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Study Design. A systematic review.
Objective. To determine predictors of outcome of mul-

tidisciplinary rehabilitation–or back school treatment for
patients with chronic low back pain.

Summary of Background Data. Numerous reviews
have been performed to gain insight into which patients
benefit from which treatment. However, no review has
systematically focused on predictors from multiple do-
mains (i.e., sociodemographic, physical, and psychologi-
cal), or on treatment outcome measured as activity limi-
tation or participation restriction.

Methods. Studies were found by searching medical
and psychological databases, and screening references.
Two reviewers independently assessed the methodolog-
ical quality using standard criteria. Studies were only in-
cluded if they met a predefined level of internal validity. A
qualitative analysis was performed.

Results. Heterogeneity among studies in patient char-
acteristics, predictors, treatment, and outcomes limited
evidence. All reviewed studies were descriptive or explor-
atory in nature. Consistent evidence was found for the
predictive value of pain intensity (more pain3 worse out-
come), several work-related parameters (e.g., high satis-
faction3 better outcome), and coping style (less active
coping3 better outcome). Other sociodemographic and
physical variables consistently lacked predictive value.
No consistent evidence was found for other psychological
variables.

Conclusions. It is impossible to define a generic set of
predictors of outcome of multidisciplinary rehabilitation
and back schools for patients with chronic low back pain
because the reviewed studies were descriptive or explor-
atory in nature, and most predictors were only studied
once. Nevertheless, for several predictors, consistent ev-
idence was found. Large confirmatory studies are needed
to test the value of these predictors.

Key words: chronic low back pain, predictor, rehabili-
tation, treatment, outcome. Spine 2005;30:813–825

Chronic low back pain (CLBP) is a complex problem,
and multiple authors have emphasized the biopsychoso-
cial influences on the development of chronicity.1–7 The
multidimensional approach of CLBP has now been
widely recognized. A variety of multidisciplinary treat-
ments have been developed that focus on restoration of
functional activity. Several systematic reviews8–13 and
meta-analyses14,15 have been published. The conclusions
are not uniform, and the efficacy of multidisciplinary
treatment of CLBP is not yet clearly proven.

One of the explanations for this limited evidence
could be the heterogeneity of the CLBP population,
which makes it unlikely that one treatment benefits all.16

Because of this result, it is important to understand
which subtypes of patients benefit from which treatment
module. Unfortunately, there is insufficient knowledge
about the prognosis of different subgroups of pa-
tients.2,15 To improve this insight, several reviews have
been performed that study predictive factors of treat-
ment outcome in patients with chronic (low back)
pain.2,3,17–25

Regarding the non-systematic reviews, a great variabil-
ity is found in study population, type of treatment, outcome
measures, or duration of follow-up.2,3,19–22,24,25 First, the
patient characteristics differ. Some describe the heteroge-
neous pain population and do not focus specifically on low
back pain (LBP).20,22–25 Others do not confine themselves
to either acute or chronic LBP3,20,24 or specific or nonspe-
cific CLBP.18,20,24 Second, most studies investigate a variety
of outcome measures (e.g., pain reduction, return to work).
Third, several studies include different and often poorly de-
fined treatments (e.g., conservative, multimodal, surgi-
cal).2,3,17,19,20,23 Fourth, studies differ in duration of fol-
low-up. Finally, the studies include different potential
predictors in the analyses, thus making comparison diffi-
cult.19 Based on this result, it is difficult to draw a final
conclusion about prognostic factors of treatment outcome,
and systematic reviews are necessary.

Moreover, 3 of the published reviews are systematic
reviews17,18,23 and study predictive factors of multidisci-
plinary treatment outcome of patients with CLBP. Only
one of these reviews18 addressed the concept of multidi-
mensionality by including prognostic factors from differ-
ent domains (i.e., sociodemographic, physical, and psy-
chological). However, this review did not focus on
outcome measures as disability or handicap but only on
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return-to-work rate. Therefore, there is a need for a sys-
tematic review focusing on prognostic factors from mul-
tiple domains, and the outcome measures disability and
handicap. It is expected that gained insight from this
review will facilitate patient classification into more ho-
mogeneous subgroups, which are likely to benefit from
rehabilitation treatment.16,21,26–32

The objective of this systematic review is to determine
which factors (i.e., sociodemographic, physical, and psy-
chological) predict outcome of rehabilitation treatment
(i.e., multidisciplinary treatment or back schools) of pa-
tients with nonspecific CLBP. Outcome is defined as ac-
tivity limitation (i.e., difficulties an individual may have
in executing activities) and participation restriction (i.e.,
problems an individual may have in life situations).33

Methods

The Review Process. In the first stage of the review process,
2 reviewers (M.v.d.H. and M.V.-H.) selected the studies to be
included in the systematic review.34,35 In the second stage, both
reviewers independently assessed the methodological quality of
the studies and excluded studies that were not internally valid
from the final review. Disagreements concerning inclusion and
quality assessment of studies were resolved by consensus, and a
third independent reviewer (M.IJ.) could be consulted to make the
final decision. From a practical point of view, articles were not
blinded for authors, institution, journal, results, or conclusions.

Search Strategy

Appropriate Studies Were Traced by:

● A computer-aided search of the Medline, Psychinfo,
Picarta, Web of Science, The Cochrane Library databases
up to August 2003, and the Embase and Cinahl up to Sep-
tember 2003.
● Screening references given in relevant, identified publica-
tions (reviews, included articles).
● Manual search of relevant journals: Spine (to August
2003) and Pain (to August 2003), American Pain Society
bulletin to August 2003 (www.ampainsoc.org).
● Recommended literature by experts in the field.

The most relevant used key words were: LBP, chronic, pre-
dictor, prognosis, treatment, therapy, rehabilitation, multidis-
ciplinary, functional restoration, outcome, and effect. Articles
published in English, German, French, or Dutch were included.

Inclusion and Exclusion Criteria

Types of Studies. (Non) randomized controlled trials (RCT)
and prospective cohort studies were included. RCT were in-
cluded if data concerning prognostic factors for treatment out-
come could be extracted from the study cohort.

Types of Participants. Subjects between 18 and 65 years of
age, with as primary complaint chronic nonspecific LBP (more
than 12 weeks continual or recurrent episodes of LBP).15,36

LBP is defined as pain under the scapulas, above the cleft of the
buttocks, with or without radiation to the lower extremi-
ties.36,37 Excluded were subjects with specific causes of LBP
(e.g., inflammatory disease, radicular syndrome), back surgery

in the last 6 months, or a medical contraindication for active
rehabilitation.

Types of Interventions. Multidisciplinary treatments and
back schools were included. Multidisciplinary treatment was
defined as physician consultation in addition to psychological,
social, or vocational intervention, or a combination of these
interventions.10 Back schools at least consisted of an education
and skills program, and included an exercise regimen. Instruc-
tions were given in groups, supervised by a physiotherapist or
other (para)medical therapist.11 Excluded were all other treat-
ments or if nerve blocks were an additional component of the
intervention.

Types of Baseline Measures. Only baseline measures of pre-
dictive factors were included because the time of assessment of
the potential predictor (i.e., at baseline or during therapy) may
influence the prognostic value for treatment outcome.19

Types of Outcome Measures. Studies were included if at least
one of the outcome measures was a measurement of activity
limitation (i.e., difficulties an individual may have in executing
activities) and/or participation restriction (i.e., problems an in-
dividual may experience in daily life situations).33

Criteria for Methodological Quality. There are no widely
accepted quality criteria for assessing the methodological qual-
ity of prognostic studies.38,39 Therefore, we used criteria as
proposed by the Cochrane Collaboration for observational
studies,40 Altman,38 and van der Windt et al41 completed with
criteria used in other systematic reviews of prognostic factors
(E. Beeks and J. van Limbeek, unpublished data, December
1999)1,42–44 (Appendix 1). Each criterion was graded as: yes,
no, partially, not applicable, or can’t tell (i.e., insufficient infor-
mation provided). Internal validity was assessed by a subset of
the quality criteria, adapted from Côté et al42 (Appendix 2). If
any of these criteria was scored as “no,” the study was rejected
from the analysis.

Data Extraction. Prognostic determinants were classified into
3 main domains: sociodemographic, physical, and psychologi-
cal variables. Outcomes were classified as activity limitation or
participation restriction. Studies were classified according to
the phase of investigation (Phase I–III).42,45 Phase I studies are
descriptive, exploratory studies that seek an association be-
tween a prognostic marker and a certain outcome variable.
Phase II studies are exploratory studies that value a set of prog-
nostic variables to discriminate between high and low risk pa-
tients or to indicate which patients are likely to benefit from
therapy.42,45 Phase III studies are confirmatory studies that
attempt to confirm a priori stated hypotheses of the value of a
set of prognostic markers in predicting outcome.42,45 The
study population will be classified into patients recruited from
a population of employees and patients seeking treatment at a
rehabilitation center because these might differ with respect to
prognosis.42

Data Analysis. If possible, statistical pooling will be per-
formed. Otherwise, the results of the internal valid studies will
be described qualitatively, with the overall conclusion of best
evidence defined as “two or more studies reporting consistent
results on the finding, or 75% of the studies reporting similar
conclusions.”42 Results are statistically significant if P � 0.05.
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Results

Selection of Studies
The flow chart of the total search and study selection is
shown in Figure 1. In the first stage of the review process,
the inclusion criteria were applied. Four articles46–49 did
not provide sufficient information about the studied pop-
ulation to apply the inclusion criteria. An attempt was
made to contact the first authors for clarification, which
was successful in 3 cases.46–48 Of these 4 articles, 3 were
excluded. One was excluded because “chronicity” was
not defined, and the author could not be contacted.49

The other 2 were excluded because they studied a mixed
population of patients with other primary locations of
pain than the back and did not perform a separate anal-
ysis for patients with LBP.46,47 The fourth article was
included because the author confirmed that “chronicity”
was defined as pain duration longer than 3 months.48

The first stage yielded 24 articles.
The second stage consisted of applying the method-

ological quality criteria to these 24 studies. Of these stud-
ies, 7 did not meet the quality cutoff point for internal
validity,50–56 leaving 17 internal valid studies (24 stud-
ies–7) for inclusion in the final review. Of the 7 studies, 3
were excluded because the inclusion and exclusion crite-
ria were, although at first sight appropriate, not well
defined.50,53,55 Two studies were excluded because the
participation rate and percentage follow-up were insuf-
ficient.51,52 Invalid or unreliable outcome measurement

was the reason for excluding the other 2 studies.54,56 The
quality assessment of all studies is available from the
author. Final consensus was reached without needing to
consult the third reviewer.

Study Characteristics
The main characteristics of the study populations of the
17 included internal valid studies are shown in Table 1.

Types of Studies. Of the 17 studies, 8 were RCT,27,32,57–61,65

and 9 were prognostic cohorts.28,48,62–64,66–69 Ten stud-
ies were classified as Phase I,27,28,32,60–63,66,67,69 and 7 as
Phase II studies.48,57–59,64,65,68 No studies were classified
as Phase III.

Types of Participants. Four studies included patients re-
cruited from a population of employees,27,59–61 and 13
studies included patients seeking treatment at a rehabil-
itation center. Sample sizes varied from 58 to 476 cases,
with most studies including approximately 100 cases.
The mean age of studied patients was approximately
40–45 years. The ratio of male-to-female differed per
study, with one study including only females.60 The du-
ration of LBP varied from 3 months to a maximum of 26
years.

Types of Interventions. Six articles studied back
schools,27,32,48,60,62,64 3 studied back schools versus
multidisciplinary treatment,28,57,60 and 8 studied multi-
disciplinary treatment alone.58,59,61,63,65–69 Although
the basic principles of multidisciplinary treatment and
back schools are comparable, there is a large variety in
duration, setting (inpatient or outpatient), and imple-
mentation between the studied interventions. For example,
multidisciplinary treatment at one center may be based on
cognitive behavioral concepts but in another, on operant
behavioral ones. Also, several back schools offer consulta-
tion of a psychologist if needed, and others did not.

Follow-up. Outcome was measured after different peri-
ods of follow-up. The shortest follow-up was set at dis-
charge,66 and the longest at 30 months.61 The percentage
loss to follow-up varied from 0%66,67 to 27%,64 in 4
articles the percentage was unclear.58,61,63,68

Types of Baseline Measures. In total, 79 prognostic fac-
tors were studied. The number of relevant predictors dif-
fered substantially per author (Figure 2). Most studies
focused on 1 to 3 prognostic variables. Five authors stud-
ied more than 9 variables,57–60,65 with a maximum of 19
variables studied by Bendix et al.57

Sociodemographic variables were studied in 8 arti-
cles,57–60,64–66,68 physical variables in 7,32,48,57,60–63

and psychological variables in 10.27,28,32,58,59,62,65,67–69

Four articles studied “other ” predictors, which includes
baseline measurements of activity and participation lim-
itation.57–59,69

After classifying predictors into 3 main domains (i.e.,
sociodemographic, physical, and psychological), it was
clear that none of the authors studied predictors from
these 3 domains simultaneously. Nine articles studied

Figure 1. Flow diagram of articles accepted and rejected during
the selection process.
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Table 1. Summary of Design Characteristics of Studies on the Prognosis of Treatment Outcome for Patients
with CLBP

Reference Design Phase Study/Analysis
Source Population (No., workers/referrals, age,

gender, duration of pain) Follow- up
% Loss to
Follow-up

Bendix et al 57 RCT II/Multiple regression 816 Pts. referred to Copenhagen Back Center (621
to functional restoration program
(“multidisciplinary”) and 195 to control program
(“back school”). Age 40 yrs. 67% female. First
LBP episode at 27 yrs (median).

1 yr 15%

Haazen et al 58 RCT II/Multiple regression 58 Pts. referred to Pain Clinic of University Hospital
and a rehabilitation center (19 to operant-, 18 to
operant-cognitive, 21 to operant-respondent
treatment). M age 40.5 yrs. 75.9% female.
Duration of LBP �6 mos (53.4% �10 yrs).

Discharge,
6, 12 mos

Unclear

Härkäpää et al 59 RCT II/Multiple regression 476 Pts. (156 inpts., 150 outpts., 153 controls)
selected from blue-collar workers employed by
Finnish railways, post, and telecommunications,
enterprises in Helsinki area and farmers from
southern Finland. All approached by mail. M age
45 yrs. 63% male. Duration of LBP: � 14 yrs.

3 mos 4%

Hurri 60 RCT I/Discrimination analysis 188 Pts. (95 to “back school”, 95 controls) selected
among the employees of a major Finnish
cooperative. Age 46.1 � 9.5 yrs (M/SD), 100%
Female. Duration of LBP: 11.6 � 9.4 yrs.

12 mos 13%

Hurri et al 61 RCT I/One-way ANOVA 245 Pts. (81 inpts., 88 outpts., 76 controls) selected
from blue-collar workers in Helsinki. Primary
selection by mail. M age 44.5 yrs, 71% male. M
duration of LBP � 12 yr.

3 and 30 mos Unclear

Hutten et al 62 Prognostic
cohort

I/Two-way ANOVA 84 Pts. referred to a Rehabilitation Center. Age 38.4
� 8.6 yrs (M/SD), 49 males. Duration of LBP 6.6
� 8.1 yrs (M/SD).

1 wk 10.5%

Julkunen et al 27 RCT I/Multiple discrimination
analysis

188 (95 for treatment and 93 controls). Employees
from a large commercial enterprise in Finland. M
age 46.1 � 9.5 yrs, M duration of LBP 11.6 � 9.4
yrs.

12 mos 14%

Long 63 Prognostic
cohort

I/ANOVA 223 Pts. referred to Columbia Rehabilitation Center.
Age 38.2 � 10.4 yrs (centralizers); 39.3 � 9.9 yrs
(non centralizers). 64%–74% male. Duration of
LBP 7.2 � 6.4 mos (centralizers); 8.8 � 9.2 mos
(noncentralizers).

Discharge,
2 yrs

Unclear

Luoto et al 48 Prognostic
cohort

II/Multiple regression 68 Pts. admitted to rehabilitation centre Finland.
Selected by Social Insurance Institution of
Finland. Age 43.7 � 8.8 yr (M/SD). 33 males.
Duration of LBP 7.8 � 8 yrs (women); 12.1 � 7.8
yrs (men).

6 mo 4%

Rainville et al 64 Prognostic
cohort

II/Multiple regression 117 Pts. referred to rehabilitation program. M age
39 yrs (compensation); 43 yrs (no compensation).
40–58% Female. Duration of LBP 45 mos.

3, 12 mos 3 mos: 12%
12 mos:
27%

Talo et al 28 Prognostic
cohort

I/ANOVA 173 Pts. referred to Social Insurance Institution-
financed rehabilitation program, Finland,
Rehabilitation Research Center (63 to functional
activation program (“multidisciplinary”), 107 to
spa resort program (“back school”)) Median age
40.4 yrs. 101 females. Duration of LBP 6–317 mos.

12 mos 2%

Talo et al 65 RCT II/Multiple regression 173 Pts. referred to rehabilitation Center in Finland
financed by social insurance institution (60 to
functional activation program
(“multidisciplinary”), 105 to spa resort program
(“back school”). Median age 40.4 yrs. 101
females. Duration of LBP 6–317 mos.

12 mos 2%

Trief and Stein 66 Prognostic
cohort

I/Multivariate ANOVA 81 Pts. referred to back rehabilitation program. M
age 39.1 yrs (litigation)/42.2 yrs (non litigation). 47
females. Duration of LBP 3.4 yrs (litigation); 3.9
yrs (nonlitigation).

Discharge 0%

Vendrig et al 67 Prognostic
cohort

I/Partial correlations 120 Pts. referred to the Netherlands Back Advice
Center. Age 41.3 � 9.0 yrs (M/SD). 78 males.
Duration of LBP 47.6 � 37.6 mos (M/SD).

6 mos 0%

Vendrig et al 68 Prognostic
cohort

II/Hierarchical
regression

120 Pts. referred to the Netherlands Back Advice
Center. Age 41.3 � 9.0 yrs (M/SD). 78 males.
Duration of LBP 47.6 � 37.6 mos (M/SD).

6 mos Unclear

Vollenbroek-Hutten et al 32 RCT I/ANOVA 142 Pts. (69 for treatment and 73 controls) referred
to a Rehabilitation Center. Age 38.5 � 9.8 yr (M/
SD). Median duration of LBP 72 mos.

Discharge,
6 mos

6 mos: 13%

Walsh and Radcliffe 69 Prognostic
cohort

I/Univariate analysis 84 Pts. referred to back pain unit (referred from
another hospital department at King’s Mill Center
for Health Care Services) Median age 47 yrs (22–
70). 45 Males. Duration of LBP min.12 mos.

Discharge,
3 mos

3 mos: 12%

Phase I are exploratory studies (hypothesis generating) that seek an association between a prognostic marker and a certain outcome variable. Phase
II are extensive exploratory studies (hypothesis generating) that value one or more prognostic variables. Phase III are confirmatory studies of a priori
stated hypotheses of the value of a set of prognostic markers.
ANOVA � analysis of variance; M � mean; Pts � patients.
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predictors from one domain,27,28,48,61,63,64,66,67,69 and 8
predictors from one domain.32,57–60,62,65,68

Types of Outcome Measures. In total, 19 outcome mea-
sures were used to measure the domains activity limita-
tion or participation restriction. Eight different measures
were used to measure activity limitation and 11 to mea-
sure participation restriction. Only 3 authors studied
more than one outcome measure. Talo et al studied 728

and 465 different outcome measures, respectively, and
Walsh and Radcliffe69 2. Figure 2 gives an overview of
the number of prognostic factors and outcome measures
per study. Three authors studied measures of participa-
tion restriction,28,65,66 and the others studied measures
of activity limitation.27,32,48,57–64,67–69

Overall Level of Evidence
Table 2 provides an overview of the available evidence
for the different prognostic factors per treatment (back
schools/multidisciplinary) and outcome measure (activ-
ity limitation/participation restriction). From the table it
is clear that none of the articles, with the exception of
2,32,63 studied the relation of a specific predictor, treat-
ment, and outcome measure more than once. This result
means that evidence in this study is limited. Conclusions
can only be drawn if predictors, treatments, and out-
comes are grouped together in comparable domains. The
heterogeneity of the study population, prognostic fac-
tors, and outcome measures precluded statistical pooling
of the results and necessitated a qualitative summary of
the results.

Sociodemographic Predictors
Consistent evidence was found that personal character-
istics like age57–59,68 and gender57–59 were not predic-
tive. Height and weight also lacked predictive value, al-
though evidence was weak.57

For health related variables (e.g., smoking), different
variables were studied, most lacking predictive val-
ue.57–60 Different results were found for the use of med-
ication at baseline. One article studied back schools and
found no predictive value at 12 months.60 Another arti-
cle studied multidisciplinary treatment and found a neg-

ative predictive value for outcome at discharge and at 6
months.58 However, in this study, the explained variance
in outcome that could be attributed to medication was
only 10% at 6-month and 0% at 12-month follow-up.58

Thus, both articles showed that use of medication had no
predictive value at 1 year, but no conclusion could be
drawn for shorter follow-ups.

Pain related variables were studied by 6 authors.57–60,65,68

Pain duration consistently lacked predictive value.57–59,68

Consistent results were also found for the negative pre-
dictive value of pain intensity,57,65 although not for pain
intensity in the leg.57 Higher pain intensity at baseline
predicted worse outcome. Talo et al65 drew the same
conclusion for pain interference (i.e., if patients have
more interference with activities, the outcome was
worse). It is noteworthy that Talo et al65 studied different
outcome measures and patient groups (e.g., “fit” and
“unfit” patients with CLBP), and these results were only
found for specific outcome measures and patient groups.

Not predictive for outcome are social status related vari-
ables.57,58,60,65,68 There was one study that found that
“better functioning in leisure time” was, in combination
with other prognostic factors, predictive for better out-
come.65

Concerning work related variables,57,58,60,64–66 evi-
dence was found for corresponding variables measuring
subjective work capacity and experience. The “ability
to,”57 “functioning at,”65 “adjustment at,”65 and “sat-
isfaction of” work60 were all positive predictors for out-
come of both treatment methods. The only exception
was the variable “ability to work,” which showed differ-
ent predictive values for different treatments or outcome
measures.57,58 “Physical strenuousness of the job” consis-
tently lacked predictive value,57,60 and “vibrations in the
job” showed inconsistent results for different treatments.57

Sick leave was an inconsistent predictor: a negative
predictive value in one study57 and was not confirmed in
another.60 The variable “compensation” showed com-
parable results: varying from a negative predictive val-
ue,64 no predictive value,66 to a positive predictive val-
ue58 for treatment effect.

Figure 2. Number of predictors
and outcome measures per
study, classified by type of pre-
dictor (i.e., sociodemographic,
physical, psychological, others)
and type of outcome measure
(i.e., activity limitation, participa-
tion restriction).
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Table 2. Overall Level of Evidence for Prognostic Factors and Their Association with Outcome (activity limitation/
participation restriction)

Domain Group Prognostic Factor Treatment Outcome
Studies

Assessed Association* No Association† Evidence‡

Sociodemo-
graphic

Personal Age Bs A 1 Bendix et al 57 W

Age Mu A 4 Bendix, 57

Haazen, 58

Härkäpää 59 et
al, Vendrig 68

C

Gender Bs A 1 Bendix et al 57 W
Gender Mu A 3 Bendix, 57

Haazen, 58

Härkäpää 59 et
al

C

Height Bs A 1 Bendix et al 57 W
Height Mu A 1 Bendix et al 57 W
Weight Bs A 1 Bendix et al 57 W
Weight Mu A 1 Bendix et al 57 W

Health Smoking Bs A 1 Bendix et al 57 W
Smoking Mu A 1 Bendix et al 57 W
No. of back surgeries Mu A 2 Haazen, 58

Härkäpää 59 et
al

C

Use of nerve blocks Mu A 1 Haazen et al 58 W
Use of supportive equipment Mu A 1 Haazen et al 58 W
TENS Mu A 1 Haazen et al 58 W

Health Analgesics Bs A 1 Hurri 60 W
Analgesics Mu A 1 Haazen et al 58 W

Pain Age first pain Bs A 1 Bendix et al 57 W
Age first pain Mu A 1 Bendix et al 57 W
Duration Mu A 3 Haazen, 58

Härkäpää 59 et
al, Vendrig 68

C

Intensity back Bs A 1 Bendix et al 57 C
Intensity back Mu A 1 Bendix et al 57

Intensity Bs P 1 Talo et al 65§
Intensity Mu P 1 Talo et al 65§
Intensity leg Bs A 1 Bendix et al 57 W
Intensity leg Mu A 1 Bendix et al 57 W
Interference Bs P 1 Talo et al 65§ W
Interference Mu P 1 Talo et al 65§ W
No. of painful spots Bs A 1 Hurri 60 W

Social Education Bs A 1 Hurri 60 W
Education Mu A 2 Haazen et al 58,

Vendrig 68
C

Social status (blue vs white
collar)

Bs A 1 Bendix et al 57 W

Social status (blue vs white
collar)

Mu A 1 Bendix et al 57 W

Civil status Mu A 1 Haazen et al 58 W
Functioning (leisure) Bs P 1 Talo et al 65§ W
Functioning (leisure) Mu P 1 Talo et al 65§ W

Work Work ability Bs A 1 Bendix et al 57 W
Work ability Mu A 2 Bendix et al 57 Haazen et al 58 NC
Work satisfaction Bs A 1 Hurri 60 W
Functioning (work) Bs P 1 Talo et al 65§ W
Functioning (work) Mu P 1 Talo et al 65§ W
Work adjustment Bs P 1 Talo et al 65§ W
Work adjustment Mu P 1 Talo et al 65§ W

Work Vibrations in job Bs A 1 Bendix et al 57 W
Vibrations in job Mu A 1 Bendix et al 57 W
Physical strenuousness Bs A 2 Bendix et al 57,

Hurri 60
C

Physical strenuousness Mu A 1 Bendix et al 57 W
Sick leave Bs A 2 Bendix et al 57 Hurri 60 NC
Sick leave Mu A 1 Bendix et al 57 W
Compensation Bs A 1 Rainville et al 64 W
Compensation Mu A 1 Haazen et al 58 W
Litigation Mu P 1 Trief and Stein 66 W

(Table continues)
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Table 2. (Continued)

Domain Group Prognostic Factor Treatment Outcome
Studies

Assessed Association* No Association† Evidence‡

Physical - Aerobic capacity Bs A 1 Bendix et al 57 W
Aerobic capacity Mu A 2 Bendix et al 57,

Hurri 60
C

Muscle endurance Bs A 1 Bendix et al 57 W
Muscle endurance Mu A 1 Bendix et al 57 W
Trunk muscle strength Bs A 1 Hurri 60 W

- Mobility Bs A 2 Bendix et al 57,
Hurri 60

C

Mobility Mu A 1 Bendix et al 57 W
Ability to do squats Bs A 1 Hurri 60 W
Sport activities Bs A 1 Bendix et al 57 W
Sport activities Mu A 1 Bendix et al 57 W
Postural control Bs A 1 Luoto et al 48 W
Psychomotor speed Bs A 1 Luoto et al 48 W
Centralization phenomenon Mu A 1 Long 63 W
Dynamometry Bs A 2 Hutten et al 62 Vollenbroek-

Hutten et al 32
NC¶

Psycho-
logical

Psychic Symptom Checklist-90
(SCL-90)

Bs A 1 Hutten et al 62 W

Health Rorschach test� Bs A 1 Julkunen et al 27 W
Sentence Completion Test

(SCT)
Bs A 1 Julkunen et al 27 W

Distress scale Bs P 1 Talo et al 65§ W
Distress Scale Mu P 1 Talo et al 65§ W

Psychic Stress Appraisal
Questionnaire

Bs P 1 Talo et al 65§ W

Health Stress Appraisal
Questionnaire

Mu P 1 Talo et al 65§ W

Severity Scale of Mental
Disorders

Bs P 1 Talo et al 65§ W

Severity Scale of Mental
Disorders

Mu P 1 Talo et al 65§ W

General Health Questionnaire
(GHQ)

Mu A 1 Härkäpää et al 59 W

Middlesex Hospital
Questionnaire (MHQ)**

Bs A 1 Julkunen et al 27 W

Minnesota Multiphasic
Personality Inventory
(MMPI)

Mu A 1 Haazen et al 58 W

MMPI-2 selected scales†† Mu A 1 Vendrig et al 67 W
MMPI-2 Personality

Psychopathology Five
(Psy-5)

Mu A 1 Vendrig 68 W

Beck Depression Inventory Bs P 1 Talo et al 65§ W
Beck Depression Inventory Mu P 1 Talo et al 65§ W

Psychic Hypochondria scale Bs P 1 Talo et al 65§ W
Health Hypochondria scale Mu P 1 Talo et al 65§ W

Denial scale Bs P 1 Talo et al 65§ W
Denial scale Mu P 1 Talo et al 65§ W

Cognitive variables Multidimensional Pain
Inventory (MPI)

Bs A 1 Vollenbroek-
Hutten et al 32

W§§

MPI Bs P 1 Talo et al 28§ W§§
MPI Mu P 1 Talo et al 28§ W§§
Cognitive Self-Statements

scale
Bs P 1 Talo et al 65§ W

Cognitive Self-Statements
scale

Mu P 1 Talo et al 65§

Increased Activity scale Bs P 1 Talo et al 65§ W
Increased Activity scale Mu P 1 Talo et al 65§ W
Belief in control by others Mu A 1 Härkäpää et al 59 W
Internal Locus of Control Mu A 1 Härkäpää et al 59 W
Pain Beliefs Questionnaire

(PBQ)-organic beliefs
Mu A 1 Walsh and Radcliffe 69 W

Cognitive variables Belief in chance control of
disease scale

Mu A 1 Härkäpää et al 59 W

Belief in chance control of
disease scale

Bs P 1 Talo et al 65§ W

(Table continues)
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Physical Predictors
Physical variables were studied by 7 authors,32,48,57,60–63

and, overall, these were not predictive. Physical variables as
strength, endurance, or mobility had no prognostic val-
ue.57,60,61 A trend was found for performance on a dyna-
mometer.32,62 A dynamometer measures angular position,
velocity and torque of the 3 primary movement axes of the
back. Patients with an “expected” performance (i.e., lower
than healthy subjects but with consistent test behavior)
have better outcome following a back school treatment.62

The same trend was found in another study, although the
results were not significant.32 Postural control, psychomo-
tor speed,48 or the centralization phenomenon according to
Long63 were not predictive either. One study found that
participation in sports predicted better outcome.57

Psychological Predictors
A variety of measures of psychic health and cognitive
variables were studied.27,28,32,58,59,62,65,67–69 No consis-
tent results were found for the predictive value of mea-
sures for the overall level of psychic health. Psychic
health was measured with a variety of scales measuring
overall psycho neuroticism. All scales were only studied
once, except for the Minnesota Multiphasic Personality
Inventory (MMPI), which was included in 3 stud-

ies.58,67,68 The MMPI provides patient profiles of psy-
chopathology by combining scales21 and was not associ-
ated with treatment success.58 However, 2 articles used
an alternative approach by examining the predictive
value of individual scales of the MMPI-2, the successor
of the MMPI. Scores on the MMPI-2 “Personality Psy-
chopathology Five scales” were not associated with out-
come either.68 In another article concerning the same
study, the author found that high scores on several other
scales of the MMPI-2 (i.e., obsessiveness, depression, hy-
pochondriasis, lassitude-malaise, somatic complaints)
were associated with worse outcome,67 although the ex-
plained variance was low, and the results slightly failed
to reach statistical significance (P � 0.06).

Other scales, including the Middlesex Hospital Ques-
tionnaire (MHQ),27 the Sentence Completion Test,27

and the General Health Questionnaire,59 were not pre-
dictive either, with exception of the Symptom Check
List-90)62 and the Rorschach inkblot test.27 A total score
more than 198 on the Symptom Check List-90 was a
negative predictor for outcome.62 The Rorschach ink-
blot is used as a diagnostic tool for psychiatric diagnoses
and for particular psychological symptoms.70 Several
Rorschach variables were associated with better out-
come. As the author explained, patients with “good cog-

Table 2. (Continued)

Domain Group Prognostic Factor Treatment Outcome
Studies

Assessed Association* No Association† Evidence‡

Cognitive variables Belief in chance control of
disease scale

Mu A 1 Härkäpää
et al 59

W

Belief in chance control of
disease scale

Bs P 1 Talo et al 65§ W

Belief in chance control of
disease scale

Mu P 1 Talo et al 65§ W

Wechsler Adult Intelligence
Scale

Bs P 1 Talo et al 65§ W

Wechsler Adult Intelligence
Scale

Mu P 1 Talo et al 65§ W

Others - Activity of Daily Living Scale Bs A 1 Bendix et al 57 W
Activity of Daily Living Scale Mu A 1 Bendix et al 57 W
Activity change during

baseline
Mu A 1 Haazen et al 58 W

Low Back Pain Disability
Index (LBPDI)

Mu A 1 Härkäpää et al 59 W

Modified Roland and Morris
Disability Questionnaire
(RMDQ)

Mu A 1 Walsh and
Radcliffe 69

W

SF-36 physical functioning Mu A 1 Walsh and
Radcliffe 69

W

* Only significant associations are noted (i.e., P � 0.05).
† No significant associations (P � 0.05)
‡ Consistent (C) evidence is �2 studies reporting consistent results or 75% of the studies reporting similar conclusions. No consistent (NC) evidence is �2 studies
reporting inconsistent results. Weak (W) evidence is from 1 study.
§ Talo et al65 found different predictive values for different patient groups (i.e., “fit” and “unfit” patients) and for different outcome measures of participation
restriction.
¶ Noted as inconsistent, although both studies find the same association but Vollenbroek-Hutten et al32 slightly failed to reach statistical significance.
� Rorschach variables significantly associated with outcome: number of form-color responses (FC), total number of answers (R), reality index by Neiger (Ri),
modified genetic level index (GL).
** MHQ consists of 6 scales: anxiety, phobic anxiety, obsessional, somatic, depressive, hysterical. The subscales and total score have no predictive value.
†† MMPI-2 scales: Obsessiveness, Lassitude-Malaise, Somatic Complaints, Depression, Hypochondriasis.
§§ MPI clusters significantly associated with better outcome (depending on outcome measure used): “dysfunctionals” and “interpersonally distressed.”
Vollenbroek-Hutten et al32 find the same association as Talo et al65 but slightly failed to reach statistical significance.
A � activity limitation; Bs � back school; Mu � multidisciplinary treatment; P � participation restriction.
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nitive, intellectual capacity with undisturbed reality test-
ing” were more likely to respond well to treatment.27

Although measures of overall psycho neuroticism
were studied only once, several aspects of psychic health
(i.e., depression, hypochondriasis, and obsessiveness)
were studied more frequently. However, consistent re-
sults were not found for any of these variables. Depres-
sion was measured with the Beck Depression Inventory65

but also with the MMPI-2 scale depression67 and the
MHQ.27 One study found that high levels of depression
were associated with worse outcome,67 although the cor-
relations were low and slightly failed to reach statistical
significance (P � 0.06). Another study found no associ-
ation,27 and Talo et al65 showed different results for mul-
tidisciplinary or back school treatment. Also, no consis-
tent results were found for the variable “obsessiveness,”
studied by the MMPI-267 and the MHQ.27 The same was
true for hypochondriasis; 2 authors found a negative pre-
dictive value65,67 and again, Talo et al65 found different
results for multidisciplinary or back school treatment.

Cognitive related variables, such as coping and be-
liefs, were studied in 5 articles.28,32,59,65,69 The Multidi-
mensional Pain Inventory (MPI) was classified as cogni-
tive variable because one of the measured aspects is
coping behavior. However, it may also be classified as a
measure of psychic health because it also measures pain-
relevant psychosocial aspects.71

Although studies included different measures of cop-
ing variables, all showed that low levels of active coping
skills at baseline were predictive of better outcome.28,32,65

Talo28 and Vollenbroek32 et al used the MPI which showed
that patients characterized as “dysfunctional ” and “inter-
personally distressed” had better outcomes after back
school treatment than “adaptive copers.”28 The results
by Vollenbroek-Hutten et al32 failed to reach signifi-
cance due to small subgroups. Patients who are “dys-
functional” and “interpersonally distressed” are both
characterized by high psychological distress, pain inten-
sity, and interference with daily activities and low levels
of life control. In contrast, “adaptive copers” have rela-
tively low levels of psychological distress, pain intensity,
and interference and higher life control. Active coping
was also studied by the Cognitive Self-Statements scale
and the Increased Activity Scale, with higher scores re-
ferring to more active coping.65 In accordance with
aforementioned results, Talo et al65 found that lower
active coping skills, measured with the Cognitive Self-
Statements scale, were associated with better outcome
after back school treatment, although no predictive value
was found for multidisciplinary treatment. In general, the
Increased Activity Scale had no predictive value, although it
was positively associated with the outcome measure “panel
assessment” after back school treatment.

Disease related beliefs were studied in 3 articles,59,65,69

but no consistent results were found, and most variables
were only studied once. Different beliefs were measured,
like the belief that the disease can be controlled by
chance, or by others, or by oneself (internal locus of

control). The first 2 variables could also be classified as
passive coping strategies and the last as an active coping
strategy. Concerning belief in chance, Härkäpää et al59

found no predictive value in contrast to Talo et al65 who
showed that belief in chance was associated with worse
outcome after both multidisciplinary and back school
treatment. Belief in control by others had no value ei-
ther.59 One study found that belief in control of back
pain was a positive predictor for better outcome,59 al-
though it slightly failed to reach statistical significance
(P � 0.059). Finally, strong beliefs in an organic cause of
pain (and not a psychological one) were associated with
better outcome, although the correlation was low.69

Intelligence, which was also classified as a cognitive
variable, was studied only once65 and showed contradic-
tory results within that study. Intelligence was either posi-
tively or negatively associated with outcome, or not associ-
ated with outcome at all, depending on the patient groups
(those who are “fit” or “unfit”) or outcome measure used.

Other Predictors
Different authors included baseline scores of different
measurements of activity limitation as predictors of out-
come.57–59,69 All showed that high baseline scores pre-
dicted higher reduction in scores after treatment. In gen-
eral, this result implies that patients who have more
limitations at baseline will benefit most from treatment.
One exception is the physical functioning scale of the
Short Form-36. High baseline scores on this scale Short
Form-36 (i.e., better physical functioning) predicted
higher reduction after treatment (i.e., worse outcome).69

Sub Analyses and the Influence on the Level
of Evidence

The level of evidence hardly changed if the results were
analyzed for Phase I and II studies, or for different sub-
populations. In general, evidence became weaker. If only
positive findings from Phase II studies48,57–59,64,65,68

were included (there were no Phase III studies), evidence
was limited because less prognostic factors were studied.
The prognostic value of “dynamometry” and the “MPI”
was not found because the articles that studied these
variables were excluded from the analysis.28,32,62 Fur-
thermore, the inconsistent predictive value of psycho
neuroticism scales changed into consistent evidence hav-
ing no predictive value.

The results were analyzed for the 2 predefined sub-
populations, “employees” and “referrals to a rehabilita-
tion center.” Only 4 of the 17 studies studied a popula-
tion of employees,27,59–61 so it was not possible to draw
conclusions about the overall evidence for this particular
subgroup. For referrals to a rehabilitation center, the
overall conclusion did not change.

Discussion

This systematic review summarizes the results of 17 in-
ternal valid studies focusing on the prognostic value of
various factors for (back school or multidisciplinary)
treatment outcome in patients with CLBP. All studies
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were classified as Phase I or II (exploring the value of one
or more prognostic factors) and none as Phase III (testing
a prognostic model). Outcome was measured as activity
limitation or participation restriction. Because of heter-
ogeneity in study population, number of prognostic fac-
tors, treatment and outcomes, a meta-analysis could not
be performed,38,45,72–75 and a qualitative analysis was
done to support our final conclusion.

Sociodemographic Predictors
For sociodemographic variables, this study showed no
prognostic value for personal, health, and social status
related variables. Other reviews confirm that in general,
these variables have no value22 or will only explain a
small portion of the variance in outcome measures.19

Some reviews show weak evidence of these prognostic
variables because conclusions are drawn from only one
or 2 included studies.2,3,18,20

The predictive value of pain intensity or interference
shown in this study is confirmed by other reviews as
well.2,3,18,19 Not only is higher pain intensity related
with worse outcome,3,18,19 but higher interference of
pain with activities is also associated with reduced treat-
ment success.2,3,19

Concerning work related variables, this study showed
no consistent evidence for sick leave or receiving compen-
sation. However, other reviews find that both variables are
negative predictors for return to work.2,19,20,23,25 Two re-
views23,24 show that compensation is also associated with
reduced treatment response. However, McCracken and
Turk22 find inconsistent results that they explain by the
often unclear definitions used for compensation, what ob-
scures the prognostic role in treatment outcome. This result
could also be an explanation for the inconsistency found in
this study.

On the other hand, the present study showed a consis-
tent trend that parameters measuring subjective work ca-
pacity, like the ability to or adjustment at work, predicted
better outcome. This trend is in line with other re-
views.3,19,22,25 In these reviews, the variables “less work
disability,”2 “availability of the job at return,”18,19,22 and
“longer time in the job”18 are all related with better out-
come.

Physical Predictors
Considering physical variables, this study found no pre-
dictive value. This finding is confirmed by other reviews
who show that these variables are of minor impor-
tance19,22 or find only weak evidence.17,18

Psychological Predictors
For psychological variables, this study showed no con-
sistent evidence for the overall level of psychic health.
Only 2 other reviews looked at overall psycho neuroti-
cism level,21,22 and both also concluded that it shows
inconsistent predictive value. It is striking that in con-
trast to current practice, included in 3 studies,27,67,68 the
prognostic value of individual scales of psycho neuroti-

cism (e.g., MMPI-2) is described instead of the overall
level of psychopathology.

Looking at the individual aspects of psychic health,
our study showed that depression was an inconsistent
predictor. This result is in contrast with other reviews
showing that depression is a negative predictor. High
levels of depression at baseline are associated with worse
outcome,2,3,22 and reduction of depressive symptoms is
related to better outcome.19,22 This effect suggests that
depressed patients have more to gain from treatment. No
clear explanation can be given for the discrepancy be-
tween our study and the other reviews.

For cognitive variables, this study concluded that low
levels of active coping at baseline were related to better
outcome. This result was reflected by the fact that pa-
tients, classified by the MPI as “dysfunctionals” or “in-
terpersonally distressed,” benefit more from treatment
than “adaptive copers.” These findings are in accordance
with Turk and Okifuji,16 who reviewed studies using the
MPI classification and found comparable results. It could
be that patients with poor functional profiles (“dysfunc-
tionals” and “interpersonally distressed”) benefit more
from treatment than “adaptive copers,” who have less to
gain. Treatment helps the first group reducing distress
and improving adequate coping skills. This hypothesis
agrees with another review, which shows that adoption
of a more active self-management orientation to pain is
associated with better treatment outcome.22

Our results that “dysfunctionals” and “interperson-
ally distressed” (both with high levels of pain and low
perceived life control) are likely to benefit from treat-
ment may seem contradictory with our finding that
higher pain intensity and interference predicts worse out-
come. However, the MPI defines subgroups based on
multiple aspects of chronic pain.3,16 It is possible that the
predictive value of pain intensity and interference varies
with coping ability. In that case, patients with low per-
ceived life control may benefit from treatment despite the
high level of pain intensity. It could be that coping with
pain is a more important prognostic factor than pain
intensity alone.

We could not draw conclusions regarding the value of
disease related beliefs because most authors studied dif-
ferent measures of beliefs. Only “belief in chance control
of disease” was studied twice,59,65 showing inconsistent
results. However, both articles differed in outcome mea-
sure and population studied, which may explain the in-
consistency. Other reviews show consistent results that
maladaptive beliefs (e.g., catastrophisizing) are associ-
ated with poor outcome and stronger beliefs in control
with better outcome.19,22

Other Predictors
Our results showed that a high level of perceived disabil-
ity at baseline was related to better outcome, which is in
contrast with other studies showing it to be associated
with worse outcome.2,3,19,22 An explanation for our re-
sults could be that it is a reflection of the phenomenon
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“regression to the mean.” Or, it is possible that persons
with high levels of activity limitation “have more to
gain” with treatment, which leads to better outcome.76 It
was shown before that a decrease in perceived disability
during treatment is related with treatment success.22

Limitations and Recommendations
Several limitations of this review must be considered.
First, publication bias cannot be excluded.77 Second, the
review process must be considered. It is known that the
risk of missing prognostic studies because of difficulties
searching the literature is higher than for randomized
trials.72 Third, the criteria and operationalization list we
used for quality assessment is subject for debate because
a generally accepted criteria list for assessing prognostic
studies does not exist yet. However, the used criteria
were based on frequently used checklists, thus, it is un-
likely that relevant criteria would have been missed.
General consensus of a methodological criteria list for
prognostic studies is needed. We recommend, in accor-
dance with Altman38 and Scholten-Peeters et al,78 to in-
clude the following criteria in this list: identified popula-
tion (criterion 2), defined inclusion and exclusion criteria
(criterion 3), valid and reliable measurements of prog-
nostic (criterion 8) and outcome variables (criterion 15),
explicitly described and standardized intervention (crite-
rion 12), drop outs acceptable (criteria 5 � 17), fol-
low-up sufficiently long (criterion 19), appropriate
analysis (criterion 21), and adjustment for important
prognostic factors. Finally, evidence was limited because
there were only 2 prognostic cohorts studying the exact
same prognostic factors, intervention and outcome mea-
sures.32,62 However, we could draw general conclusions
about prognostic variables from comparable domains
for certain types of intervention and outcome measures.

To facilitate future prognostic studies of treatment
outcome, 2 things are important. Future research is nec-
essary to confirm the generated hypotheses derived from
the descriptive (Phase I) and exploratory (Phase II) stud-
ies. In the current literature, there is a lack of confirma-
tory (Phase III) studies, which study a priori stated hy-
potheses of the value of a set of prognostic markers.42

Besides understanding which prognostic factors predict
outcome of treatment, insight in treatment process vari-
ables should be improved. This result will help to under-
stand why and how specific prognostic factors are asso-
ciated with treatment outcome. The knowledge of
treatment process variables will enable the development
of adequate treatment modules matched to specific pa-
tient characteristics, with different prognoses. It is as-
sumed that tailoring different interventions to different
subgroups of patients will enhance treatment effects.16

Conclusion and Clinical Implications

In addition to physician experience, knowledge of prog-
nostic factors may be very useful (i.e., patients with fa-
vorable prognostic factors are likely to benefit from
treatment and those with unfavorable prognostic factors

are not). It is likely that defining subgroups of patients
may have to be based on the multiaxial assessment of
functioning because it is shown that prognostic factors
from several domains are of value for predicting out-
come. However, a generic set of predictors of outcome in
multidisciplinary rehabilitation and back schools for pa-
tients with CLBP cannot be defined.

With caution, several guidelines based on several con-
sistent predictive factors of rehabilitation outcome in pa-
tients with nonspecific CLBP may be given. Physicians
seeing patients with high pain intensity, problems at
work (e.g., functioning at work, dissatisfaction) should
be aware that these patients are likely to have poor treat-
ment outcome. In addition, the low use of active coping
skills and high perceived limitations of activity at base-
line may predict better treatment outcome. Other socio-
demographic and physical variables probably should not
play a role in the treatment decision because these con-
sistently lacked predictive values. The value of other psy-
chological variables is not clear because no consistent
evidence was found.

Key Points

● The evidence of prognostic factors for multidis-
ciplinary and back school treatment outcome in
patients with CLBP has been reviewed systemati-
cally by examination of prospective studies.
● Conclusions were based on 17 internally valid
studies, which all explored the value of prognostic
factors (Phase I or II), and none tested a prognostic
model (Phase III).
● Study heterogeneity necessitated a qualitative
summary of the results and limited evidence.
● Pain intensity, several work-related parameters,
and coping style were consistently associated with
outcome. Other sociodemographic and physical
variables consistently showed no association with
outcome. No consistent evidence was found for the
predictive value of other psychological variables.
● Future confirmatory studies of prognostic factors
and studies of treatment process variables may lead to
improved interventions and higher treatment success.
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Appendix 1

Criteria List for Methodological Quality
Assessment1,35,38,40 – 44

1. The research question is well stated40,42

Patient selection:
2. The population is well identified (*)38,40

3. The inclusion and exclusion criteria are defined and
appropriate (*)1,35,38,41–44

4. For RCT: treatment allocation35,40

a) Was a method of randomization performed?
b) Was the treatment allocation concealed?

5. Participation rate is reported and appropriate
(*)40,42

6. Are all subjects representative of the same underlying
population?40,41

7. Are the various groups comparable at baseline?35,42

Prognostic factors:

8. The methods used to measure the baseline prognostic
variables are valid and reliable (*)1,40–44

9. The prognostic factor(s) is (are) measured in a stan-
dardized way38,40,42

10. Other relevant prognostic factors are measured42,44

Interventions:
11. Additional treatment effects during period of obser-

vation are avoided or comparable35,43

12. The intervention(s) is (are) explicitly described35,38

13. The compliance is acceptable in all groups35

Outcome measurement:
14. The same data collection is used for all members of

the cohort35,40,42

15. The methods used to measure the outcome are de-
fined and measurable (*)1,38,40,42

16. The methods used to measure the outcome are valid
and reliable(*)41–43

17. % Follow-up is reported, explained, and reasonable
(*)1,35,40–44

18. Loss to follow-up is equal in different groups41,42

19. The duration of follow-up is adequate35,41–43

a) Was a short-term follow-up measurement per-
formed?35

b) Was a long-term follow-up measurement per-
formed?35,38

Statistics
20. The sample size provides adequate statistical power

35,40–44

21. Was the statistical methodology appropriate for the
research question and study design?1,38,40–44

22. An intention-to-treat analysis is performed35

23. Control for statistical significance43

24. Control for multicollinearity38,43,44

25. The results are verifiable from the data35,42

General

26. Was bias or random error likely to have been
avoided? (*)40–42

ad (*) criteria of internal validity

Appendix 2
Internal Validity Criteria
● The source population was well identified (criterion 2)
● Inclusion and exclusion criteria were defined and
appropriate (criterion 3)
● The methods used to measure the prognostic factors
were valid and reliable (criterion 8)
● The outcome was well defined and measurable (cri-
terion 15)
● The measures of outcome were valid and reliable
(criterion 16)
● The participation rate and percentage follow-up
was reported and appropriate (together at least 60%),
or a comparative analysis of participants and nonpar-
ticipants was presented (criteria 5 � 17)
● Was bias or random error likely to have been
avoided? (criterion 26)
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