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ORIGINAL COMMUNICATION

Cognitive function in healthy older European adults:
the ZENITH study

EEA Simpson1*, EA Maylor2, G Rae1, N Meunier3, M Andriollo-Sanchez4, G Catasta5,

C McConville1, M Ferry4, A Polito5, BJ Stewart-Knox1, DL Secker6 and C Coudray3

1School of Psychology/NICHE University of Ulster, Northern Ireland, UK; 2Department of Psychology, University of Warwick, UK;
3Centre de Recherche en Nutrition Humaine d’Auvergne, Unité Maladies Métaboliques et Micro-nutriments, INRA, Centre de Recherche
de Clermont-Ferrand/Theix, Saint Genès Champanelle, France; 4Laboratoire de Nutrition Vieillissement et Maladies Cardiovasculaires,
Faculté de Pharmacie, Université de Joseph Fourier, Domaine de la Merci, La Tronche, France; 5National Institute for Food and
Nutrition Research Human Nutrition Unit, Roma, Italy; and 6Cambridge Cognition Limited, UK

Objective: Baseline data are reported from a study of the effects of zinc supplementation on cognitive function in older adults as
assessed by the CANTAB computerised test battery.
Design: This is a multicentre prospective intervention study employing a randomised double-blind design.
Setting: European community-based study.
Participants: There are 387 healthy adults aged 55–87 y from centres in France, Italy and Northern Ireland.
Interventions: Measures of visual memory, working memory and attention were obtained at baseline (prior to
supplementation).
Results: Younger adults (o70 y) performed significantly better than older adults (470 y) on all tests, with minimal differences
between centres. In addition, men outperformed women on tests of spatial span, pattern recognition memory and reaction
times, although these gender differences varied somewhat between centres.
Conclusions: The results are generally consistent with previous age- and gender-related effects on cognitive functioning.
Sponsorship: The ZENITH study is supported by the European Commission ‘Quality of Life and Management of Living
Resources’ Fifth Framework Programme, Contract No. QLK1-CT-2001-00168.
European Journal of Clinical Nutrition (2005) 59, Suppl 2, S26–S30. doi:10.1038/sj.ejcn.1602294
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Introduction
Dietary intake can affect brain function (Fernstrom, 2000).

Zinc deficiency in particular has been associated with

impaired cognitive function in children and adults (Kretsch

et al, 1999). Zinc is found in large amounts in all areas of the

brain, especially the hippocampus, thought to be responsible

for learning and memory (Crawford, 1983). Zinc may

influence both development and functioning of the brain

(Sazawal et al, 1996; Bentley et al, 1997). In China, cognitive

functioning in children improved with zinc supplementa-

tion, as long as there was no deficiency in other important

nutrients (Sandstead et al, 1998).

Cognitive functioning is known to decline in old age

(McDaniel et al, 2002), as does zinc serum concentration

(Gilbride et al, 1998). Zinc deficiency has been implicated

as a possible contributing factor to cognitive decline and

neurodegeneration in older adults (Cuajungco & Faget,

2003). Ortega et al (1997) investigated the effects of diet

on cognitive functioning in 260 participants aged 65–90 y

whose dietary intake was recorded for 7 days. They found
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higher cognitive functioning, as measured by the Mini

Mental State Examination (MMSE; Folstein et al, 1975) and

Pfeiffer’s Mental Status Questionnaire (PMSQ; Pfeiffer, 1975),

with better nutritional diets. In particular, as zinc intake was

positively related to MMSE and PMSQ scores, they suggested

that zinc supplementation in older adults may promote

higher cognitive functioning.

With increasing numbers and proportions of older people

in Western societies (Laslett, 1997), it is important to

determine the effects of zinc supplements on cognitive

functioning in older adults. This was one of the aims of the

ZENITH study, which is a multicentre prospective interven-

tion study employing a randomised double-blind design in

which older volunteers were tested at baseline and then

followed up for 6 months of 15/30 mg zinc or placebo per

day. Here, we report baseline results of nonverbal tests of

cognitive function taken from the Cambridge Automated

Neuropsychological Test Battery (CANTAB; Sahakian &

Owen, 1992). Three areas of cognition were selected for

assessment: visual memory, working memory and attention.

Methods

Participants. Participants were recruited through local

media, community groups and organisations serving older

people. Two centres recruited participants aged 55–70 y,

one in Coleraine, Northern Ireland (n¼93) and another in

Clermont-Ferrand, France (n¼95). A further two centres

recruited participants aged 70–87 y, one in Rome, Italy

(n¼108) and another in Grenoble, France (n¼91). Approxi-

mately equal numbers of men and women were recruited in

each centre (see Table 1 for details). Participants were

required to give fully informed written consent before taking

part in the study and underwent full medical screening (liver

and kidney function tests, full blood and lipid profiles, blood

pressure and heart rate measures). A phlebotomist and nurse

performed the medical tests. Participants were screened

for depression by means of the Geriatric Depression Scale

(Yesavage et al, 1983) and for dementia by means of the

MMSE (Folstein et al, 1975). Volunteers were excluded if they

were found to be suffering from major physical or mental

health problems, were taking more than three prescription

drugs, or taking medication or nutritional supplements such

as zinc.

Materials

CANTAB assesses cognition using nonverbal stimuli with

touch-screen methodology and is therefore suitable for cross-

cultural research. The tests have brain-to-behaviour relia-

bility (Luciana & Nelson, 2002). Parallel versions of some of

the CANTAB tests are available for repeated measures and

have high test–retest reliability (Louis et al, 1999). Construct

validity for this battery has been obtained from studies

of neurological patients with disorders that affect specific

areas of the brain (Owen et al, 1996) and of patients with

psychiatric disorders (Elliott & Sahakian, 1995) and from

neuroimaging studies (Coull et al, 1996). CANTAB has been

used extensively in clinical trials (Louis et al, 1999) and in

research with older adults (Robbins et al, 1994).

The tests selected for ZENITH were all assumed to activate

areas of the brain affected by zinc status. Zinc is rich in many

areas of the brain such as the cerebral cortex, hippocampus

and amygdala regions (Takeda, 2000) and mediates neuro-

transmission (Huang, 1997). Thus, to investigate the effects

of zinc supplementation on cognition in older adults,

CANTAB tests were employed that require areas of the

brain rich in zinc. Tests of visual memory, such as pattern

recognition memory (PRM), activate the temporal lobes

(Kimura, 1963; Piggott & Milner, 1993), the hippocampus

(Mishkin, 1982) and amygdala (Owen et al, 1995). Working

memory tests activate the frontal cortex (Petrides & Milner,

1982; Goldman-Rakic, 1987; Owen et al, 1997). Tests of

attention such as simple or 5-choice reaction time (RT) and

match to sample visual search (MTS) activate the fronto-

striatal circuitry (Sahakian et al, 1990; Chari et al, 1996).

Initially, all participants completed a motor screening

test in which they were asked to touch crosses with their

index finger, as they appeared one at a time on the screen.

This familiarised participants with the response procedure

required in all subsequent tests. Visual memory was assessed

by PRM. Participants were asked to remember a series of 12

abstract coloured patterns, each presented for 3 s. They were

then presented with a series of 12 pairs of old–new patterns

and were asked to touch the pattern seen previously in each

case. This procedure was repeated with a second set of 12

patterns followed by 12 pairs of patterns for recognition. The

dependent measure was the total number correctly recog-

nised out of 24 patterns.

Working memory was assessed by spatial span (SSP). SSP

measures the capacity of immediate memory for a series of

spatial locations. White boxes on the computer screen

changed colour one after the other and the participant’s

task was then to touch the highlighted boxes in the same

sequence. The test began with two boxes and increased one

box each trial if the participant correctly recalled the

Table 1 Numbers and mean ages (with standard deviations) for men
and women in each of the four centres of the ZENITH study

Centre

Variable
Coleraine
(55–70 y)

Clermont-
Ferrand

(55–70 y)
Rome

(70–85 y)
Grenoble
(70–87 y)

Men
n 45 48 56 47
Age (y) 62.7 (4.7) 61.3 (4.2) 75.0 (4.4) 74.4 (3.6)

Women
n 48 47 52 44
Age (y) 62.1 (4.4) 61.2 (4.4) 74.0 (3.6) 74.0 (3.3)
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sequence. Three attempts were allowed at each level up to a

maximum of nine boxes. The dependent measure was the

longest sequence length recalled correctly.

Attention was assessed by simple and 5-choice RT and

sustained attention by MTS. For simple RT, a yellow dot

appeared inside a circle in the centre of the computer screen.

Participants were required to release a press pad and touch

the dot as quickly as possible after its onset. For 5-choice RT,

the yellow dot could appear in any one of five circles. Both

tests are divided into practice and test phases, and partici-

pants are required to obtain 9 out of 10 correct in the

practice phase before going to the test phase. If participants

fail to achieve this, they are presented with a second practice

phase. They then proceed to the test phase regardless of

performance. The dependent measure was the mean latency

measured in milliseconds between the dot’s appearance and

the release of the press pad. Results were qualitatively similar

for the simple and 5-choice tasks and so we present only the

5-choice data here (5-CRT).

MTS required participants to view an abstract pattern in

the centre of the screen and then to select the matching

pattern from sets of two, four or eight surrounding the

original pattern. The practice session had three trials,

followed by 18 test trials. The dependent measure was the

mean correct latency to release the press pad when the

matching pattern had been identified.

Procedure

All tests were completed at baseline, and at months 3 and

6 of supplementation. CANTAB tests were administered after

participants had eaten breakfast and took approximately

35–40 min to complete. Following general verbal instructions

explaining the touch screen, participants received practice

on the motor screening test. The main CANTAB tests were

then presented in the following order: PRM, SSP, SWM, RT

and MTS. (SWM was an additional test of spatial working

memory, the results of which are not reported here for the

sake of brevity.) Standardised verbal instructions for each

test were provided by the experimenter, including prompts

where appropriate. These instructions were taken verbatim

from the CANTAB test manual, which was available in

English, French and Italian. Participants were thanked for

their time, and any queries were addressed.

Results
Figure 1 shows the overall means (with standard error bars)

for the four cognitive tests, with the two centres with

younger participants on the left and the two centres with

older participants on the right. The dependent variable for

each test (see earlier) was analysed with a 4 (centre)�2 (sex)

factorial ANOVA.

Centre differences

Centre differences were found for PRM (F(3,378)¼14.48,

Po0.001), SSP (F(3,377)¼12.45, Po0.001), 5-CRT

(F(3,378)¼21.57, Po0.001) and MTS (F(3,378)¼22.93,

Po0.001). Scheffé post hoc comparison tests showed no

significant difference between the two younger centres

(P40.05; Coleraine vs Clermont-Ferrand) or between the

two older centres (P40.05; Rome vs Grenoble) on any of the

four tests. The centre effects were attributable to better

memory for PRM (Po0.01) and SSP (P¼0.03) and faster RT

for 5-CRT (Po0.01) and MTS (Po0.01) for the younger

participants than for the older participants.

Sex differences

Men performed significantly better than women for PRM

(F(1,378)¼5.84, P¼0.016), SSP (F(1,377)¼9.16, P¼0.003)

and 5-CRT (F(1,378)¼11.77, P¼0.001). There was no sex

difference for MTS (F(1,378)¼0.38, P¼0.536).

Interactions

There were significant centre� sex interactions for SSP

(F(3,377)¼3.04, P¼0.029) and 5-CRT (F(3,378)¼4.81,
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P¼0.003). In both cases, male superiority was more evident

in Clermont-Ferrand and Rome than in Coleraine and

Grenoble. There was no interaction for PRM (F(3,378)¼
0.70, P¼0.553) or MTS (F(3,378)¼1.72, P¼0.162).

Discussion
Significant overall differences in performance on tests from

the CANTAB test battery were found between the four

centres, which largely reflected the influence of age: younger

participants in Coleraine and Clermond-Ferrand (55–70 y)

performed better than older participants in Rome and

Grenoble (70–87 y) on all four tests of cognitive function.

Thus, there was clear evidence of age-related decline in visual

memory (as assessed by PRM), working memory (as assessed

by SSP) and attention (as assessed by 5-CRT and MTS) in the

ZENITH sample at baseline. These findings are consistent

with previous results from studies that have administered

tests from the CANTAB battery to healthy older adults and

found age deficits (eg, Nettelbeck & Rabbitt, 1992; Robbins

et al, 1994).

Sex differences favouring male participants were found

for PRM, SSP and 5-CRT. This is consistent with the findings

of De Luca et al (2003), who reported normative data for

CANTAB (8–64 y) and found longer SSP for men than for

women. Also, a large meta-analysis of age and sex differences

by Meinz and Salthouse (1998) noted superior performance

by men for spatial tests, primary and working memory tests,

and tests of reasoning. However, our findings are not

consistent with those of Robbins et al (1994), who examined

787 adults aged 55–80 y and found no sex differences on our

measures of either PRM or MTS. The present 5-CRT results

also contrast with Meinz and Salthouse’s finding of greater

perceptual speed in women than in men. Nevertheless, the

present pattern of sex differences largely reflects the visuo-

spatial nature of the tests. Sex differences in cognition,

attributable to sex-related hormone and physiological differ-

ences in the brain (Kolb & Stewart, 1991), tend to favour

men for spatial tests and women for verbal tests, regardless of

age (see Meinz & Salthouse, 1998, for a review).

However, the above sex differences were not always

consistent across the four centres. Thus, for SSP and 5-CRT,

the men in Clermont-Ferrand and Rome outperformed the

women, whereas the men and women in Coleraine and

Grenoble performed similarly. The reason for this is unclear

because these two centres showing greater sex differences

have neither age nor nationality in common. Further

investigation of other factors (eg, education, health and

lifestyle) may be necessary to discover what determines

whether or not sex differences will emerge in older adults’

performance.

In conclusion, the results support previous research

showing age-related decline in cognitive function. Signifi-

cant differences associated with old age were found in this

sample of older Europeans for measures of visual memory,

working memory and attention. In addition, men out-

performed women on at least one measure of all three

aspects of cognition; however, these sex differences were

more evident in two of the four centres (younger participants

in France; older participants in Italy) than in the other two

centres (younger participants in Northern Ireland; older

participants in France). European differences in cognition

need to be investigated further, taking health, lifestyle and

other factors into account.
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