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Abstract

Background: Outside of the United States, international perspectives on normative data for 

neuropsychological test performance, within diverse populations, have been scarce. The 

neuropsychological test battery from the Uniform Data Set (UDS) of the Alzheimer’s Disease 

Centers (ADC) program of the United States National Institute on Aging (NIA) is one of the most 

sensitive batteries for the evaluation of both normal cognitive aging and pathological cognitive 

decline.

Objective: This study aimed to determine the feasibility of the Czech Neuropsychological Test 

Battery from the Uniform Data Set (UDS-Cz 2.0), while also evaluating the results obtained from 

an international perspective.

Methods: This paper describes data from 520 cognitively normal participants. Regression 

analyses were used to describe the influence of demographic variables on UDS-Cz test 

performance.

Results: Cognitive performance on all measures declined with age, with patient education level 

serving as a protective factor. Therefore, the present study provides normative data for the UDS-

Cz, adjusted for the demographic variables of age and education.

Conclusion: The present study determines the psychometric properties of the UDS-Cz and 

establishes normative values in the aging Czech population, which can be used in clinical settings.
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INTRODUCTION

Mild cognitive impairment (MCI) due to Alzheimer’s disease (AD) is conceptualized as the 

symptomatic pre-dementia phase of AD [1]. A neuropsychological evaluation is currently 

the main tool used for the clinical identification and characterization of MCI [2]. 

Neuropsychological evaluation reliably estimates the change in cognition in patients with 

probable MCI and also differentiates MCI from normal aging and dementia due to AD [3]. 

Neuropsychological criteria for the diagnosis of MCI more accurately identify patients who 

progress to dementia, compared to conventional MCI diagnostic criteria [4–8]. These criteria 

are also less susceptible to false-positive errors [7, 9].

An optimal neuropsychological test battery with a focus on MCI should be very sensitive to 

subtle cognitive deficits in MCI, and should not rely on a single-measure approach [2, 10–

12]. Prior efforts of the United States National Institute on Aging and the Alzheimer’s 

Disease Centers and the National Alzheimer’s Coordinating Center to standardize data 

collection, diagnostic procedures, and data comparability, successfully led to the 

development of a systematic method for the assessment of MCI. This uniform set of 

assessment procedures, coined the Uniform Data Set 2.0 (UDS 2.0), includes a 

Neuropsychological Test Battery [13, 14]. The UDS 2.0 Neuropsychological Test Battery 

consists of 10 brief test measures that evaluate cognitive performance in five cognitive 

domains: attention, speed of processing, executive function, episodic memory, and language. 

Rationale and procedures for the domain and test selection were described in detail, and a 

large normative data set of cognitively normal adults was collected [14] and compared with 

other methods for determining the rate of cognitive decline [15]. To be established as a 

proper tool for comparison, international implementation of the UDS 2.0 

Neuropsychological Test Battery should support the construct’s validity and diagnostic 

equivalence in a cross-cultural setting [16]. The implementation of unified diagnostic 

procedures and data collection standards on an international level is also desirable for 

collaborative research networks promoting data sharing, data merging, and meta-analyses on 

large samples [17, 18]. These meta-analytic efforts could ultimately lead to discoveries that 

result in an improvement in patients’ quality of life.

Therefore, the primary aim of the present study was to provide normative standards for the 

UDS 2.0 Neuropsychological Test Battery Czech version (UDS-Cz 2.0) based on a 

regionally representative sample of older adults from the Czech population [19]. The 

secondary goal was to create a UDS-Cz 2.0 data set which would provide clinicians with a 

standardized instrument for the assessment of MCI [14, 20].
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MATERIALS AND METHODS

Data source and recruitment

All participants were evaluated within the frame-work of the National Normative Study of 

Cognitive Determinants of Healthy Aging (NANOK) [19]. Patients were included based on 

their age (60+) and their willingness to give signed informed consent. Participants were 

excluded if their medical record revealed any of the following: cognitive impairment or 

dementia, a serious neurological disorder (e.g., AD or Parkinson’s disease, epilepsy, 

aphasia), stroke or traumatic brain injury, impaired mobility of a dominant hand, history of 

substance abuse, current chemotherapy or radiotherapy treatment, and/or an acute phase of a 

serious mental disorder (e.g., depression). Recruitment was stratified according to age (5-

year bands) and education (lower and higher, 1 : 1; lower education comprised primary or 

trade school, higher education comprised complete secondary with an exit graduation or 

tertiary education), with a gender distribution of 1 : 1. We were not able to further stratify 

the education variable in the present study for two reasons. Firstly, there were too many cells 

with too few observations, which causes statistical problems. Second, the content validity of 

the education variable caused problems as the Czech educational system has no sharp 

qualitative measure to support a triple division in the variable (e.g., low, intermediate, and 

high); thus, such a division would be arbitrary, and would result in smaller cell sizes. On the 

other hand, there is clear qualitative evidence for bifurcation of the variable based on the 

final exam (“maturita”), which is required for entrance to college level and higher education 

[19].

Thus, the convenience sample had a planned structure based on strict adherence to 

categories. The participants were recruited through advertisements on the institutional 

website, local media, at post offices, general practitioners’, and organizations for seniors. A 

sample of 568 older persons (aged 60–96 years) meeting NANOK inclusion criteria was 

recruited and assessed in 12 out of 14 regions of the Czech Republic. Each participant was 

remunerated with 200 CZK in cash (i.e., approx. 8 USD).

Sample selection

Our team decided to incorporate additional exclusion criteria based on suspected (yet 

undiagnosed) cognitive impairment observed in the normative analyses. As such, data was 

excluded if a participant displayed any of the following: performance in at least two 

cognitive measures that fell two standard deviations (SD) below the mean of the group, or 

such performance in one cognitive measure and the Functional Activities Questionnaire 

[21], or a score ≥10 on the short Geriatric Depression Scale [22]. The cognitive tests selected 

for inclusion to assess suspected cognitive impairment were the Trail Making Test B (TMT-

B) [23], verbal fluency tests (composite score: categorical animal fluency and phonemic 

fluency; K, P, S) [24], and the Czech version of the repeatable Philadelphia Verbal Learning 

Test (czP(r)VLT-12) (composite score: trials 1–5 sum and delayed recall) [25]. Among the 

final sample, respondents who scored less than the 5% quantile in the Montreal Cognitive 

Assessment (MoCA) test were also excluded from the analyses [26]. Thus, the descriptive 

analyses were conducted on 520 respondents. Cases were subdivided into three age bands 

(60–69, 70–79, and 80+ years) and two education levels (lower, higher), similar to Benson et 
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al. [27]. Means, SDs, quartiles, and ranges were calculated for data in each age and 

education cell.

Neuropsychological battery

For each cognitive domain we included the following UDS 2.0 Neuropsychological Tests: 

Mini-Mental State Examination (MMSE) for cognitive screening and dementia severity [28, 

29]; Wechsler Memory Scale-Revised (WMS-R) subtests Logical Memory IA and IIA for 

memory and delayed recall, Digit Span Forward and Backward for attention, and Semantic 

Fluency (Animals and Vegetables) [24, 30, 31]; Boston Naming Test (BNT) (30 odd-item – 

short version) for language [32, 33]; Wechsler Adult Intelligence Scale-Revised (WAIS-R), 

Digit Symbol subtest; and Trail Making Test (TMT) Part A for processing speed and Part B 

for executive function [23, 34, 35]. TMT-A scores were limited to 150 s as the maximal 

possible score and TMT-B scores were limited to 300 s as the maximal possible score [14]. 

Each test measure was adapted and validated for use in the Czech population prior to 

conduct of the present research. Because the level of effort participants put into performing 

well on a cognitive test can influence their scores, we used the forced choice section of the 

czP(r)VLT-12 to assess effort levels [25]; all participants demonstrated acceptable levels of 

effort.

Statistical analyses

First, descriptive statistics for demographics and UDS-Cz 2.0 scores were calculated. 

Normality was evaluated by visual inspection of Q-Q plots and the Shapiro-Wilk test; the 

assumptions of normality, linearity, homoscedasticity, and independence of residuals were 

evaluated prior to entering each variable into the multiple regression. To assess the influence 

of gender, age, and education on neuropsychological test performance, regression analyses 

were performed. The regression analyses for the neuropsychological scores were initially 

conducted with a univariate model adjusted for gender, age, and education separately, 

followed by a multivariate model adjusted for gender, age, and education together [14, 27]. 

Based on this analysis, we constructed regression equations for the prediction of a 

population mean score for each neuropsychological test.

RESULTS

Basic demographics of the participants are presented in Table 1. Summary statistics for each 

of the UDS-Cz 2.0 Neuropsychological Test measures are shown in Table 2. Table 3 depicts 

the means and standard deviations of the UDS-Cz 2.0 tests in each age and education 

category. From the table, it is apparent that the mean neuropsychological scores are 

positively influenced by a person’s completion of higher education, and negatively 

influenced by increasing age. Table 4 presents the summary statistics for the Czech, English, 

and Spanish American normative data. Apart from the Fluency: Animals and BNT-30 tests, 

the English normative sample sets the strictest norm. The Czech and Spanish data are more 

similar across most of the tests.

According to Shirk et al. [20], and our previous study [23], we constructed both a series of 

normative tables (for the total sample or demographically adjusted for age and education) as 
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well as univariate and multivariate regression models (see Supplementary Material). 

Accordingly, the Supplementary Material provides the constants and values of the regression 

coefficients for the construction of equations for the prediction of the population mean score, 

for each of the neuropsychological test measures, based on the univariate and multivariate 

linear regression models. In the regression analyses, only regression coefficients that were 

found to be statistically significant (p < 0.05) are noted. We also present a series of 

education (2) × age (3) analysis of variances (ANOVAs), which were performed separately 

for each UDS-Cz 2.0 test measure, to show the influence of age and education on each test.

DISCUSSION

The normative values provided by the present study are the major outcomes of the National 

Normative Study of Cognitive Determinants of Healthy Aging (NANOK), which was 

performed between 2012 and 2015. Specifically, the normative data is based on cross-

sectional data obtained from the sample in the first year of the study. Due to feasibility 

reasons, our recruitment strategy was based on a convenience sample. The participants are 

not likely to be fully representative of the general Czech population. However, the data we 

collected is regionally representative because it was collected in 12 of 14 regions of the 

Czech Republic. The inclusion criteria were set strategically so that the sample would not be 

a “super-sample”, including only exceptionally healthy fit persons, which could then lead to 

super norms [36]. On the other hand, the exclusion criteria were a consensus determined by 

expert clinicians (board certified clinical psychiatrist MK and clinical neuropsychologists 

TN and OB); these criteria aimed to avoid inclusion of cognitively impaired persons in the 

final sample. The composition of our sample was similar in age to the aforementioned 

English-speaking cohort, but older than the Spanish-speaking cohort (cf. Supplementary 

Material) [14, 27].

Consistent with other reports and theories on cognitive aging, our sample was characterized 

by better performance in younger age groups [14, 27, 37]. Education seems to have a 

beneficial effect on performance and is protective of the detrimental effect of aging on 

cognitive performance [38].

From a psychometric perspective, age and education were two factors that significantly 

influenced variability in performance on the neuropsychological tests [14, 24, 27, 28]. 

Further, gender also plays a considerable role in some test measures. However, many 

cognitive tests do not have separate norms for women and men [27]. In the last decade, the 

regression approach has proven to be an efficient method for estimating the effect of age, 

gender, and education on neuropsychological test measures [20, 39–41]. Both approaches 

(tabular and regression) may be clinically useful. For example, a 65-yearold man who 

completed higher education should, according to the normative table in the current study, 

achieve an average score of 44.5 (SD = 9.0) in the WAIS-R Digit Symbol; this score 

becomes 42.6 when applying the multivariate regression equation (80.40–3.22*1–0.64*65 

+ 7.03*1 = 42.6), which is similar to the value of 47.0 (12.5) indicated by the original 

SUPPLEMENTARY MATERIAL
The supplementary material is available in the electronic version of this article: http://dx.doi.org/10.3233/JAD-170595.
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American study [14], and the value of 41.59 as indicated by the Spanish normative study 

[27]. For a more systematic comparison between Czech, English, and Spanish UDS 2.0 

normative data, with regard to the convergent validity of each measure, see Table 4. These 

normative data sets are essential for actuarial decision making, as they enable clinicians to 

perform evidence-based practice in clinical neuropsychology, and are of importance for 

international comparisons of normative data sets [27, 42].

There are several limitations of our study that should be noted. Although our exclusion 

criteria were carefully formulated to minimize the chance of including individuals with 

pathological aging, our research sample did not undergo a thorough medical/neurological 

evaluation, including structural brain imaging, to exclude individuals with significant brain 

atrophy or vascular changes. We used a conservative approach for the definition of healthy 

normative group (not less than 2 SD below the mean) because many cases of dementia are 

unrecognized in the incipient phase and because we relied on the personal history of 

subjects, which could not always be clarified. A conservative approach has reduced the 

possibility that a person with dementia could influence the normative results. Further, in 

addition to a thorough clinical interview with an experienced psychiatrist (MK), we used 

three different neuropsychological tests (czP(r)VLT-12, TMT-B, and verbal fluency tests 

[23–25]) that represent different cognitive domains impaired in patients with dementia. We 

excluded all subjects that were impaired in at least two of the three cognitive domains, or in 

the MoCA [43]. The combination of these two domains reduced the possibility that we 

excluded cognitively healthy subjects and unknowingly inflated impairment rates among 

healthy adults. However, we acknowledge that, using this approach, some cases of 

singledomain MCI could have been included in the study. All participants in our study were 

Caucasian, and thus, the generalizability of the results to other ethnic groups is limited. 

However, this skew in demographic representation is consistent with the original study, in 

which the majority (81.8%) of participants were also Caucasian [14]. Finally, the UDS 2.0 is 

no longer the version used by the Alzheimer’s Disease Centers. Investigating the norms for 

the UDS 3.0 could be a future direction in our research.

In conclusion, notwithstanding these limitations, the normative data for the UDS-Cz 2.0, 

based on a large, representative sample of older Czech adults, shows a consistent decline in 

cognitive performance with age and concurrently reveals the protective effect that education 

has on cognitive performance. Overall, the UDS-Cz 2.0 data set reinforces and converges 

with the data found in earlier studies conducted in the United States. We presented age- and 

educationadjusted norms for the Czech population to support clinical decision-making. 

These findings should be taken into account when interpreting the UDS 2.0 battery, in order 

to improve diagnostic accuracy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic characteristics of Czech participants (n = 520)

Frequency (n) % Mean (SD)

Age 60–69 153 29.4% 64.4 (2.9)

70–79 169 32.5% 74.3 (2.9)

80–97 198 38.1% 85.1 (3.9)

Handedness right-handed 482 92.7%

others 38 7.3%

Gender woman 282 54.2%

man 238 45.8%

Civil status single 13 2.5%

with partner 20 3.8%

married 228 43.8%

widowed 205 39.4%

divorced 54 10.4%

Education lower (8–13) 237 45.6% 10.2 (2.1)

higher (13–22) 283 54.4% 14.9 (3.0)

Age and Education range in years.
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