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Abstract

Background. A growing number of studies report cognitive impairment after chemotherapy; indeed the phenom-
enon of chemo-fog is now almost universally accepted. We are concerned however that there is little if any
consistency in the way in which patients are classified as showing cognitive impairment or not. We aim to dem-
onstrate that different methods of analysis produce markedly different results, making the true extent of impairment
unclear.

Methods. We analysed data from 92 breast cancer patients 4 weeks post-chemotherapy and from 42 healthy
controls using 7 different methods, each taken from a different research paper in the area of cognitive impairment
post-chemotherapy.

Findings. The extent of impairment was dependent on the method of analysis. Impairment ranged from 12 to
68.5% in the chemotherapy group and from 4.8 to 64.3% in the healthy control group.

Interpretation. This brief report highlights the contrasting degrees of cognitive impairment calculated by using
legitimate statistical methods and demonstrates the need for a collaborative effort to standardise our methods that
we might better understand the phenomenon of chemo-fog.

Introduction

Memory and attention problems after chemotherapy are
frequently reported by patients [1] and have been
objectively demonstrated in a number of studies [2–4].
We, like others, have previously commented on the
problems associated with existing research – primarily
its cross-sectional nature. Such studies run the risk of
declaring a post-treatment difference that was in fact
already present or of failing to show a difference when a
high functioning group pre-treatment decline to meet a
lower functioning group. Initially high functioning pa-
tients can experience significant cognitive loss but still
score within the normal range.

We have also noted that comparisons between these
studies are difficult for a number of reasons. The main
hurdle is that many use a diverse range of measures
assessing different aspects of cognitive function. No less
serious are the variations in type and dose of chemo-
therapy and time since completion of chemotherapy.

We would like to draw attention to another disparity
between the studies, which has the potential to change
the results reported. Many studies classify participants as
cognitively impaired or not impaired on the basis of their

cognitive test scores. The proportion of each group
reported as showing cognitive impairment can vary quite
dramatically and ranges from 17% [5] to 75% [6]. The
criteria for the classification of cognitive impairments
differ quite substantially between studies however. This
may result in a situation whereby a significant increase in
the risk of cognitive impairment as reported in one
published study might reveal a non-significant effect if it
was analysed by different means – noted by Desai and
colleagues in their own data [7]. To investigate the extent
to which each method used determines the results of a
study, we analysed data from our ongoing longitudinal
study of cognitive function after chemotherapy for
breast cancer, using different criteria for cognitive
impairment as reported in other published work. This
brief report presents the findings of these analyses and
emphasises the need for consistency across research
methods in order to establish a realistic appraisal of the
nature of cognitive impairment after chemotherapy.

Method

The data used in these analyses are from an ongo-
ing longitudinal study. Details on the methodology,

Breast Cancer Research and Treatment (2006) 95: 125–129 ! Springer 2005
DOI 10.1007/s10549-005-9055-1



participants and cognitive test battery are reported
elsewhere [1] and are only summarised here.

Participants

Women with early stage breast cancer were recruited
into the study prior to the start of adjuvant chemo-
therapy. The control group were a sample of conve-
nience made up of friends and family of the patients and
experimenters and from a local women’s group. Partic-
ipant groups did not differ significantly on age, esti-
mated IQ or years of education. Cognitive assessments
were made at baseline, four weeks after the final che-
motherapy session (6 months in the control groups) and
at 18 months. Data from the time 2 assessments of 92
chemotherapy patients and 42 healthy controls are dis-
cussed here.

Assessments

The cognitive test battery assesses several broad areas of
cognitive function as outlined in Figure 1. All measures
are standardized, validated and from published neuro-
psychological test batteries.

Statistical analyses

The data were analysed in seven different ways based on
the analysis reported by other researchers working in the
field. This is not an exhaustive list – we were unable to
adopt the methods of analyses reported in all studies. In
some cases individual participants were not classified as
impaired or not impaired, rather, group comparisons
were made on test scores. Other studies, whilst classi-
fying participants failed to publish the criteria by which
classification was made. The methods of analyses we
used are listed below.

Method 1

Reliable change index [8]. Details of the method are
reported elsewhere [1]. In summary, using the control
group data as a reference, the amount of change be-
tween baseline and T2 is classified as showing reliable
decline or not on each measure. Reliable decline on 2 or
more (of 14) measures was classified as overall cognitive
decline, based on the number of tests for mild cognitive
impairment reported elsewhere [9]. As a strict criterion
we also calculated the percentage of participants who
showed reliable decline on two or more measures with
no corresponding reliable improvement on any measure.

Method 2

Scores on each task were converted to z scores. If a
participant had multiple test scores where z £ )1.5,
they were considered to show impairment. If impair-
ment was seen on only 1 measure then in order for that
participant to be classified as cognitively impaired, the
score on that task must be in the lowest 2.5 percentile,
corresponding to a z score of £ )2 [4].

Method 3

Performance in the lower quartile of each task is classified
as impaired. Performance in the lower quartile on four or
more tasks was classified as overall impairment [10]. In
the reference paper domain scores averaged across a
number of tasks were reported rather than individual test
scores as is the case here and norms were used whereas we
use control data as our reference for Z transformations.

Method 4

Failure on an individual test is a score of at least 2SD
below the control mean. The number of tasks failed are

Verbal memory WMS logical memory, immediate and delayed

AVLT recall1-7

Visual memory Complex Figure, copy, immediate and delayed recall

Executive Function The Stroop task

Spatial span

Working memory Letter/number sequencing

Digit span

FSIQ estimate National Adult Reading Test

Processing Speed Letter cancellation task

Self report Cognitive failures questionnaires

GHQ12

FACTB, ES, F (patients only)

Figure 1. Cognitive test battery
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totalled. Overall cognitive impairment was then classified
based on the 5th percentile of the control group – this
corresponded to failure on three or more tests in the
reference studies [3,5] (the fifth percentile cut off point for
the control group actually included 12% of the control
group due to the restricted range of scores). In our study
the fifth percentile cut off point included 6 (9.5%) of the
control group and corresponded to a score of at least 2SD
below control mean on one or more tasks.

Method 5

Participants are divided into three classes. Not impaired
corresponds to no more than one test score at less than or
equal to 1 S.D. below control mean. Mildly impaired
corresponds to performance less than or equal to 1SD
below control mean on at least two measures. Finally,
moderately impaired is less than or equal to 1SD below
control mean on at least two measures and less than or
equal to 2SD on at least one measure [6] (N.B. in the
reference study population norms are used rather than a
control group). For the purpose of this analysis, partici-
pantswill be classified as cognitively impaired if they show
mild or moderate impairment as described above [11].

Method 6

Raw scores are converted into z scores (the study cited
here used norms whereas we use control data as our
reference). Each test is then classified as impaired if
performance was below the 10th percentile. Participants
were classed as impaired if performance was below the
10th percentile on two or more tests [12].

Method 7

Overall performance was considered impaired if scores
were at least 1 standard deviation below the control
mean on at least three domains [13].

Results

Table 1 shows the percentage of the patient and control
group that are classified as cognitively impaired by each

method of analysis. The odds ratio and chi-square for
impairment rate in healthy versus the patient group for
each method is also shown.

The proportion of participants identified as showing
cognitive impairment ranges from 12 to 68.5% in the
patient group and from 4.8 to 64.3% in the control
group. Method 1 (the Reliable Change Index) is the only
method that takes into account change in performance
rather than performance at a single time point and as
such provides the most conservative estimation of
impairment. Excluding this method the rate of impair-
ment ranged from 38 to 68.5% in the patient group and
9.5–64.3% in the control group.

These rates of impairment in the chemotherapy
group are largely in keeping with the rates reported in
the reference studies from which the methodologies were
taken. For example 38% in our study compared to 28%
in the reference study [3]; 45.7% in our study, 35% in
the reference study [4]; 68.5% in our study, 75% in the
reference study [6]. The rates of impairment reported in
our study differed from the reference study more sub-
stantially where the reference study had used domain
scores and/or norms as compared to individual test
scores and a healthy control group as used in our
analysis [10,12].

It should be noted that cancer site varied in the ref-
erence studies. While we assessed only breast cancer
patients (method 1) as did the reference studies for
method 2 [4], method 4 [3,5] and method 5 [6], the ref-
erence study for method 3 included patients with breast
cancer (55%) and lymphoma [10] and methods 6 and 7
used a mixed patient group comprising 35% [12] and
70% [13] breast cancer patients, respectively.

The absolute proportion of participants classified
as impaired is to some extent irrelevant. What is
important is the proportion of patients relative to
controls/norms that are classified as impaired. As
Table 1 shows, the risk of being classified as cogni-
tively impaired ranges from 1.21 times as likely if you
have had chemotherapy to 3.68 times as likely,
depending on which method is used. Three of the se-
ven methods show a significant relationship between
classification and group at the conventional 5% sig-
nificance level.

Table 1. Number and percentage of each participant group classified as impaired by each method and the relative risk

Patient group Control group Odds ratio (95% CI) v2 (p)

Method 1 26 (28.3%) 8 (19.0%) 1.67 (0.689–4.09) 1.29 (0.179)

Method 1 (strict criteria) 11 (12.0%) 2 (4.8%) 2.72 (0.57–12.84) 1.70 (0.16)

Method 2 42 (45.7%) 8 (19%) 3.57 (1.49–8.54) 8.73 (0.002)

Method 3 56 (60.9%) 20 (47.6%) 1.71 (0.82–3.57) 2.06 (0.106)

Method 4 35 (38%) 6 (9.5%) 3.68 (1.41–9.64) 7.67 (0.004)

Method 5a 63 (68.5%) 27 (64.3%) 1.21 (0.56–2.60) 0.23 (0.386)

Method 6 53 (57.6%) 13 (31%) 3.03 (1.40–6.57) 8.20 (0.004)

Method 7 49 (53.3%) 19 (45.2%) 1.38 (0.66–2.87) 0.74 0.250)

a30 patients were classified as moderately impaired and 33 as mildly impaired. Six controls were classified as moderately impaired and 21 as mildly
impaired.
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Discussion

We have demonstrated that methods of analyses used by
different groups working in the area of chemotherapy
and cognition do not produce the same results when
applied to the same data set. It is important to note that
we are not trying to demonstrate the superiority of one
method over another, merely to draw attention to the
fact that using different methods to analyse the same
data can lead to very different results and obscure our
understanding of the true rate of cognitive impairment.

We also do not suggest that the authors of the ref-
erence studies would necessarily have employed the
same methodology to our data as they did to their own
and acknowledge that the way our data is organised is
not best suited to some of the methods of analysis. We
use individual test scores while some of our reference
studies used domain scores. We use a control group as
the reference for z transformations while other studies
used population norms. Undoubtedly this has led to
some of the very high rates of impairment seen when
some of the methods are applied to our data. In a sense
however it is irrelevant what absolute proportion of
participants is classified as impaired and not impaired as
long as the relationship between the two groups is
constant. The worrying thing about our investigation is
the difference in odds ratios calculated using each
method.

To illustrate this point, using the more lenient reli-
able change methodology we would state that patients
were not significantly more likely to show cognitive
impairment than the control group (OR 1.674, v2 1.29, p
0.179). Had we used a different method we might report
that patients were significantly more likely than controls
to be classified as cognitively impaired (OR 3.68, v2

7.665, p 0.004). While this may be an unfair comparison
because the Reliable Change Indices used to analyse our
data are not truly comparable with the other, single time
point, methods of analysis, odds ratios for the remaining
studies ranged from 1.21 (not significant) to 3.68 (highly
significant).

These findings, commonly circulated to the national
press, have the potential to reach a huge number of
women who have had, are having or are about to start
chemotherapy, as well as thousands of health care pro-
fessionals yet a vastly different picture could be painted
using seemingly valid methods of analysis. The impact
of these findings on patient well-being and treatment
choices is as yet unknown but should not be underesti-
mated.

This investigation demonstrates the need for con-
sensus in the way in which we classify cognitive
impairment. In addition to establishing a more universal
approach to the method of classification, the number of
tasks a participant must fail to classify as impaired
currently varies between studies and is to some extent
arbitrary. Some researchers [14] have argued that two
tests are not sufficient in a large battery and may arti-
ficially inflate the rate of impairment. In our study as

criteria by which each task is classified are very strict,
the low number of tasks required to ‘fail’ for classifica-
tion is justified.

It may not be enough to establish a fixed number of
tasks to be failed, as the rate of impairment will vary
dramatically depending on how many neuropsycholog-
ical tests are included in each study. As the number of
tests in a battery increases so does the probability of
being classified as impaired if a fixed number of tasks are
used as a criterion. It may be more appropriate to
establish a minimum percentage of tasks that must be
impaired, rather than an absolute number.

A further factor is that some studies report single test
scores [3], as do we. Others however report domain
scores based on an average of several tasks measuring
one cognitive domain, such as verbal memory [10]. This
would undoubtedly be a more conservative assessment
of impairment and may well be more valid. By dividing
tasks into domains and calculating an overall score
within that domain, classification of overall impairment
is less likely to be influenced by performance on a single
task.

We choose the reliable change index because it allows
for analysis of cognitive change between time points
rather than static comparison at one time point and it
allows one to control for the practice effects inherent
in repeated cognitive assessment. It should be noted
however that the reliable change method, as all of the
other methods described here, makes the assumption
that the raw scores are normally distributed. This may
go some way to explaining the discrepancy in the risk of
being classified as cognitively impaired, as the different
methods are sensitive to distributional and variance
assumptions. The reliable change index, based on two
time points, makes the further assumption that the
variance is the same at both time points and that the
patients’ difference scores follow the same distribution
as those from the control group. In fact it is likely that
the variance of change scores in the patient group is
larger than in the control group due to different indi-
vidual responses to chemotherapy. We feel justified in
using reliable change indices with correction for practice
(see Heaton et al. for a comparison of RCI and other
methods of detecting change [15]). While we feel justified
in the method we have selected the fact remains that
those employed by other researchers produce very dif-
ferent results. The differences between methods do not
help to clarify a literature already somewhat muddied by
other methodological differences.

Conclusions

This investigation demonstrates the clear need for
longitudinal studies wherever possible as they allow us
to examine real cognitive change. In our data, this
resulted in a far lower rate of cognitive impairment than
if only the post-chemotherapy data is considered. Where
cross-sectional data are used we have demonstrated an
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obvious need for consensus on the method and criteria
by which impairment is classified. This will not only help
researchers working in the field but would also help to
provide a clearer take home message for clinicians and
patients on the real risk of impairment.
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