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Summary

Background: In two hospitals we performed an open, pro-
spective observational study on patients with chronic head-
ache as a measure of internal quality assurance using identi-
cal methods. Available data were subordinately analysed in
order to compare both studies. Questions: Are the patient
samples of both hospitals comparable? If not, which form of
statistical adjustment is recommended? Are there differences
in the outcome measures of both facilities? Methods: The
outcomes were defined as differences between baseline val-
ues and values at discharge from hospital, respectively
6 months after. Frequency of headache attacks, intensity of
pain, intensity of general complaints as well as of concomi-
tant symptoms, and quality of life were determined in ad-
vance as dependent variables. To compare both patient
groups univariate analysis of variance without and with inclu-
sion of covariates were used. For calculating propensity
scores (conditional probability of belonging to one of two
groups) a logistic regression with the same covariates serving
as independent variables was performed. Patients: 426 pa-
tients with the main diagnosis ‘Migraine’ and complete data
sets concerning the covariates were selected for analysis.
87% of patients are female, the mean age is 45.5 ± 11.7 years
(range 14–73 yrs). Results: 4 out of 11 potential covariates
show statistically significant differences between the patients
of both hospitals. Correct classification of patients by means
of the propensity score succeeds in 67%. Comparing the out-
comes at discharge from hospital, significant differences be-
tween both groups exist which are, with one exception, not

affected by controlling for covariates. 6 months after dis-
charge two of the initial differences between both patient
groups are no longer present. These findings are indepen-
dent from the statistical technique of risk adjustment. Conclu-

sions: Because of the observed differences between both pa-
tient groups it is recommended to adjust data by regression
analysis in order to enhance comparability. The choice for
one of the two proposed techniques is secondary. With re-
spect to the analyses clear differences between both hospitals
exist in short-term outcomes, disappearing 6 months later.

Rationale

The German Social Security Code requires hospitals to implement
quality assurance measures to enable the conduct of comparative
studies (Section 137, Social Security Code V). Considering that it
is rarely possible to conduct studies with randomised assignment of
patients referred to different care-providers (hospitals), the ques-
tion of the adequate methodological procedure is increasingly im-
portant. Besides the general questions concerning the quality cri-
teria for non-randomised studies, or even for so-called clinical data
registers [1, 2], attention is turning increasingly to special techni-
ques for comparing hospitals [3–5].
The fundamental question when comparing the treatment effects
observed in two independent patient cohorts is whether the two
cohorts are comparable in relation to their structures and the in-
tensity of the disorder. In non-randomised comparisons the ob-
served relation between the endpoint and the care-provider may
even be attributed to a third criterion (a so-called confounder).
The groups treated in the various hospitals may vary widely in
terms of the covariates observed because there is no experimental
control over the hospitals to which patients are referred. If these
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covariates also have prognostic power with regards to the outcome
of treatment, the difference between the treatment groups is dis-
torted. In such a case the size of the observed difference is not
equal to the true difference between treatment outcomes.
This situation necessitates the use of statistical correction or adjust-
ment techniques that allow most reliable estimates of the treat-
ment differences assuming that the patient groups are comparable.
The objective of this paper is to test two such methods for compar-
ing the treatment outcomes in two hospitals. Both hospitals (re-
ferred to here as ‘A’ and ‘B’) co-operated with the Zentrum für
naturheilkundliche Forschung (Centre for Complementary Medi-
cine Research) within the framework of the ‘Munich Model’ hospi-
tal network at the time. The analysis was based on two prospective
observational studies which were conducted in a virtually identical
form and thus with equal documentation techniques in both hospi-
tals. Both studies aimed to record the courses of migraine patients
during and after inpatient therapy. As part of the quality assurance
measures they described the quality of the short- and medium-
term outcomes. Over a period of time set by the hospitals all pa-
tients referred for admission because of migraine (ICD-10: G43.0
or G43.1) were included in the observational study. There was no
systematic selection.
The two hospitals’ standard practice of giving appointments with
the correspondingly long waiting times enabled the acquisition of
pre-admission data. Documentation in the hospitals was restricted
to the times ‘Admission’ and ‘Discharge’. After their discharge the
patients were sent by post questionnaires 3 time points (2, 6 and
12 months after discharge), which were identical each time, with
the request to complete and return them to the hospitals. A 4-week
headache diary was also used. All patients gave their informed
consent to their anonymised data being forwarded for scientific
analysis.
The present discussion of the results is limited to some indicators
that are relevant for assessing headache therapy. The headache
diaries were not evaluated because only a part of the patients had
kept them. The before–after effects were exemplified by the study
time points ‘Discharge’ and ‘6 Months after discharge’.
The diagnoses of migraine were verified by the criteria laid down
by the IHS (International Headache Society). In one of the hospi-
tals the diagnosis was confirmed previously by a specialist. The
hospitalisation periods in both hospitals were comparable to an in-
patient time of mostly 4 weeks. Exceptions were only made in indi-
vidually substantiated cases. The treatment concepts will not be de-
scribed in order to preserve the anonymity of the two hospitals. In
any case, the concepts are of secondary importance for this analy-
sis, which was conducted to examine the methodology.

Objectives

Are the patient groups in the two hospitals comparable? If not,
which method of case-mix adjustment is recommended? What dif-
ferences are revealed in the quality of the treatment outcomes in
both hospitals?

Methods

Patients
Of the 703 headache patients originally documented in the two observational
studies, 426 suffering from migraine or migraine and tension-type headache
(according to the criteria of the International Headache Society) were se-
lected for the secondary analysis. 170 were treated in hospital A, 256 in hos-
pital B. The relative proportion of evaluated patients from the total patient
sample was about 60% in both hospitals (fig. 1). The proportion of female
patients in the two hospitals was 87%, with only minor deviations. The mean
age of the patients was 45.5 ± 11.7 (range 14–73), which only varied margin-
ally between the two patient groups.
The feedback rate of evaluable 6-months questionnaires was 75.3% for hos-
pital A, and 60.9% for hospital B (difference statistically significant,
p < 0.01).

Study Variables
The study variables to be analysed were decided on beforehand (table 1).
They were selected according to the relevant recommendations for the con-
duct of clinical studies for describing the therapy outcomes for headache pa-
tients [6]. SF-36 [7] is a questionnaire for recording health-related quality of
life. Treatment results were shown as the difference between the values re-
corded before and afterwards. The baseline values of these parameters were
considered as potential covariates in all cases. They were supplemented by a
number of basically descriptive sample parameters (e. g. age, duration of
symptoms, subjective expectations of success). The variable ‘data compli-
ance’ was included to cover the possible selective effect of incomplete feed-
back data (readiness to return questionnaires).

Statistics
General variance analysis models were used for the statistical analyses. Test-
ing for differences between the patient samples from both clinics was per-
formed with simple variance analysis with the variable ‘hospital’ as the be-
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Fig. 1. Flow chart of numbers of patients being recruited and analysed.



tween-group factor. For analysing the differences between the hospitals re-
garding treatment outcomes, 3 models were calculated for each dependent
variable:
1. Univariate variance analysis with the variable ‘hospital’ as the between-
group factor.
2. Direct covariance analysis model: A number of potential covariates were
included in the comparison of the parameters of the two patient groups.
Classification factors and influencing variables (covariates) suppose to have
a linear effect on the dependent variable (analysis of covariance I).
3. Compilation of the covariates into a so-called propensity score. Here, the
propensity score estimates the probability of a specific patient belonging to a
particular hospital depending on the given covariates [8]. In the case of two
groups this probability is modelled by a logistic regression model [9]. In this
instance the stepwise forward method was employed. Ultimately, the pro-
pensity score is used as the sole covariate in the covariance analysis (analysis
of covariance II).

Results

Four of the total of 11 variables originally regarded as potential
covariates showed statistically significant differences between the
patient groups in the two hospitals. The patients in hospital B re-
ported having their symptoms for longer than those in hospital A
(p < 0.01). The mean number of headache attacks per month was
higher in hospital B (p < 0.05). In hospital A more documented

study times were available for the patients (p < 0.05), and their ex-
pectation that they would benefit from the hospital stay was con-
siderably higher than among the patients in hospital B (p < 0.001).
The proportion of patients who had tension headache in addition
to migraine was slightly higher in hospital B (p < 0.10).
All the potential covariates were also entered in the logistic regres-
sion for calculating the propensity score. With an inclusion criter-
ion of p < 0.10, 6 variables finally remained in the model (table 2).
Their prognostic importance is given in the following descending
order of importance: expectation of success, duration of symptoms,
data compliance, attack frequency, mental health, and age.
The 20% percentiles (= quintiles) were determined for the propen-
sity scores of all patients in both groups. The distribution of the
propensity scores classified in this manner shows marked differ-
ences in both patient groups (fig. 2). If the propensity scores had
been distributed evenly, then no covariance adjustment would have
been necessary.
Solely on the basis of knowing the propensity score (= probability
of belonging to hospital B), the correct forecasts were made for
42.9% of the patients in hospital A, and for 82.4% of the hospital
B patients. Overall, 66.7% of the patients could be assigned cor-
rectly.
The results of the tests for differences between both patient groups
concerning the treatment outcomes are shown in Table 3 (treat-
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Table 1. Variables used for analysis in different functions

Variable Definition Used as

potential
covariate

dependent
variable at
discharge

dependent
variable
6 months after

Age Years. X

Diagnosis Migraine or migraine with additional headache of tension-type. X

Duration of complaint Information by patient (Question: Since how many years do you suffer from
headache?). X

Expected success Patients rating before treatment (Question: Do you believe that you will
profit from our treatment? Answers: 1 = yes definitely, 2 = yes may be,
3 = I don’t know, 4 = I have doubts, 5 = not at all). X

Compliance in documentation Completeness of data sets all over the course (number of examinations
available: min. = 2 up to max. 6). X

Frequency of headache attacks Frequency of migraine attacks in the previous month (retrospective
estimation by patient). X X X

Intensity of pain Mean intensity of headache in the previous month, min. = 0 (no pain)
up to max. 50 = extremely severe). X X X

Concomitant symptoms Sum score of patients ratings concerning five concomitant symptoms
(Nausea, vomiting, photo-/phonophobia, other symptoms) graded as
0 = no, 1 = little, 2 = moderate, 3 = strong; Score ranges from 0 to max. 15. X X X

Intensity of complaint Intensity of main complaint, 100 mm-visual analogue scale
(0 = no up to 100 = extremely strong). X X X

Physical health Sum score PCS (Physical Component Score) of SF-36; normal sample:
mean = 50, SD = 10. X X

Mental health Sum score MCS (Mental Component Score) of SF-36; normal sample:
mean = 50, SD = 10 X X

Goal attainment Deviation of the initially expected intensity of complaint from that intensity
achieved after treatment (difference of two VAS measures, negative values
mean goal failed). X



ment effect at discharge). The upper part of the table shows the
statistically descriptive results for the parameters as well as the re-
sults of the univariate tests for differences without regression ana-
lysis adjustment. The lower part of the table presents the results
after adjustment by the two different analyses of covariance.
At the time of discharge, statistically significant differences were
observed between the patient groups of both clinics with regard to
both a reduction in the intensity of the disorders as well as the de-
gree to which the expectations of reducing symptoms were met.
Two other parameters (reduction in headache intensity and conco-
mitant symptoms) showed trends towards different outcomes
(p < 0.10).
All the covariates in analysis of covariance I are listed with a p val-
ue, i. e. only the parameters with a low value (p < 0.05) have a rele-
vant influence on the dependent variable. This includes the p val-
ues for the tests for differences between the two patient groups
after ‘correcting’ for the differences in the covariates. According to
these, there were significant differences between the groups only

with regard to the reduction in the intensity of the symptoms and
headache as well as the degree to which expectations were met.
The results of the variance analysis are essentially confirmed. The
strongest effect of the covariance analysis is seen in the reduction
of the frequency of headache attacks. After adjustment, the mean
values of change in the two groups become closely approximated.
The results of analysis of covariance II, including the propensity
scores, essentially agreed with those of analysis I. Here, too, the
propensity score has the strongest influence with regard to changes
in the frequency of the attacks.
6 months after discharge there were initially statistically significant
differences between the patient groups in both hospitals with re-
gard to a reduction in the frequency of attacks and improved qual-
ity of life. There was a trend towards different results regarding a
reduction in the intensity of symptoms (p < 0.10).
After considering the direct influence of the covariates (analysis of
covariance I), only 1 comparison test remains within the statisti-
cally significant range (increase in the SF-36 score for physical
health). None of the other differences between the two groups are
significant. Adjustment by the propensity score (analysis of covar-
iance II) provides a similar result.
The different adjusting effects of the covariance analyses on the
treatment outcomes are illustrated as an example. While there is
no noticeable difference between the original and adjusted results
for the reduction in symptoms at discharge (fig. 3, left), the reduc-
tion in the frequency of headache attacks after 6 months clearly
shows the corrective effect (fig. 3, right). In both cases the differ-
ence between the two techniques of case-mix adjustment is mini-
mal.

Discussion

In all cases where no generally valid standards are available for as-
sessing the quality of results achieved by a care provider, attention
concentrates on comparisons with the results of other care provi-
ders. Irrespective of whether a patient is looking for the ‘best’ hos-
pital, a referring physician for the most promising treatment op-
tion, or hospital financiers looking for the most efficient invest-
ment for their financial resources, the decision is always influenced
by comparisons. The reasons why a randomised study cannot al-
ways provide the most valid findings for this objective have been
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Table 2. Results of the logistic regression for estimating the propensity score (inclusion criterion p < 0.10)

Variable in the equation Regression coefficient B Standard error Wald-Statistic df Sig.

Expected success 0.634 0.162 15.264 1 0.000

Duration of complaint 0.030 0.010 8.525 1 0.004

Compliance in documentation –0.244 0.093 6.943 1 0.008

frequency of headache attacks 0.037 0.016 5.541 1 0.019

Mental health 0.021 0.010 4.368 1 0.037

Age –0.018 0.011 2.912 1 0.088

Constant –0.415 0.773 0.289 1 0.591

Fig. 2. Distribution of the propensity score (means probability for coming
from hospital B) by quintiles in both patient groups.



widely discussed [10, 11]. Amongst other things in the field of alter-
native medicine, one is often confronted with the situation in which
randomization is not feasible and therefore decisions have basi-
cally to be made on the basis of non-randomised comparative stud-
ies. A number of methodological approaches are available for
making such comparisons as fair as possible. The main objective is
to increase the homogeneity in structural features of the patients,
whenever necessary. This can be achieved by forming subgroups by
pair or frequency matching [12]. Other techniques adjust the
parameters statistically, usually based on linear regression models.
The comparison between two groups of inpatients in hospitals pro-
viding treatment for chronic headache described here is an exam-
ple of the latter approach.
The results show that the existing structural differences between
the patient groups cast doubt on a direct comparison of the treat-
ment outcomes. The application of variance analysis models using
covariates, either by direct inclusion of multiple moderator vari-
ables or by taking the diversion to calculate a propensity score, im-
proves the power of the results in a comparative study. In our case

the two statistical techniques led to similar results, making the
question of which method is more suitable a secondary one [13].
Instead, we consider the question concerning the nature of the re-
levant adjustment factors to be more important. In our case, in any
evaluation of the effects change factors have, the baseline values
usually dominate. Furthermore, it is not always clear which vari-
ables are relevant influencing factors. This clearly depends on a
large number of context factors in a specific case. An at least partly
standardised procedure would be welcomed to improve the trans-
parency of the adjustment algorithm. In the case of assessing the
effects of headache treatment this would contain a list of relevant
covariates. At the same time, this restriction to a list of known con-
founders would prevent an ‘exhaustive’ procedure by which any
number of alternative hypothetical, and unrecorded, influencing
factors could be called upon if the result does not turn out as de-
sired [14]. In the fields of alternative and complementary medicine
it is difficult to reach a consensus on this point because of the large
number of disease-unspecific patient characteristics (e. g. self-ef-
fectiveness, sense of coherence, constitution parameters) [15]. The
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Table 3. Comparison of both hospitals regarding the dependent variables (differences between admission and discharge from hospital) by simple ANOVA
as well as with respect to the covariates (ANCOVA I and II)

Freq. of headache
attacks

Intensity of
pain

Concomitant
symptoms

Intensity of
complaint

Goal
attainment

Raw results
Hosp. A

Mean 2.74 3.86 1.62 31.85 –14.55
SD 4.83 10.28 3.69 32.46 26.81
N 163 155 154 162 156

Hosp. B
Mean 3.79 5.75 2.28 41.08 –1.43
SD 8.07 9.18 3.60 25.06 20.42
N 240 250 251 251 242

Difference testing between hospitals (p-value) 0.137 0.055 0.074 0.001 < 0.001

ANCOVA I, direct control for covariates (p-values)
Age 0.429 0.579 0.672 0.909 0.485
Diagnosis 0.851 0.471 0.516 0.192 0.080
Duration of complaint 0.477 0.159 0.420 0.614 0.740
Expected success 0.012 0.966 0.753 0.014 0.622
Compliance in documentation 0.116 0.431 0.728 0.019 0.160
Frequency of attacks < 0.001 0.967 0.599 0.161 0.221
Intensity of pain 0.727 < 0.001 0.504 0.033 0.268
Concomitant symptoms 0.660 0.072 < 0.001 0.923 0.752
Intensity of complaint 0.327 0.313 0.692 < 0.001 0.454
Mental health 0.502 0.331 0.069 0.025 0.016
Physical health 0.013 0.040 0.045 0.001 0.059
Corrected difference testing between hospitals (p-value) 0.980 0.019 0.126 < 0.001 < 0.001
Adjusted for covariates

Hosp. A, mean 3.36 3.61 1.69 31.29 –14.82
Hosp. B, mean 3.37 5.91 2.24 41.44 –1.26

ANCOVA II, control for propensity score (p-values)
Propensity-score 0.001 0.357 0.690 0.219 0.409
Corrected difference testing between hospitals (p-value) 0.756 0.035 0.069 0.001 < 0.001
Adjusted for propensity score

Hosp. A, mean 3.23 3.67 1.58 31.14 –14.96
Hosp. B, mean 3.45 5.87 2.30 41.54 –1.17



parameters are always selected in the shadow of a doubt as to
whether the relevant variables have been taken into account, and
whether an adequate form of measurability has been found.
More agreement is to be expected on the question of the relevant
indicators of treatment outcome. Clear recommendations have
been made here, at least in the conventional sphere [6]. In contrast

to clinical studies conducted to test hypotheses, one should not re-
strict oneself to one single endpoint if possible when comparing
the treatment outcomes achieved by different care providers. In
such cases, presenting the comparison with various quality indica-
tors in the form of a profile would simplify decision-making [4, 5].
This brings us full circle back to the original questions, and we
must ask ourselves whether the results of the example presented
here can answer them. Assuming that the statistically adjusted
comparison between the two hospitals was ‘fair’ [16], can either of
the two clinics be recommended from the viewpoint of the pa-
tients, the referring doctors, or the funding agencies? Any general
conclusions must initially be treated with caution because the re-
sult of the comparison is not sufficiently clear. However, the com-
parison must contain sufficient information to simplify a decision
reached by looking at the results from different angles and with
different evaluation of the quality parameters, even if the decision
is not unanimous.
Our example of the comparison between hospitals is intended as a
contribution to this discussion, which becomes even more complex
when comparing more than two hospitals. ‘Ranking’ a large num-
ber of care providers would be an increasingly demanded ap-
proach. Comparing each provider with a ‘standard’, i. e. the com-
monly required quality level of outcome, would also finally result
in the problem of appropriate adjustment. For any valid decision
this should be examined carefully, even though standard methods
of case-mix adjustment do not guarantee removal of bias [17].
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Fig. 3. Left: Decrease in intensity of complaint at discharge from hospital,
comparison of both patient groups. Right: Decrease in frequency of head-
ache attacks 6 months after discharge from hospital, comparison of both pa-
tient groups.
Bold circles = raw results without correction; O = adjusted according to AN-
COVA I; X = adjusted according to ANCOVA II.
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