, and to a lesser extent to the MCS-36 score. The five questions that 
result in the tariff score mainly reflect physical limitations, with just one question on anxi-
ety and depression. Most likely, as a consequence this results in more similarities with the 
physical part of the SF-36 as compared with the mental part. Given this explanation, the 
similarity with MCS-36 for the association with death seems counterintuitive. However, the 
associations with death are simply lower for both the EQ-5D and the MCS-36 as compared 
with the PCS-36 score. This can be explained by the type of questions in the MCS-36, since 
it is likely that physical suffering has a higher association with death as compared with 
mental problems.

As far as we know this is the first study validating the SF-12 and EQ-5D in pre-dialysis 
patients. In dialysis patients the SF-12 has been validated multiple times.[18, 19, 36] Both 
cross-sectional validation and validation over time showed a good agreement between 
the SF-12 and the SF-36 in these studies which is in concordance with our study. The EQ-
5D has not been completely validated in dialysis patients, but change over time in EQ-5D 
scores has been compared with change over time in SF-36 and SF-12 scores by Loosman 
et al.[19] The correlations between the change in SF-scores and change in EQ-5D scores 
were moderate and equal for both the SF-36 and SF-12, which is similar to the results in 
our study. In kidney transplant patients the EQ-5D has been validated.[13] When testing 
concurrent validity, Cleemput et al. found a larger agreement between the EQ-5D and the 
PCS as compared with the agreement between the EQ-5D and the MCS, this is similar in 
our study.[13]

Our study had several limitations. First, we decided to use the SF-36 as our reference. 
Although this is not formally established as being the gold standard to measure QoL, QoL 
cannot be measured directly and the use of a questionnaire is necessary. When search-
ing PubMed for QoL questionnaires the SF-36 is by far the most often used questionnaire. 
Choosing the SF-36 as a reference results in two component scores as an outcome, namely 
the MCS and PCS. When comparing the SF-12 with the SF-36, both questionnaires have the 
same component scores which makes comparisons easy. In contrast, the EQ-5D generates 
one single score which makes the comparison with the SF-36 more cumbersome. The total 
score of the EQ-5D consists of 4 questions regarding physical problems and 1 question 
regarding mental problems, making the higher correlations with the PCS understandable. 
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Finally, some of the baseline characteristics between patients with and patients without 
a QoL questionnaire differed. It is not likely this influenced the correlations between the 
questionnaires, but this affects generalizability.

Main strength is that this is the first study validating the SF-12 and EQ-5D in pre-dialysis 
patients. This an important step in achieving large scale monitoring in this patient group 
with the use of validated questionnaires with limited time consumption for the patient. An-
other strength is the extensive validation of the questionnaires, not only comparing to our 
golden standard the SF-36, but also with different external constructs, such as symptom 
frequency, the VAS from the EuroQol, and start of dialysis. Finally, we had a large sample 
of pre-dialysis patients who were followed over time, providing us with the opportunity to 
expand the validation with measurements over time.

In conclusion, the SF-12 had good agreement with the SF-36 and can be used as a substi-
tute for the SF-36 when this questionnaire is considered too long. The EQ-5D in general had 
lower agreement with the SF-36 as compared with the SF-12 and should not be first choice 
to substitute the SF-36 when measuring quality of life in pre-dialysis patients.
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