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Introduction

The Rey—Osterrieth Complex Figure Test (RCFT) is one of the most commonly used neuropsychological tests in Sweden and Norway. However, no
publications provide normative data for this population. The objective of this study was to present demographically adjusted norms for a Swedish and
Norwegian population and to evaluate these in an independent comparison group.

Methods

The RCFT was administrated to 344 healthy controls recruited from the Swedish Gothenburg MCI study, the Norwegian Dementia Disease Initiation study,
and the Swedish Cardiopulmonary Bioimage Study. Age ranged from 49 to 77 years (mean = 62.4 years, SD = 5.0 years), and education ranged from 6
to 24 years (mean = 13.3 years, SD = 3.0 years). Using a regression-based procedure, we investigated the effects of age, sex, and years of education on
test performance. We compared and evaluated our Swedish and Norwegian norms with North American norms in an independent comparison group of 145
individuals.

Results

In healthy controls, age and education were associated with performance on the RCFT. When comparing normative RCFT performance in an independent
comparison group, North American norms generally overestimated immediate and delayed recall performance. In contrast, our Swedish and Norwegian
norms appear to better take into account factors of age and education.

Conclusions

We presented demographically adjusted norms for the RCFT in a Swedish and Norwegian sample. This is the first normative study of the RCFT that
presents normative data for this population. In addition, we showed that North American norms might produce inaccurate normative estimations in an
independent comparison group.
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INTRODUCTION to assess visuospatial constructional ability and visual memory.
The Rey-Osterrieth Complex Figure Test (RCFT) is one of the However, it has also proved helpful for assessing executive
most widely used neuropsychological tests (Rabin, Barr & functions such as planning, organization, and fine motor skills. The

Burton, 2005) in Swedish and Norwegian clinical practice (Berg &
Billman, 2009; Ryder, 2021). Despite its common use in Sweden

time it takes to copy the figure may indicate reduced processing
speed (Lezak, Howieson, Bigler & Tranel, 2012).

At the task’s start, the person is asked to copy a complex
geometric figure on a blank sheet of paper. Reproducing the

and Norway, no demographically adjusted norms have been
published for this population. The complex figure task was
originally developed in 1941 by André Rey (Rey, 1941) but was figure is a challenging task involving organizing the figure into a
standardized in 1944 by Paul-Alexandre Osterrieth (Osterrieth, ~ Mmeaningful perceptual unit. After copy completion, the stimulus
1944), resulting in the RCFT. The initial purpose of the RCFT was and copy are removed from the patient’s sight. Shortly after this,
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the patient is asked to reproduce the previously copied figure
from memory (immediate recall); then, after 30 min, a delayed
recall is administrated. Philip Fasteneau (Fasteneau, 2003) and
John Meyers (Meyers & Meyers, 1995a) expanded the task by
introducing a recognition part. This study used the administration
outlined in the professional manual (Meyers & Meyers, 1995a).

The RCFT has established sensitivity to cognitive impairment
in a variety of clinical populations (Strauss et al., 2006), including
mild cognitive impairment (MCI) and dementia due to
Alzheimer’s disease (AD) (Kasai et al., 2006), solvent exposure,
traumatic head injury (Ashton, Donders & Hoffman, 2005),
schizophrenia (Calev, Edelist, Kugelmass & Lerer, 1991), and
vascular cognitive disease (Cherrier, Mendez, Dave &
Perryman, 1999). Furthermore, the RCFT has demonstrated
adequate psychometric properties, with an inter-rater reliability of
copy ranging from 0.80 (Berry, Allen & Schmitt, 1991) to 0.96
(Meyers & Meyers, 1995a) and recall from 0.93 (Meyers &
Meyers, 1995a) to 0.99 (Caffarra, Vezzadini, Dieci, Zonato &
Venneri, 2002). Test-retest reliability has been reported as 0.76
(immediate recall), 0.88 (delayed recall), and 0.87 (recognition)
after about 6 months (Meyers & Meyers, 1995a).

Several norms exist for older healthy populations from North
America (Berry, Allen & Schmitt, 1991; Brauer Boone, Lesser,
Hill-Gutierrez, Berman & D’Elia, 1993; Fastenau, Denburg &
Hufford, 1999; Machulda et al., 2007), but also for Czech
(Drozdova, Stépankové, Lukavsky, Bezdicek & Kopedek, 2015),
Spanish (Pena-Casanova et al., 2009), Latin-American (Rivera
et al., 2015), Italian (Caffarra, Vezzadini, Dieci, Zonato &
Venneri, 2002), Canadian (Tremblay et al., 2015), Lebanese
(Darwish, Zeinoun, Farran & Fares, 2018), and Greek (Tsatali
et al., 2022) populations. Among the most widely used norms are
those included in the professional manual (Meyers &
Meyers, 1995a).

Various studies have suggested that demographic variables
(age, education, and sex) influence performance on the RCFT. A
relationship between age and performance on the copy,
immediate, and delayed recall tasks has been shown, indicating
lower performance in higher age-groups, especially for memory
performance (Chervinsky, Mitrushina & Satz, 1992; Meyers &
Meyers, 1995a). Higher education is often associated with better
scores (Pena-Casanova et al., 2009; Tremblay et al., 2015), but
the effect is smaller compared with age (Fastenau, Denburg &
Hufford, 1999). The effect of sex is equivocal; some studies
report sex differences (Gallagher & Burke, 2007), but most report
no difference in performance depending on sex (Brauer Boone,
Lesser, Hill-Gutierrez, Berman & D’Elia, 1993; Pena-Casanova
et al., 2009; Tremblay et al., 2015).

When assessing patients in clinical settings, appropriate
normative data are used to interpret test scores correctly. Ideally, a
comparison between a single person’s scores and normative data
uses comparison material derived from a group as similar to the
person assessed as possible (e.g., in terms of age and education).
Inversely, employing norms from populations differing in
important aspects may lower the validity of the assessment
(Lezak, Howieson, Bigler & Tranel, 2012). In Scandinavia, only
Danish (Vogel, Stokholm & Jergensen, 2012) norms of healthy
populations have been published for this test. Also, the Danish
norms are based on a relatively small and potentially biased

sample, limiting their usefulness in clinical use in Sweden and
Norway. Our first aim was, therefore, to present norms
(hereinafter referred to as “proposed norms”) for this region of
Europe, using Norwegian and Swedish healthy older adults.

A problem for countries with small populations (such as
Sweden and Norway) is collecting sufficient sample sizes to
produce continuous norms. Commonly, traditional norming
approaches entail estimating score distribution for different
demographic subgroups resulting in the need for substantial
sample sizes. Regression-based norming requires samples that are
2.5 to 5.5 times smaller than traditional norming samples to
obtain equally precise norms (Oosterhuis, van der Ark &
Sijtsma, 2016). Therefore, we employed regression-based
norming procedures in the development of our norms.

Our second aim was to compare our proposed norms with the
North American norms from the professional manual (Meyers &
Meyers, 1995a) (hereinafter referred to as “original norms™)
commonly employed in Scandinavia. We evaluated our normative
data in an independent sample of cognitively healthy participants.
As norms may differ due to ethnic and cultural factors, we
expected our proposed norms to better fit the independent
comparison group compared with the original norms.

MATERIALS AND METHODS

Gothenburg MCI study, DDI study, and SCAPIS cohorts

Normative samples. Healthy control persons from the Swedish
Gothenburg MCI study (G-MCI) (n = 112), the Norwegian Dementia
Disease Initiation study (DDI) (n=27), and the Swedish
Cardiopulmonary Bioimage Study (SCAPIS) (n = 205) were included (see
Fig. 1). Exclusion criteria of the studies were severe somatic or psychiatric
disorders that may influence cognitive functions. Additionally, subjects
with subjective or objective cognitive decline were excluded.

The G-MCI (Wallin et al., 2016) is a single-center clinical longitudinal
study based at the memory clinic of Sahlgrenska University Hospital,
Gothenburg, Sweden. Healthy control persons were primarily recruited
from senior citizen organizations and secondarily from relatives to clinical
participants between 2001 and 2014. In the G-MCI study, the inclusion
criteria for healthy control persons were ages 50 to 79 and an Mini-Mental
State Examination (MMSE) score greater than 26. Licensed psychologists,
or psychologists-in-training under supervision of licensed psychologists,
performed all neuropsychological examinations.

The DDI (Fladby et al., 2017) is a multicenter longitudinal study,
including clinical participants from several sites in Norway. Healthy control
persons were mainly recruited among partners of clinical participants
between the years 2013 and 2018. In addition, there was recruitment
through advertisements in local media and orthopedic wards. For inclusion
in the DDI study, the criteria for healthy control persons were ages 40
through 80 and a native speaker of Norwegian, Danish, or Swedish with an
MMSE score greater than 27. The neuropsychological examinations were
administered by licensed psychologists, licensed study nurses, or
psychologists-in-training under supervision of licensed psychologists.

The SCAPIS (Bergstrom et al., 2015) is a large Swedish population—
based study investigating cardiopulmonary disease in participants between
the ages of 50 and 64 years. A smaller pilot study (SCAPIS pilot) was
initially conducted in Gothenburg, Sweden, in 2012, recruiting participants
who also completed additional neuropsychological examinations.
Similarly, licensed psychologists, licensed study nurses, or psychologists-
in-training under supervision of licensed psychologists performed all
neuropsychological examinations.

Independent validation sample. We evaluated our proposed norms
against the original norms in an independent sample of subjects similar to
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Fig. 1. Flowchart of the participant inclusion process from the G-MCI, DDI, and SCAPIS cohorts and workflow of the study. y = years; G-MCI =
Gothenburg Mild Cognitive Impairment study; DDI = Dementia Disease Initiation; RCFT = Rey-Osterrieth Complex Figure Test; SCD = subjective

cognitive decline

our healthy controls. This independent sample included subjects with
subjective cognitive decline (SCD) (Jessen et al., 2014) (N = 145) with
performance within the normal range on neuropsychological tests. The
SCD sample was sourced from both the G-MCI (N = 108) and the DDI
(N=137) (see Fig. 1). For SCD classification, all participants had
subjectively reported cognitive decline but no objective cognitive
impairment as determined by a battery of neuropsychological tests (Jessen
et al., 2014). The test battery comprised attention and executive function
(Trail Making Test [TMT]-B) (Reitan & Wolfson, 1985) visuoperceptual
ability (VOSP Silhouettes) (Warrington & James, 1991) phonemic verbal
fluency (Controlled Oral Word Association Test [COWAT]/FAS) (Benton,
Hamsher & Sivan, 1994), and verbal episodic memory (for the DDI, the
Consortium to Establish a Registry for Alzheimer’s Disease [CERAD]
word list [Fillenbaum et al., 2008] memory test was used; for the G-MCI,
the Rey Auditory Verbal Learning Test [RAVLT] [Schmidt, 1996] was
used). Demographically adjusted scores greater than —1.5 SD (>T35) on
all of the aforementioned tests were deemed within the normal range
(Eliassen et al., 2020; Espenes et al., 2020; Kirsebom et al., 2019;
Lorentzen et al., 2021; Stricker et al., 2020; Tallberg, Ivachova, Jones
Tinghag & C)stberg, 2008). Conversely, utilizing recommendations
regarding the MCI (Albert et al., 2011), we excluded subjects with a score
of less than 1.5 SD (<T35) on the aforementioned cognitive tests as these
would fulfill the criteria for MCI diagnosis.

RCFT administration and scoring

The original version of the RCFT (Meyers & Meyers, 1995a) was
administrated to all subjects as part of a more extensive
neuropsychological battery. The subjects were asked to copy the figure as
accurately as possible. The subjects were not told that they would be
asked to recall the figure from memory afterward. About 3 min following
completion of the copy trial, subjects were asked to draw the figure from
memory. In between, another brief neuropsychological test was
administered. After 30 min, the participants were asked to reproduce the
figure one last time. Finally, following the delayed recall, a recognition
trial was administered. Also, the time to copy the figure was documented.
The Osterrieth scoring system was used, with a maximum possible
score of 36 for the copy and recall trials. In this scoring system, the figure
is separated into 18 different units. Two points were given if a unit was

correctly reproduced. One point was given if the reproduction was
distorted or incomplete but correctly placed, or was correctly reproduced
but placed incorrectly. A score of 0.5 points was given if a unit was
placed in an incorrect location and was distorted or incomplete.
Unrecognizable units were scored zero.

Statistical analysis

Between-cohort comparisons. Raw scores and demographics for
subjects in the G-MCI (n = 112), DDI (n = 27), and SCAPIS (n = 205)
are compared in Table 1. To evaluate potential cohort differences between
the normative samples, analysis of variance (ANOVA) models were fitted
for age and years of education, whereas sex distributions were assessed
using a chi-square test. Analysis of covariance (ANCOVA) models for
each RCFT score (log-transformed copy trial scores, raw immediate and
delayed recall trials) used age and education as covariates and cohort
membership as the variable of interest (see Table 1). In addition, we
applied independent sample r-tests for age and years of education to
evaluate potential cohort differences within the independent SCD sample
between G-MCI and DDI participants. All post hoc comparisons for
ANOVA and ANCOVA were adjusted for demographics using the Tukey
procedure. All analyses were conducted using R Statistical Software
(version R 4.1.2; Core Development Team, 2020).

Regression-based norming procedure. We presented regression-based
normative data using procedures similar to earlier work (Espenes
et al., 2020; Kirsebom et al., 2019; Lorentzen et al., 2021; Testa, Winicki,
Pearlson, Gordon & Schretlen, 2009). First, using the Classical Test
Theory Functions (CTT) R package (Willse, 2018), we normalized test
scores by first computing the percentile ranks of the raw scores of the
RCFT immediate and delayed recall and then used the normal cumulative
quantile function (CDF) to produce standardized z-scores. These scores
were then converted to scaled scores (S) with a mean of 10 and an SD of
3 (§=2z x 3 +10). For RCFT copy time, the same procedure was
applied but with the reverse percentile rank so that slower time to
completion would produce lower scaled scores (see Table 2).

Subsequent, hierarchical regression models for the RCFT scaled scores
were fitted by entering demographic variables (age, years of education,
and sex) as well as squared terms to evaluate non-linear relationships
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Table 1. RCFT raw scores and demographics comparison between cohorts in the healthy controls sample

Comparison between normative total sample

Comparison between normative subsamples

and independent SCD sample

Total
normative
G-MCI SCAPIS y*/F/H, sample SCD I WIF,
N=112 DDI N = 27 N =205 Mm%, (P) N =344 N = 145 d, (P)
Female 7 (%) 67 (59.8) 16 (59.3) 113 (55.1) ¥ =071, 196 (57.0) 91 (63.0) x* =1.18,
(0.699) 0.277)
Age mean (SD) [range] 64.40 (6.19)  63.60 (7.19)  61.10(3.30)° F =139, 62.39 (5.01)  62.25 (6.73) = —0.25,
[49-77) [49-73] [54-66] (<0.001) [49-77) [49-77] (0.804)
Education mean (SD) [range] 1240 (3.09° 1490 (3.60)  13.50(279) F =194, 1327 (3.03)  14.03(3.22) =247,
[6-21] [8-22] [8-24] n? = 0.05 [6-24] [6-21] d=—-025
(<0.001) (0.014)
RCFT copy median (IQR) 34 (4) 34 (3) 34 (3) H=1.6, 34 (3) 34 (4) W =122912,
(0.460) (0.150)
RCFT copy time* mean (SD) 229.06° 195.26 181.23 F=1721, 197.67 216.40 F =331,
(119.53) (94.28) (80.76) M, = 0.04 (98.08) (115.13) (0.070)
(<0.001)
RCFT immediate recall® mean (SD)  16.74% (5.69)  20.0 (5.97) 1930 (5.61)  F=9.10, 1853 (5.78)  18.49 (6.15) F=~0,
N, = 0.05 (0.994)
(<0.001)
RCFT delayed recall* mean (SD) 16.89 (549) 1937 (5.81) 1878 (5.60)  F =5.14, 1823 (5.64)  18.52(6.31) F =029,
M, = 0.03 (0.589)
(0.006)

Note: Results are presented as mean, SD, and range, except sex, which is presented as male/female ratio. » = number of participants; p = p-value;
%> = chi-square; H = Kruskal-Wallis statistic; ' = analysis of variance statistic; W = Wilcoxon signed rank test statistic; 7 = t-test statistic; SD = standard

deviation; 1> = eta-squared; npz = partial eta-squared; d = Cohen’s d.
ZANCOVA models with age, years of education, and sex as covariates.

®Post hoc comparisons showed lower age in the SCAPIS as compared with the G-MCI and DDI (both p < 0.001).

“Post hoc comparison shows teh G-MCI with lower education as compared with the DDI and SCAPIS (both p < 0.001).

9Post hoc comparisons show the G-MCI with slightly worse performance in copy time and immediate recall as compared with the SCAPIS (both
p < 0.05). No other significant between-group differences following post hoc comparisons in RCFT scores were found.

Table 2. RCFT raw score to scaled score conversion table

Scaled RCFT copy RCFT RCFT delayed  Scaled
score time (s) immediate recall recall score

2 >596 <35 <4 2

3 524-595 445 4.5-5 3

4 450-523 5-6 5.5-7 4

5 372449 6.5-9 7.5-9 5

6 300-371 9.5-10.5 9.5-10.5 6

7 250-299 11-13.5 11-13 7

8 219-249 14-15.5 13.5-15.5 8

9 187-218 16-17.5 16-17.5 9

10 161-186 18-20 18-19.5 10

11 141-160 20.5-21.5 20-21 11

12 125-140 22-23 21.5-23 12

13 114-124 23.5-24.5 23.5-24 13

14 100-113 25-26.5 24.5-26 14

15 89-99 27-28.5 26.5-27.5 15

16 75-88 29-29.5 28-29.5 16

17 60-74 30-31.5 30-30.5 17

18 <59 >32 >31 18

Note: All scores are transformed to normal scaled scores using the
cumulative percentile rank distribution of each score. Please note that for
RCFT copy time, the rank distribution was reversed prior to conversion so
that shorter copy time equals better scaled scores.

between test scores and continuous predictors (i.e., age® and years of
education?) and interaction terms (e.g., age x years of education). Age
and education were mean centered in the equation when evaluating

squared terms. We entered demographic variables into our analyses in
accordance with their presumed importance. Most previous normative
studies find prominent effects of age and education on test performance,
while most do not find sex differences (Brauer Boone, Lesser, Hill-
Gutierrez, Berman & D’Elia, 1993; Pena-Casanova et al., 2009; Tremblay
et al., 2015). Therefore, age was inserted first, then agez, years of
education, years of education?, and lastly, sex. Interactions between terms
were only considered if more than one predictor was significantly
associated with performance (o = 0.05). Finally, we examined plots of
predicted values and residuals (residuals vs. fitted plot, scale-location plot,
and QQ plot) to ensure that the assumptions for regression analysis were
met (e.g., linearity of the data, normality of residuals, homoscedasticity
and independence of residuals error terms). We also assessed plots for
outliers and influential cases (residuals vs. leverage plot and Cook’s
distance plot). The final regression models (see Table 3) comprised only
statistically significant predictors and were subsequently used to calculate
normative performance in our independent SCD group and compare with
the original norms (see the section “Evaluation and comparison of our
proposed norms with original norms in an independent sample”).

Ethics

The procedures in the G-MCI, DDI, and SCAPIS studies were approved
by the relevant ethical committees (local ethics committee in Sweden and
regional committees for medical and health research ethics in Norway) and
conducted in accord with the Helsinki declaration of 1964, revised in
2013. In the DDI, the Norwegian Health and Research Act was followed.
All participants were informed about the details of their involvement in
the study, including the right to withdraw and the potential risks and
benefits involved (i.e., informed consent was received from all
participants).
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Table 3. Normative regression model for RCFT measures from the G-MCI, DDI, and SCAPIS (N = 344)

Variable Predictor B Standard error B t P R? Partial R SD residual
RCFT copy time Intercept 16.730 1.999 8.368 <0.001 0.030 2.9513
Age —0.108 0.032 3.365 <0.001 0.030
RCFT immediate recall Intercept 13.123 2.206 5.949 <0.001 0.036" 2.9427
Age —0.079 0.032 —2.474 0.014 0.018
Education 0.140 0.053 2.627 0.009 0.020
RCFT delayed recall Intercept 14.098 2.180 6.468 <0.001 0.050" 2.9082
Age —0.098 0.032 —3.100 0.002 0.028
Education 0.150 0.053 2.846 0.005 0.023

Note: b = unstandardized regression coefficient; 1 = the #-test statistic; SD = standard deviation; p = p-value.

*Adjusted R? reported.

RESULTS

Comparison between normative subsamples

DDI and G-MCI participants were of similar age (mean difference
[mdift] = 0.85 years, p n.s.). However, the SCAPIS participants
were younger than both the DDI (mdiff = 2.41 years, p = 0.035)
and G-MCI (mdiff = 3.26 years, p < 0.001) samples. While the
SCAPIS and DDI cohorts had a small, albeit non-significant
difference in years of education (mdiff = 1.31 years, p = 0.073),
the G-MCI sample had significantly shorter education as
compared with both the DDI (mdiff = 2.45 years, p < 0.001) and
SCAPIS (mdiff = 1.14 years, p < 0.01) samples. All samples had
slightly more females than males (55-59% female), but
distributions were similar between samples (p = 0.699). Some
differences in test performance were noted between the samples.
The G-MCI sample had slightly, albeit statistically significant
poorer scores on the copy time (log median difference = —0.15,
p=0.019) and immediate recall measures (mdiff = 1.99,
p = 0.013). For the delayed recall test, no significant between-
samples differences were found following Tukey post hoc
adjustment. See Table 1 for details.

Comparison between total normative sample and independent
SCD sample

Apart from a small difference in educational attainment between
the samples (the SCD sample had slightly more years of
education [mdiff = 0.76 years, p = 0.014]), no other differences
in demographics or test scores were observed. See Table 1 for
details.

Demographic influence on test performance in the normative
sample and development of regression-based norms

Older age was associated with slower RCFT copy time
(B =-0.108, R*=0.030, p<0.001) and poorer RCFT
immediate (B = —0.079, R*>=0.018, p = 0.014) and delayed
recall (B = —0.098, R® = 0.028, p = 0.002). Conversely, more
years of education were associated with better RCFT immediate
(B=0.140, R*>=0.020, p=0.009) and delayed recall
(B =0.150, R? = 0.023, p = 0.005), but no effects of educational
attainment on RCFT copy time performance were found. We
found no sex differences, non-linear relationships, or interaction

effects between age and education on performance. The final
normative regression models are detailed in Table 3.

Demographic influence on RCFT copy trial and discrete norms

As the RCFT copy trial score distribution is positively skewed
(ceiling effect) and thus not normally distributed, this subtest
would not meet the requirements for linear regression modeling.
To determine the demographic influence on test scores, non-
parametric Spearman’s rank correlations were performed between
age and years of education, respectively. A small association was
demonstrated between years of education and performance on the
RCFT copy trial (» = 0.124, p = 0.02). The Wilcoxon signed-rank
test was used to determine differences in scores between males
and females. Following the results from these analyses, we
computed discrete norms split by high (>14 years) and low
(<13 years) levels of education using the cumulative frequency
distribution and corresponding percentile ranks (see Table 4). The
split was based on our normative sample’s median (14 years of
education).

Table 4. Cumulative percentiles for the RCFT copy trial split by long and
short education

<13 years >14 years

education education Total

n =188 n =156 n =344
Years of education range 6-13 14-24 624 (13.3)

(mean) [SD] (11.0) (16.0) [3.03]
[1.94] [1.65]

Median (IQR) 33 (6) 33(5) 33 (6)
Range 16-36 25-36 25-36
1% <24 <26 <25
2% 26 27 26
5% 27-28 28-29 27-28
9% 29 30 29
16% 30 31 31
25% 31-32 32 32
37% 33 33 33
50% 34 34 34
63% 34 35 35
75% 35 35 35
84% 35 36 36
91% 36 36 36

Note: n = number of participants; IQR = interquartile range.
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Associations between the RCFT trials in the healthy control
sample

We investigated the effect of copy time and copy score on RCFT
test performance using regression analysis. The correlation
between immediate and delayed recall was calculated using
Pearson’s correlation coefficient. Slower copy time was associated
with poorer immediate recall (B = —0.018, R = 0.086,
p<0.001) and delayed recall (B = —0.016, R*=0.077,
p < 0.001). Better copy score was associated with better
immediate recall (B = 0.784, R*> = 0.138, p < 0.001) and delayed
recall (B = 0.764, R* = 0.141, p < 0.001). Immediate recall was
strongly correlated with delayed recall (» = 0.922, p < 0.001).

Calculating normative performance using regression-based
normative data

To calculate the normative effect of demographics (see Table 3) on
the performance of a single individual, the following formula may
be used: Intercept + (individual age x age coefficient) + (years of
education x education coefficient). For example, for a 62-year-old
man with 13 years of education, the regression equation for
RCFT immediate recall would be (13.571) + (62 x —0.075) +
(13 x 0.135) = 10.676. The participant’s scaled score (Table 2) is
subtracted from the regression equation predicted scaled score for
each participant. The resulting discrepancy score is divided by the
standard deviation of the healthy control group’s regression
residuals (Table 3) to yield a standardized z-score. In this case, the
difference between the actual (10) and the predicted scaled score
(10.676) is 0.676. Division by the standard deviation of the
healthy control group residuals (2.74309) produces a z-score of
—0.246. The following transformation will obtain #-scores:
t =z x 10 + 50, which is 47.5 (¢ ~ 48).

Evaluation and comparison of our proposed norms with original
norms in an independent sample

First, regression normative data derived from the procedure above
were used to estimate normative performance in the independent
sample of n = 145 (n = 37, DDL; n = 108, G-MCI) cognitively
healthy individuals experiencing SCD. Next, we calculated norms
using the original norms from the professional manual (Meyers &

Meyers, 1995a) in the independent sample. Lastly, multiple
regression models were fitted to the #-scores from the respective
norms to evaluate estimated means and demographic adjustment.
The rationale behind this procedure is that a regression model
yielding non-significant associations between demographic
predictors and #-scores should indicate that the norms adjust
adequately in the independent sample and vice versa (Table 5).

In our proposed norms, no significant associations were found
between pertinent demographics and the #-scores for the RCFT
subtests copy time, immediate recall, and delayed recall.
Importantly, this indicates satisfactory adjustments of our proposed
norms when applied to an independent sample of cognitively
healthy adults. However, for the original norms, higher age was
associated with higher #z-scores for both immediate (B = 0.333,
R*=0.029, p=0039) and delayed recall (B = 0.359,
R? = 0.030, p = 0.037), suggesting that the original age-adjusted
norms presume a less detrimental effect of aging on normative
performance than is evident in our sample. Moreover, higher
education was associated with higher #-scores in the original norms
for both immediate (B = 0.770, R*> = 0.036, p =0.023) and
delayed recall (B = 0.820, R* = 0.036, p = 0.023). Note that these
norms were stratified only for age, not education. The results are
detailed in Table 5 and illustrated in Fig. 2.

As a last demonstration of the comparison between our
proposed norms and the original norms, we conducted paired-
samples t-tests to assess the mean f-scores in the independent
sample involving both norms (see Fig. 3). For the immediate
recall task, the independent sample exhibited a 4.796-point higher
(t = —13.265, p < 0.001) estimated z-score in the original norms
(M = 54.566, SD = 13.210) compared with our proposed norms
(SD = 49.836, SD = 10.346). A similar result was found for
delayed recall in which the original norms (M = 54.731,
SD = 14.025) produced #-scores 4.397 higher (¢t = —12.667,
p < 0.001) as compared with our proposed norms (M = 50.334,
SD = 11.383).

DISCUSSION

In this study, we presented demographically adjusted norms for
the RCFT at ages 49 to 77 years in a Swedish and Norwegian
sample. Geographically local norms that evaluate performance

Table 5. Multiple regression analysis on t-scores in the independent SCD sample using our proposed norms compared with the original norms

Proposed norms

Original norms

Variable Predictor B )4 Adjusted R? Partial R B )4 Adjusted R Partial R
RCFT copy time Intercept 43.73 <0.001 a a a a a
Age 0.074 0.569 0 0 N N a
RCFT immediate recall Intercept 47.76 <0.001 0 0 23.029 0.046 0.046
Age 0 0.992 0 0.333 0.039 0.029
Years of education 0.142 0.599 0 0.770 0.023 0.036
RCFT delayed recall Intercept 42.31 <0.001 0 0 20.896 0.087 0.047
Age 0.093 0.512 0 0.359 0.037 0.030
Years of education 0.158 0.596 0 0.820 0.023 0.036

Note: b = unstandardized regression coefficient; p = p-value; partial R> = explained variance of predictor variable; Adj. R*> = explained variance of

combined predictor variables.
“No additional data needed.
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Fig. 2. Normative adjustment of our proposed norms and the original norms in the independent SCD sample. Panel A depicts relationships between RCFT
immediate recall z-scores and age and education, respectively. Panel B similarly shows relationships for RCFT delayed memory. For all figures, the
horizontal black dashed line at TS50 is the ideal reference for normative adjustments at all age and education levels. Departures from the line suggest worse
normative performance. The solid green line shows #-scores for our proposed norms, whereas the red short-dashed lines show original norm #-scores and
the blue long-dashed lines are unadjusted #-scores added for visual comparison (data not shown).

based on relevant demographic variables are important for
neuropsychological tests in clinical settings (International Test
Commission, 2001). As expected, higher age was significantly
associated with poorer RCFT performance. This pattern is
supported by the fact that processing speed (Murman, 2015) and
visuospatial memory (Klencklen, Després & Dufour, 2012) may
drop during the life span. Surprisingly, we found that the
magnitude of the effect differed compared with the original
norms. The original norms demonstrated a much higher
proportion of variance explained by age (recall = 19%), while the
proportion of variance explained by education was insignificant.
As for our normative data, sex was unrelated to RCFT scores for
original norms. In our normative data, age explained only 3% of
the variance for copy time and 2% to 3% of the variance for
immediate and delayed recall. Education also slightly impacted
the recall trials (but explaining only 2% of the variance).

The lower effect of age in our proposed norms may indicate that
our sample was cognitively healthier. Previous reports have argued
that the impact of age on cognitive test results, to a large degree, is
driven by individuals with preclinical neurodegenerative disease
(Borland, Stomrud, Van Westen, Hansson & Palmqvist, 2020;
Harrington et al., 2018). The weaker effect of age demonstrated in
our normative data could also result from a narrower age range, as
the original norms were based on individuals from 18 to 89 years.
The Swedish and Norwegian participants were cognitively
assessed during the 2000s, in contrast to the North American
participants, who were tested at the earliest during the early 1990s.
There might be cultural or generational differences between
cohorts, such as differences in the educational system, education
availability, or cerebrovascular disease incidence.

We compared the mean performance in the normative healthy
control group with a comparable, independent sample of SCD

© 2023 The Authors. Scandinavian Journal of Psychology published by Scandinavian Psychological Associations and John Wiley & Sons Ltd.
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distribution of #-scores for RCFT delayed recall between our proposed norms (green dots) and the original norms (red dots), respectively. The black dots

show the mean ¢-score.

participants. The absence of a significant difference in mean
scores suggested that the SCD sample is comparable to the
healthy control group and can be used to evaluate our normative
data. As illustrated in Figs. 2 and 3, the original norms
overestimated immediate and delayed recall performance for all
significant results, indicating that our normative data better fit the
independent sample. Failure to adjust for age and education is
most evident at the higher end of the predictors, the oldest and
those with the highest education. For example, the calculated #-
score for a 57-year-old participant with 18 years of education
scoring 15.50 on the RCFT immediate recall is T39 applying our
normative data. By contrast, applying the original norms, the
same individual would receive a t-score of T45. If a normative
dataset incorrectly classifies a patient’s scores as normal due to
low expectations of higher scores, this may lead to incorrect
diagnostic conclusions, for example the correct diagnosis of MCI
(Albert et al., 2011).

On average, longer copy time was associated with worse
immediate and delayed recall performance (copy time explained
8-9% of the variance). An explanation for this is that individuals
in need of longer copy time may have less effective organization
strategies, resulting in less successful memory encoding and, thus,
lower recall scores (Newman & Krikorian, 2001). Other studies
(Tremblay et al., 2015) have seen a reverse pattern for delayed
recall, suggesting that prolonged exposure to the visual stimulus
could be linked to better delayed recall. Studies manipulating
allowed copy time are needed to illuminate the relationship
between copy time and succeeding performance on the RCFT.
However, our results indicate that individuals who spontaneously
take longer to copy subsequently perform worse on both
immediate and delayed recall. As expected, a better copy score
was associated with better immediate and delayed recall
performance (copy score explained 14% of the variance).

Similarly, as found in previous studies (Meyers &
Meyers, 1995b; Tremblay et al., 2015), the immediate and
delayed recall were nearly perfectly positively correlated with
each other (» = 0.922). This could be interpreted as delayed recall
not being needed to get a wvalid visuospatial memory

measurement. However, even though this may be true in a
cognitively healthy population, this may not be true for
individuals with memory impairment, such as in clinical groups
(Strauss et al., 2006). Therefore, caution must be exercised when
assessing clinical groups and administering delayed recall if
memory problems are suspected.

LIMITATIONS

Some study limitations are apparent. First, the size of the
Norwegian sample is small (N = 27). Second, our sample does
not include younger (under 49 years of age) or older subjects
(over 77 years of age), meaning that our proposed norms are not
representative of younger individuals or the oldest old. Third, our
sample did not include bilingual participants who speak other
languages, which might decrease the representativeness for
individuals who have moved to Scandinavia during their lives for
various reasons. Fourth, we used a cognitively healthy
independent SCD sample to evaluate our normative data. Even
though SCD is a common phenomenon in healthy aging and is
generally considered a benign condition (Hessen et al., 2017), it
is still an established risk factor for neurodegenerative disease
(Jessen et al., 2014). The risk of progression from SCD to MCI is
higher in groups with amyloid plaque deposition (Vogel,
Stokholm & Jergensen, 2012). As we lack imaging or fluid-based
biomarkers for all our participants, we cannot consider potential
underlying pathophysiological processes, such as preclinical AD.
Fifth, even though we utilized standardized test administration
and scoring, we have not been able to perform any inter-rater
reliability measurements. As a result, some variability may exist
between the examiners. However, previous studies applying the
same standardized scoring methods have shown good inter-rater
reliability (Berry, Allen & Schmitt, 1991; Caffarra, Vezzadini,
Dieci, Zonato & Venneri, 2002; Meyers & Meyers, 1995a).
Lastly, while our three cohorts (G-MCI, DDI, and SCAPIS) were
similar in the effects of demographics on RCFT performance,
there were still some small but significant differences. G-MCI
performed worse on copy time (log mdiff = —0.15, p = 0.019)
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and immediate recall (mdiff = 1.99, p = 0.013), even though
adjusted for age and education. Nevertheless, our proposed norms
correctly adjusted for demographics in the independent sample,
thus indicating a better fit and better suitability in Swedish and
Norwegian contexts.

CONCLUSION

In conclusion, this study has presented demographically adjusted
norms for RCFT — one of Scandinavia’s most commonly utilized
neuropsychological tests. Further, we compared our proposed
norms and original norms originating from North America. We
demonstrated that our proposed norms might produce more
accurate normative scores when employed in an independent
comparison group. However, future studies need to assess our
proposed norms in clinical settings and evaluate their usefulness
for diagnosis and treatment.
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