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Abstract

Aims: We investigated whether the longitudinal relationship between gastrointestinal
diseases and subsequent decline in executive functioning over six years differed by cognitive
reserve.

Methods: We analyzed longitudinal data from 897 older adults (M = 74.33 years)
tested on TMT parts A and B in two waves six years apart. Participants reported information
on education, occupation, leisure activity engagement, and gastrointestinal diseases.

Results: There was a significant interaction of gastrointestinal diseases with leisure
activity engagement on latent change in executive functioning. Specifically, only for
individuals with low (but not those with high) leisure activity engagement, gastrointestinal
diseases significantly predicted a steeper subsequent decline in executive functioning across
six years (i.e., increases in TMT completion time).

Conclusion: Cognitive reserve may attenuate the detrimental influences of

gastrointestinal diseases on subsequent decline in executive functioning.
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Introduction

Gastrointestinal diseases such as peptic ulcer disease, chronic diarrhea, and chronic
constipation are associated with increased risk of cognitive impairments in midlife and old
age [1, 2]. With respect to such impairments, the cognitive reserve concept postulates that
lifelong cognitive stimulation builds up a buffer that is instrumental for preserving cognitive
functioning in aging [3]. Frequently-used proxies of cognitive reserve are education in early
life, cognitively demanding jobs in midlife, and leisure activity engagement across adulthood,
which contribute to the accumulation of cognitive reserve and are for example related to
better executive functioning in old age [4-7].

Notably, previous research has demonstrated that cognitive reserve may help to
overcome cognitive impairments that are related to health risk factors such as metabolic
syndromes and other physiological stressors [8-10]. Yet, to the best of our knowledge, there is
no investigation to date regarding the role of cognitive reserve in modifying the relationship
between gastrointestinal diseases and cognitive functioning. Moreover, with respect to the
different contributions to the accumulation of cognitive reserve across the lifespan it needs to
be identified which of the key proxies (education, cognitive demand of jobs, or leisure activity
engagement) may play the most important role in this context. To address this major gap in
the literature, we investigated whether the longitudinal relationship between gastrointestinal
diseases and subsequent decline in executive functioning over six years as measured through
performance changes in the Trail Making Test (TMT) differed by key frequently-used proxies
of lifelong cognitive reserve accumulation (i.e., education, cognitive demand of jobs, and
leisure activity engagement).

Methods
Participants
We analyzed data from 897 individuals who participated in the two waves of the

Vivre-Leben-Vivere (VLV) survey [11]. Respondents were first interviewed during 2011



(Wave 1; W1) and again in 2017 (Wave 2; W2) using face-to-face computer-assisted personal
interviewing (CAPI) and paper-pencil questionnaires. For further details regarding the
rationale, design, recruitment, materials, and procedures of the VLV survey see [11]. Mean
age of these respondents in W1 was 74.33 years (SD = 6.50, range 65-96); 51.4% were men.
Materials

In both waves, we administered the Trail Making Test parts A and B (TMT A and
TMT B, respectively, with completion time recorded in seconds [12]). Participants reported in
W1 whether they suffered from gastrointestinal diseases such as peptic ulcer disease, chronic
diarrhea, and chronic constipation (solely assessed via self-report). We used the Cognitive
Reserve Index questionnaire (CRIq [13]) to assess proxies of accumulated cognitive reserve
across the lifespan in terms of education, cognitive demand of jobs, and leisure activity
engagement.
Statistical Analyses

Using latent change score modeling, we modeled latent executive functioning factors
of TMT completion time [in seconds] in W1 (constructed from TMT parts A and B in W1)
and W2 (constructed from TMT parts A and B in W2) as well as a latent change in executive
functioning variable regarding change in TMT completion time from W1 to W2. We included
the following covariates to predict latent change: gastrointestinal diseases in W1, the proxies
of cognitive reserve (education, cognitive demand of jobs, and leisure activity engagement),
age in W1, sex, and the interactions of gastrointestinal diseases in W1 with the proxies of
cognitive reserve. We also included interrelations of all covariates to take the dependencies
among them into account.

Results
The latent change score model provided a very good statistical account of the data (x?

=25.45,df=17, p=.085, CFI > .99, IFI > .99, RMSEA = .02, SRMR = .02).



There was a trend for gastrointestinal diseases in W1 predicting a larger subsequent
increase in TMT completion time from W1 to W2 (i.e., steeper decline in executive
functioning, 3 = .08, p =.074). Older age in W1 significantly predicted a larger increase in
TMT completion time from W1 to W2 ( = .35, p <.001). Greater past leisure activity
engagement across adulthood significantly predicted a smaller increase in TMT completion
time from W1 to W2 (i.e., a smaller decline in executive functioning, 8 = -.13, p = .005).
Education, cognitive demand of jobs, and sex did not predict changes in TMT completion
time (ps > .196). Notably, there was a significant interaction of gastrointestinal diseases in
W1 with past leisure activity engagement ([3 = -.09, p = .043). Specifically, for individuals
with low past leisure activity engagement (-1 SD), gastrointestinal diseases in W1
significantly predicted a larger subsequent increase in TMT completion time from W1 to W2
(i.e., steeper decline in executive functioning, § = .14, p = .024). In contrast, for individuals
with high past leisure activity engagement across adulthood (+1 SD), this longitudinal
relationship between gastrointestinal diseases and subsequent decline in executive functioning
was not significant (f = .01, p =.930). Besides that, no other interactions of gastrointestinal
diseases in W1 with the proxies of cognitive reserve on latent change in TMT completion
time were observed.

Discussion

Present longitudinal results have important implications. As the primary study so far,
we demonstrated a substantial interaction of gastrointestinal diseases with past leisure activity
engagement on latent change in executive functioning. Specifically, for individuals with low
past leisure activity engagement, gastrointestinal diseases in the first wave of data collection
predicted a steeper subsequent decline in executive functioning across six years (i.e., indicated
by increases in TMT completion time). In contrast, for individuals with high past leisure
activity engagement across adulthood, this longitudinal relationship between gastrointestinal

diseases and subsequent decline in executive functioning was not evident. Disentangling the



individual contributions to cognitive reserve accumulation across the lifespan, we found that
(in contrast to education and cognitive demand of jobs) leisure activity engagement played the
key role in this context. Thereby, our observations dovetail with findings that greater leisure
activity engagement contributes to cognitive reserve and is associated with reduced decline in
executive functioning [5].

In conclusion, present results suggest that the detrimental influences of gastrointestinal
diseases on subsequent decline in executive functioning may be attenuated in individuals who
have accumulated greater cognitive reserve through leisure activity engagement across their
life. Therefore, especially a lifelong stimulating activity engagement is crucial for building up
cognitive reserve in order to promote the maintenance of executive functioning in old age.
Future longitudinal research will have to include a larger set of cognitive abilities as well as
medical reports on gastrointestinal diseases.

Funding

This work was supported by the Swiss National Centre of Competence in Research
LIVES — Overcoming vulnerability: life course perspectives, granted by the Swiss National
Science Foundation (grant number: 51NF40-160590). Al acknowledges support from the
Swiss National Science Foundation (grant number: 10001C_189407).

The funding sources had no role in the preparation of data or the manuscript.
Moreover, the authors have not entered into an agreement with the funding organization that
has limited their ability to complete the research as planned and publish the results. The
authors have had full control of all the primary data.

Author Contributions

Al formulated the research question, analyzed the data, and wrote the manuscript.
ERG, BRG, and SZ were involved in writing the manuscript. MK formulated the research
question, conceptualized the study, supervised the data collection, and participated in writing.

Statement of Ethics



All participants gave their written informed consent before participating in the study

that was conducted in accordance with the Declaration of Helsinki.
Disclosure Statement
The authors have no conflicts of interest to disclose.
References

1. Rosa IM, Henriques AG, Carvalho L, Oliveira J, Silva OABDE: Screening Younger
Individuals in a Primary Care Setting Flags Putative Dementia Cases and Correlates
Gastrointestinal Diseases with Poor Cognitive Performance. Dement Geriatr Cogn Disord
2017;43:15-28. DOI: 10.1159/000452485

2. Eshkoor SA, Hamid TA, Mun CY: Correlation of Cognitive Impairment with
Constipation and Renal Failure. Sains Malays 2016;45:1357-1361.

3. Stern Y: Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol
2012;11:1006-1012. DOI: 10.1016/5S1474-4422(12)70191-6

4. Opdebeeck C, Martyr A, Clare L: Cognitive reserve and cognitive function in
healthy older people: a meta-analysis. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn
2016;23:40-60. DOI: 10.1080/13825585.2015.1041450

5. Wang, H. X. et al. Late life leisure activities and risk of cognitive decline. J
Gerontol A Biol Sci Med Sci 2013;68:205-213. DOI: 10.1093/gerona/gls153

6. Ihle A, Oris M, Fagot D, Kliegel M: The relation of the number of languages
spoken to performance in different cognitive abilities in old age. J Clin Exp Neuropsychol
2016;38:1103-1114. DOI: 10.1080/13803395.2016.1197184

7. Thle A, Grotz C, Adam S, Oris M, Fagot D, Gabriel R, Kliegel M: The association
of timing of retirement with cognitive performance in old age: the role of leisure activities
after retirement. Int Psychogeriatr 2016;28:1659-1669. DOI: 10.1017/S1041610216000958

8. Ihle A, Gouveia ER, Gouveia BR, Freitas DL, Jurema J, Tindco MA, Kliegel M:

High-Density Lipoprotein Cholesterol Level Relates to Working Memory, Immediate and



Delayed Cued Recall in Brazilian Older Adults: The Role of Cognitive Reserve. Dement
Geriatr Cogn Disord 2017;44:84-91. DOI: 10.1159/000477846

9. Ihle A, Mons U, Perna L, Oris M, Fagot D, Gabriel R, Kliegel M: The Relation of
Obesity to Performance in Verbal Abilities, Processing Speed, and Cognitive Flexibility in
Old Age: The Role of Cognitive Reserve. Dement Geriatr Cogn Disord 2016;42:117-126.
DOI: 10.1159/000448916

10. Thle A, Gouveia ER, Gouveia BR, Freitas DL, Jurema J, Machado FT, Kliegel M:
The Relation of Hypertension to Performance in Immediate and Delayed Cued Recall and
Working Memory in Old Age: The Role of Cognitive Reserve. J Aging Health 2018;30:1171-
1187. DOI: 10.1177/0898264317708883

11. Thle A, Zuber S, Gouveia ER, Gouveia BR, Mella N, Desrichard O, Cullati S, Oris
M, Maurer J, Kliegel M: Cognitive Reserve Mediates the Relation between Openness to
Experience and Smaller Decline in Executive Functioning. Dement Geriatr Cogn Disord
2019. DOI: 10.1159/000501822

12. Reitan RM: Validity of the Trail Making Test as an indicator of organic brain
damage. Percept Mot Skills 1958;8:271--276.

13. Nucci M, Mapelli D, Mondini S: Cognitive Reserve Index questionnaire (CRIq): a
new instrument for measuring cognitive reserve. Aging Clin Exp Res 2012;24:218--226. DOI:

10.3275/7800



