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Introduction: The occurrence of age-related vision changes is inevitable. However, some of these changes can become pathological. Research indicates that vision and hearing loss is correlated with age-related cognitive decline, and with a higher risk of developing dementia due to Alzheimer’s disease. Low vision rehabilitation could possibly be a protective factor against cognitive decline, as it provides the clients with compensatory strategies to overcome their visual deficits.

Objectives and hypothesis: The aim of this pilot study was to assess correlations between visual and cognitive functions in older adults referred for low vision rehabilitation. We hypothesized that more severe impairment of visual acuity and contrast sensitivity would be correlated with more advanced levels of cognitive impairment. The second objective was to examine which of these correlations would remain significant once established variables that influence cognition are statistically removed (e.g., age, education).

Methods: Thirty-eight older adults (age range: 66–97 years old) with a visual impairment (acuity <20/70) were recruited before the onset of their low vision rehabilitation. They underwent vision (reading acuity, reading speed, contrast sensitivity), hearing (audiogram, speech-in-noise perception) and cognitive (global cognition, memory, executive functions) testing, and demographic information was obtained.

Results and discussion: Correlations among global cognition and visual aid use, memory and reading speed, memory and contrast sensitivity, memory, and visual aid use, and between executive functions and contrast sensitivity were significant. Correlations between contrast sensitivity and memory, as well as between global cognition and visual aid use remained significant after controlling for age and education. The present study is relevant to clinicians who are assessing the cognitive status of older adults, such as neuropsychologists, because it highlights the importance of considering low vision when administering neuropsychological tests, especially to persons who have not yet received rehabilitation for their visual impairment.
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Introduction

Changes in vision, such as the inevitable arrival of the need for reading glasses in middle age (presbycusis) are expected as a part of the normal aging process (Haegerstrom-Portnoy et al., 2002); however, there are eye diseases associated with aging that can further impair the visual abilities of older adults (Wong et al., 2014). Some visual functions change as a result of visual pathologies, such as age-related macular degeneration (AMD), glaucoma or diabetic retinopathy, all of which can cause low vision (Wittich and Gagné, 2016). Low vision (LV) has been described as a decline in visual functions that alters the ability to complete visual tasks, and that cannot be treated with corrective or contact lenses, or other surgical or medical interventions (Corn and Erin, 2010). The World Health Organization (2019) predicts that the number of individuals with AMD will increase 1.2-fold from 2020 (roughly 195 million) to 2030 (roughly 243 million). Interestingly, research indicates that visual decline due to AMD, and vision loss in general, are correlated with age-related cognitive decline, and persons with AMD are at higher risk of developing dementia due to Alzheimer’s disease (Rogers and Langa, 2010; Zhou et al., 2016; Nagarajan et al., 2022). The link between visual and cognitive functioning and aging has a long-standing knowledge base (Lindenberger and Baltes, 1994; Lindenberger et al., 2001); however, the majority of correlational explorations of vision and cognition have been conducted with population-based data sets (Hong et al., 2016) or have focused on specific sub-populations with cognitive or visual diagnoses [e.g., vision in patients with Alzheimer’s disease (AD; Kirby et al., 2010), or cognition in persons with AMD (Zhou et al., 2016)] that have received treatment or are being treated. Low vision rehabilitation is a service that aims at improving daily living by providing techniques to use remaining intact vision. We are unaware of any studies on the effect of low vision rehabilitation on cognition that have been able to include participants with low vision (e.g., visual acuity below 20/60) that had not (yet) received rehabilitation services. A recent longitudinal study focused on functional improvement in activities of daily living in veterans with low vision, with or without cognitive impairment, but the study did not assess cognition pre- and post-rehabilitation (Whitson et al., 2020). The present pilot study aimed to explore the relationship among sensory and cognitive variables, specifically in older adults who had not yet received low vision rehabilitation, thereby presenting an opportunity to better understand the relationship among their pre-rehabilitation sensory-cognitive abilities. This understanding is required for future studies that will explore the effect vision rehabilitation may have on cognition in older adults with low vision (Wittich et al., 2021).

As a result of the normal aging of the visual system, near visual acuity is expected to decrease somewhat, making the reading of small print more challenging (Pierscionek and Weale, 1995). Similarly, aging affects cognitive abilities, such as memory and processing speed (Park and Gutchess, 2016), and a decline in cognitive function is expected. In addition, cognitive pathologies, such as AD and vascular dementia, are two of the most predominant forms of dementia, causing significant changes in cognition (World Health Organization, 2017).

Several studies have linked changes in visual function (e.g., visual acuity, reading acuity) to changes in cognitive function (Rogers and Langa, 2010; Dupuis et al., 2014; Zhou et al., 2016; Davies-Kershaw et al., 2018; Zheng et al., 2018; Ehrlich et al., 2021). For example, cognitive impairment, as measured by on a score of lower than 28 on the Mini Mental State Examination (MMSE), is related to slower reading speed on the Minnesota Low Vision Reading Test (MNRead; Swenor et al., 2016). Similarly, impairment in visual acuity has been linked to lower scores on the Montreal Cognitive Assessment (MoCA; Dupuis et al., 2014), a screening tool designed to identify persons at risk for mild cognitive impairment. Additionally, individuals with mild cognitive impairment and AD have higher rates of reduced reading acuity than individuals with subjective cognitive decline (Wittich et al., 2019). In a meta-analysis, the presence of AMD has been linked to lower scores on various cognitive tests (i.e., Mini-Mental State Examination, Mini-Cog test, Trail Making Test A; Zhou et al., 2016).

Several studies have found vision-related abnormalities in individuals with AD. Visual deficits (e.g., difficulty reading, loss of contrast sensitivity) are commonly found in AD (Lee and Martin, 2004), and visual complaints are often reported by AD patients in the early stages of the disease and may precede the memory decline (Ikram et al., 2012). In addition, a decrease in the visual field and/or contrast sensitivity, as well as fixation problems, are common in AD patients (Ikram et al., 2012). A longitudinal study found that self-reported low vision was a risk factor for AD (Davies-Kershaw et al., 2018). Moreover, this relationship between AD and visual deficits is also present in the brain at the structural level, whereby the topological organization of higher-level visual networks is altered in individuals with AD and mild cognitive impairment (Deng et al., 2016).

Furthermore, several studies focusing on functional outcomes explored the link between changes in vision (e.g., visual acuity, contrast sensitivity) and changes in cognition (e.g., global cognition, executive functions, psychomotor speed). Longitudinal studies have demonstrated an association between low vision and cognitive decline over time, whereby the severity of the decline in visual acuity over 8 years, as measured by the ETDRS chart (Early Treatment of Diabetic Retinopathy Study), is linked to the severity of the cognitive decline at the 8-year follow-up, as measured by the MMSE (Zheng et al., 2018). Another study showed that low vision is associated with the transition from normal cognition to cognitive impairment or dementia, using Digit Symbol Substitution Test and the Modified MMSE), to measure cognition (Ehrlich et al., 2021). A longitudinal study assessing multiple aspects of visual functioning (e.g., contrast sensitivity, visual acuity, and stereo acuity) found that impairments in these measures of vision were associated with increased risks of a decrease in psychomotor speed, worse executive functioning, and general cognitive decline over 9 years (Swenor et al., 2019). A risk factor for cognitive decline and AD is uncorrected self-reported low vision (Rogers and Langa, 2010), while wearing glasses and having good visual acuity can be protective against cognitive decline (Spierer et al., 2016).

Many mechanisms have been postulated to explain this link between sensory and cognitive decline. First, the information degradation hypothesis states that neurobiological processes (e.g., AMD) weaken the strength of the perceptual signal, which, in turn, negatively affect perceptual and cognitive processing (Monge and Madden, 2016). In the case of AMD, the visual decline may cause a decrease in the stimulation, thereby resulting in cognitive decline. Second, the sensory deprivation hypothesis states that a persistent absence of adequate sensory input will create neuronal atrophy and will later result in cognitive decline (Clay et al., 2009). In the case of AMD, the reduced visual input due to visual decline may create neuronal atrophy, meaning that cognitive decline may result later because of AMD. Third, the cognitive compensation hypothesis states that cognitive functions could be used to compensate for the visual decline, therefore monopolizing the cognitive resources and causing cognitive decline (Roberts and Allen, 2016). In the case of AMD, this could mean that cognitive resources, such as attention, could be used to compensate for vision loss. Therefore, not all cognitive functions are available for higher-level tasks. For example, as attention is a key function in the encoding process, this compensation could result in less in-depth encoding, leading to memory decline.

Another hypothesis is the common cause hypothesis, which states changes in sensory and cognitive ability are due to a single common cause, such as the aging brain (Kiely and Anstey, 2015). Other hypotheses have also been proposed to explain the relationship between concomitant changes in sensory and cognitive functions. Social participation has been proposed as a key factor in cognitive health. For example, individuals with vision loss might fear falls when going outside and prefer not to attend social event for this reason. This reduced participation might be followed by a reduction in cognitive capacities (Bourassa et al., 2015).

Recently, some anatomical studies have linked AMD and AD (Dentchev et al., 2003; Chang et al., 2014; Ratnayaka et al., 2015). The brain and the retina share many similarities, such as the same embryological origin, as well as some anatomical and physiological features (Ikram et al., 2012). Chang et al. (2014) presented evidence that the three well-known AD biomarkers—protein amyloid-ß, senile plaques, and neurofibrillary tangles, are also present in the retina of AD patients. Another study linked amyloid-ß deposits in the retina to AMD (Dentchev et al., 2003). These discoveries are an important step in understanding the critical link between AMD and AD.

According to the first three hypotheses, the degradation of the sensory input is proposed to be linked to cognitive decline. The first two hypotheses state that the degradation of the sensory input is causing the degradation of cognition. Therefore, focusing on ways to reinstate the visual input in AMD patients could theoretically preserve or potentially improve cognitive functioning. According to the third hypothesis, reducing the effort needed to see and read could reduce the cognitive demands for tasks involving reading, and more cognitive resources could be allocated to higher-level tasks. Therefore, in line with all three hypotheses, low vision rehabilitation should be a way to preserve or even improve cognitive functioning in patients with AMD. At present, little is known about any relationship among sensory and cognitive variables before the vision rehabilitation process in persons living with AMD.

In Quebec, individuals with vision loss have access to rehabilitation services and assistive devices provided by the government at no cost to the client (Government of Quebec, 2022). Eligible individuals can undergo low vision rehabilitation to maximize their residual vision and learn strategies to compensate for their vision loss (Gordon et al., 2015). These services can include adaptations of the client’s physical environment to ensure proper lighting and adaptive techniques for reading, instruction in the use of assistive devices to facilitate visual activities, and other considerations that might be appropriate for the client. Low vision rehabilitation has been linked to an improvement in quality of life and participation in activities of daily living (Binns et al., 2012). However, to our knowledge, there are currently no data available that evaluate the impact of low vision rehabilitation on cognition in older adults.


Pilot study objectives

The first objective of this pilot study was to assess correlations between the sensory and cognitive functions in older adults referred for low vision rehabilitation. We hypothesized that more severe impairment of visual acuity and contrast sensitivity would be correlated with more advanced levels of cognitive impairment (e.g., processing speed, executive functioning, and memory). Should such relationships exist, the second objective was to examine which of these correlations would remain significant once established variables that influence cognition are statistically removed (e.g., age, education).




Methodology

The Institutional Review Board approval for this study was obtained from the Centre de recherche interdisciplinaire en réadaptation du Montréal métropolitain (CRIR #1284-1217). Additional details about the larger protocol context, within which these pilot data were collected, have been published elsewhere (Wittich et al., 2021).


Participants

Low vision participants were recruited from the two rehabilitation centres in the Montreal region (Centre de Réadaptation Lethbridge-Layton-Mackay du CIUSSS du Centre-Ouest-de-l’Île-de-Montréal, and l’Institut Nazareth et Louis-Braille du CISSS de la Montérégie-Centre). Inclusion criteria were: being at least 65 years old, having a diagnosis of AMD as confirmed by the referring optometrist or ophthalmologist, and being eligible for low vision rehabilitation according to the following Quebec Health Ministry criteria (Government of Quebec, 2022): visual acuity in the better eye of < 20/70 (6/21; ETDRS or Feinbloom) with standard optical correction of lesser than four dioptres, or ≤ 20/60 (6/18) for individuals with a degenerative visual problem and perception of impairment. Exclusion criteria were having a neurological disorder as noted in the patient file or self-reported by the patient, a severe hearing loss (> 70 dB mean pure-tone average hearing level in the better ear), or a diagnosed form of dementia, as noted in the participants’ rehabilitation file or referral. The sample was composed of 38 participants (age range: 66–97 years old). Their demographic information can be found in Table 1.



TABLE 1 Demographic table—frequencies.
[image: Table1]




Materials

All tests were selected because they are suited for individuals with vision impairment (i.e., they do not depend on vision), are available and validated in French and in English, and have acceptable psychometric properties. Most testing sessions took place in the participants’ home. A demographic questionnaire was used to collect basic information about the participants, such as their age, level of education and living circumstances. The questionnaire also contained items about their reading habits, both before and after the onset of their visual impairment. In addition, the Depression, Anxiety and Stress Scale (DASS 21; Lovibond and Lovibond, 1995) was used to assess the mental health of participants over the past week (Henry and Crawford, 2005) because it has good psychometric properties when used with older adults (Gloster et al., 2008).


Vision measures

The Minnesota Low Vision Reading Test (MNRead) was used to assess the maximum reading speed (i.e., reading speed when there is no character size limit; in words per minute) and reading acuity (Mansfield et al., 1994), because it is specifically designed for low vision patients and is adapted for populations of all ages. The Mars Letter Contrast Sensitivity Test (MLCS) was used to assess contrast sensitivity, which requires participants to read letters where the contrast decreases with each letter (Arditi, 2005). Finally, the International Reading Speed Text (IReST) was used to assess reading speed (in words per minute). This test is commonly used with individuals with low vision and has been validated with younger and older adults (Trauzettel-Klosinski and Dietz, 2012; Morrice et al., 2020, 2021). Participants were encouraged to use any assistive devices that they may have to complete the task. The norms for Canadian older adults aged 60 years old and older from Morrice et al. (2021) were used. These norms only offer normative data for anglophone Canadians. Finally, participants responded to two items from the Canadian Longitudinal Study on Aging (Kirkland et al., 2015), asking “How do you characterize your eyesight (using glasses or corrected lenses if you use them)?” (excellent, very good, good, fair, poor) and “Besides glasses or contact lenses, do you use any aids or specialized equipment for persons who are blind or visually impaired” (yes/no). The second question had an optional follow-up item on which type of devices are used, to elucidate any potential effect of device access and/or use before vision rehabilitation began through professional services.



Cognitive measures

To assess the cognitive function of participants, four tests were administered. First, the MoCA (Nasreddine et al., 2005) was used to screen the overall cognition of the participants. It was scored in both its traditional way as well as in its blind format(Wittich et al., 2010), because many participants were unable to complete the visual items of the test. The score of the MoCA-Blind is obtained by eliminating the visual items. A score of 26 on the MoCA and 18 on the MoCA-Blind are the cut-off scores indicating that an individual may be at risk for mild cognitive impairment. The three different versions of the MoCA (7.1, 7.2, 7.3) were assigned randomly. The normative values used for the MoCA regular version were for older adults aged 80–89 years old because the mean age and most of our participants fall into this age range (Malek-Ahmadi et al., 2015).

The Rey Auditory Verbal Learning Test (RAVLT) was used to assess the verbal learning and the verbal memory of our participants (Strauss et al., 2006). This test evaluates memory encoding, storage, and retrieval (Strauss et al., 2006). Both, the learning, delayed recall, and recognition parts were used. The RAVLT is scored for acquisition (i.e., number of words recalled in the first five trials), delayed recall (i.e., the number of words recalled after the 20-min interval) and recognition (i.e., number of words correctly identified in a 50-word list), whereby higher scores indicate better performance. The normative values used were acquired by Gale et al. (2007) in a population of older adults aged 80 to 89 years old.

A third measure was the Oral Trail Making Test parts A & B (OTMT), the auditory version of the Trail Making Test. It is designed for populations for which drawing may be a problem, such as individuals with a visual impairment (Strauss et al., 2006). It is composed of two trials, a first trial where the participant is asked to count from 1 to 25 as fast as possible, and a second trial where they are asked to count from 1 to 13 by alternating between a number and a letter in both chronological and alphabetical order. This test assesses attention, speed, and mental flexibility. The outcome measure is the time, in seconds, participants took to complete the task, whereby lower scores indicate better performance (Strauss et al., 2006). The normative values for the OTMT used in the present pilot study were acquired in a sample of older adults aged 69–90 years old.



Hearing measures

As hearing loss is correlated with cognitive decline (Lin et al., 2013), and has been identified as the largest potentially modifiable risk factors in mid-life for dementia in late life (Livingston et al., 2020). Hearing assessment was included in the protocol to be further explored in the analyses. However, these data are only included here for descriptive purposes. First, the experimenter performed an otoscopy with the participant’s authorization. This is a visual examination of the ear canal to evaluate its integrity, using an otoscope. Both ears were examined before proceeding to the hearing test. The Canadian Digit Triplet Test (CDTT) was then used to assess speech perception in noise, using a signal-to-noise ratio threshold (Giguère et al., 2020). The outcome measure was the signal-to-noise ratio, indicating how much noise a person could tolerate while still being able to comprehend speech (more negative values indicate better tolerance of noise). Participants also complete the Hearing Handicap Inventory for the Elderly (Ventry and Weinstein, 1982) to explore self-reported situational and emotional hearing abilities.



Procedure

All eligible individuals were identified and contacted by the admissions office at each rehabilitation center according to the eligibility criteria. If interested, their contact information was sent to the research team. Informed written consent was obtained, and participants completed the questionnaires, hearing, reading and cognitive assessment components. Participants were scheduled for their first testing session before their global initial intake exam by a professional from the rehabilitation center. All the questionnaires were administered verbally. The testing session began with the demographic questionnaire and the DASS 21. Thereafter, the participants’ vision was assessed using the MNRead and the Mars Letter Contrast Sensitivity test. Then, the MoCA and the RAVLT part 1 were performed. During the 20-min break between the RAVLT part 1 (acquisition) and part 2 (delayed recall and recognition), the participants completed the CDTT. If the participant did not need a break at this point, or if their testing session progressed at a good speed, they additionally performed the IReST and/or the OTMT, depending on how much time remained during the 20-min break. Then the RAVLT delayed recall and the RAVLT recognition were performed. The sessions lasted approximately 2 h, and the participants were encouraged to take as many breaks as they needed. The testing sessions were conducted by two experimenters (e.g., student and research assistant) to facilitate the flow of the otherwise lengthy protocol. Participants were informed that they would be contacted at a later date for eventual follow-up as part of a larger protocol that examines cognitive outcomes of vision rehabilitation (Wittich et al., 2021).




Results

Prior to the analysis, the data were thoroughly screened for any missing or extreme values. When possible and/or suitable, the missing values were replaced by the mean of the sample or the mean of the participant (for questionnaires with multiple items). Two extreme values were removed from the data: one from the CDTT test, whereby the results indicated that the participant had an extremely severe hearing impairment that did not correspond to the communication experience with the participant and was, therefore, more likely a headphone malfunction. The second extreme value was a MoCA score of 4. Since the participant fell asleep during the MoCA, we judged that his result was not an adequate representation of his cognitive capacities. As for the other tests completed by this participant, they were included in the analysis as he was fully awake during this part of the testing, and his scores did not fall more than three SD from the group mean. Sample sizes for all available measures are provided in Table 2. Small samples (e.g., scores on the IReST) are explained by the participants’ inability to read because they had not yet received any vision rehabilitation. Missing data play a potentially important role in the assessment of cognition in persons with sensory impairment (Abraham et al., 2023); however, we did not observe any noteworthy patterns in missing cognitive measures, given that they were all chosen to accommodate the presence of visual impairment.



TABLE 2 Comparison of measures to normative values.
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Descriptive analysis

All participants were residents of Québec, Canada. The DASS 21 mean score was in the normal range (depression: 0–9, anxiety: 0–7, stress: 0–14). However, 15.7% of our sample showed signs of moderate depression, 13.1% showed signs of moderate anxiety, and 5.3% showed signs of moderate stress, according to the DASS-21. Most (35/38, 92%) participants were already using visual aids before the onset of their visual rehabilitation. The number of participants using various assistive devices prior to their rehabilitation is presented in Table 3. The demographic information of the participants is listed in Table 1.



TABLE 3 Assistive devices usage.
[image: Table3]

The means and the standard deviations of all test scores can be found in Table 2. Regarding the MoCA—full version, 3 (7.9%) participants had a pass score of 26 or higher, whereas, for the MoCA—blind version, 13 (34.2%) participants passed with a score of 18 or higher. A chi-squared analysis was not possible since nobody passed the MoCA-B and also failed the complete MoCA.

The mean scores on the visual, hearing, and cognitive tests, as well as the results of the t-tests for the normative comparisons to existing standard values, are listed below in Table 2. If the normality assumption was not respected, a Wilcoxon signed-rank non-parametric test was performed.


Vision

As would be expected for participants awaiting low vison rehabilitation, our participants had significantly lower visual acuities and reading speeds than age-matched healthy older adults (see Table 2). For the MNRead, we used data from a study by Owsley et al. (1983) as normative values to compare our sample. As their data are separated according to decade, we took the mean of the 60s, 70s and 80s age groups as the normative value for our sample. For the IReST, we used data from Morrice et al. (2021) who produced norms for adults aged 60 years old and older. There are currently no average normative values for the Letter Mars Contrast Sensitivity. However, a breakdown of our sample in terms of contrast sensitivity impairment severity in Table 2 indicates that binocular contrast sensitivity was at least moderately impaired for all participants.



Cognition

As for the cognitive measures, the sample performed significantly worse in both the acquisition and delayed recall parts of the RAVLT (Gale et al., 2007), as well as in the first OTMT part A (Mrazik et al., 2010), and the MoCA-Blind (Melikyan et al., 2021) in comparison to the normative values. There was no significant difference between scores from our sample and the normative data for the RAVLT recognition and OTMT part B.





Correlation analyses

Correlations among cognition and demographic variables can be found in Table 4. Age was significantly negatively correlated with the full MoCA score (r = −0.365, p < 0.05), the RAVLT acquisition (r = −0.656, p < 0.001), the RAVLT delayed recall (r = −0.595, p < 0.001) and the RAVLT recognition (r = −0.461, p < 0.01). There was also a significant positive correlation between education and RAVLT – acquisition (r = 0.409, p < 0.05).



TABLE 4 Correlations among cognition and demographics measures.
[image: Table4]


Cognition and vision

Pearson’s and Spearmen’s correlation coefficients between cognition and vision measures can be found in Table 5. For the vision tests, we used the MNRead (both reading acuity and reading speed), the Mars Letter Contrast sensitivity (only for both eyes and the better eye), and the vision questionnaire (both questions). For cognition, we used the MoCA (blind version only to eliminate the effect of vision), the RAVLT (acquisition, delayed recall and recognition to better understand memory processes) and the OTMT (both parts).



TABLE 5 Pearsonès correlation coefficients among cognitive and vision variables.
[image: Table5]

As for the vision and cognition correlations, the MNRead—reading speed was significantly and positively correlated with the RAVLT—acquisition score, as well as significantly and negatively correlated with OTMT part A. The binocular contrast sensitivity was positively correlated with the RAVLT—acquisition and the RAVLT—recognition, as well as negatively correlated with the OTMT part B. Additionally, contrast sensitivity in the better eye was positively correlated with the RAVLT—recognition. Finally, the second question of the vision questionnaire [“Besides glasses or contact lenses, do you use any aids or specialized equipment for persons who are blind or visually impaired?”] was negatively correlated with the MoCA-Blind and the RAVLT—recognition.



Linear regressions

For every significant correlation mentioned in the previous section, a linear regression was conducted with age and education as covariates to assess if the association between these variables would remain significant. Age and education were selected because these two aspects are important to control variables in cognitive research (Rabbitt et al., 1995).



Cognition and vision

For the MNRead—reading speed correlations, none of them remained significant after controlling for age and education.

The positive correlation between the binocular contrast sensitivity and the RAVLT—recognition remained significant (p = 0.018) after controlling for age and education. The other contrast sensitivity correlations did not remain significant after controlling for age and education. This result indicates that better binocular sensitivity is associated with memory, even after controlling for age and education.

For the vision questionnaire correlation, the negative correlations between the second question, the MoCA-Blind remained significant after controlling for age and education (MoCA—blind: p = 0.033). This indicates that older adults that are already using visual aids before their rehabilitation have better overall cognition, even after controlling for age and education. The correlation between the vision questionnaire—question 2 and the RAVLT—recognition did not remain significant after controlling for age and education.




Discussion

The purpose of the present pilot study was to characterize the sensory and cognitive status of adults with AMD referred for visual rehabilitation. Our first objective was to assess the correlations between sensory and cognitive functions in our participants before controlling for variables known to be important in the context of cognition. The second objective was to examine which of these correlations would remain significant once established variables that influence cognition are statistically removed (i.e., age and education).

First, the association between contrast sensitivity and word recognition, as measured by the RAVLT, remained significant after controlling for age and education. This result was surprising given our limited sample size, given the reduction in statistical power by controlling for additional variables. This finding emphasizes the importance of contrast sensitivity as a variable in sensory-cognitive relationships in aging, which has previously been highlighted in the scientific literature. Globally, lower contrast sensitivity has been associated with a higher risk of mild cognitive impairment and dementia in older women, as assessed by an expanded neuropsychological tests battery and a panel of clinical experts (Ward et al., 2018). Contrast sensitivity has also been identified as a measure that is likely to detect early AD-associated changes in groups with subjective cognitive decline, amnestic mild cognitive impairment, and AD (Risacher et al., 2013). Moreover, impairments in contrast sensitivity as measured by the Pelli–Robson chart (similar in its structure to the MLCS used in the present study) are associated with a decline in global cognition as measured by the Modified Mini-Mental State Examination (Swenor et al., 2019).

Furthermore, episodic memory is an important cognitive function in sensory-cognitive aging, as it tends to decline both in normal and pathological aging. Our result is also particularly interesting in that sense, as word recognition processes are usually the ones that are the most preserved in normal aging (Perlmutter, 1979). Compared to free recall and cued recall, recognition facilitates information retrieving by presenting all the encoded information within distractors. Therefore, the recognition process helps differentiate between difficulties in encoding in comparison to difficulties retrieving information. Our results replicate studies that indicate that contrast sensitivity could be sensitive to subtle changes in cognition, specifically in the encoding process, in non-demented older adults (Risacher et al., 2013; Ward et al., 2018; Swenor et al., 2019).

One other correlation remained significant after controlling for age and education: the association between the use of visual aids and global cognition, as measured by the blind version of the MoCA. Even though our data were collected before the beginning of the low vision rehabilitation process, many participants were proactive in looking for devices that could facilitate reading and were already using various visual aids, the most popular being a magnifier. Therefore, this result may indicate that individuals already using visual aids, even before the beginning of the formal rehabilitation process, may have better global cognition, as measured by the MoCA (blind version). However, as our data are correlational, this could also mean that individuals with better baseline global cognition are more proactive, seeking out the use of visual aids even before the beginning of the formal rehabilitation process. This is also in line with the current literature, as a recent study demonstrated that the use of visual aids demonstrated a potential effect on slowing cognitive decline in a long-term care facility environment (Kwan et al., 2022).

Finally, our results corroborate findings in the scientific literature regarding the association between low vision and cognitive decline. We found that older adults with low vision have significantly poorer cognitive functions (e.g., episodic memory, processing speed, global cognition) compared to normative values. In line with previous research (Zhou et al., 2016; Zheng et al., 2018; Lee et al., 2020), these results indicate that the occurrence of vision loss in non-demented individuals is associated with poorer global cognition, memory, and executive functions.



Mechanisms

The present results are in concordance with some postulated mechanisms explaining the link between sensory and cognitive processes. Our results could be explained by the information degradation hypothesis, which states that neurobiological processes, such as vision loss, diminish the strength of the perceptual signal, which negatively affect the perceptual processing and, therefore, cognitive processing (Monge and Madden, 2016). As this hypothesis does not postulate an association over time, it is possible to examine it using cross-sectional data like ours. It appears in our sample that, as compared to normative data, our low vision participants have significantly lower scores in global cognition, memory (acquisition and delayed recall), and executive functions (processing speed). Moreover, our results show that only 7.9% of our sample passed the MoCA, and 34.2% passed the MoCA-Blind. These results indicate that roughly 66% of our sample could be at risk for cognitive impairment, whereas the estimated prevalence of cognitive impairment in the Canadian population is 25% in adults 85 years old and older (Canadian Institute for Health Information, 2021).

The sensory deprivation hypothesis states that a persistent absence of adequate sensory input creates neuronal atrophy and later results in cognitive decline (Clay et al., 2009). The cognitive compensation hypothesis states that cognitive functions could be used to compensate for the visual decline, therefore monopolizing the cognitive resources and causing cognitive decline (Roberts and Allen, 2016). However, both these hypotheses require prospective data. Thus, we cannot speculate using our cross-sectional results. Our data indicate that individuals that are already using visual assistive devices before their visual rehabilitation have significantly better global cognition scores (both versions of the MoCA) and better delayed recall than those who do not already use assistive devices. As of now, our results align with only one of these proposed mechanisms, as our participants may have self-protected their cognition by initiating the rehabilitation process. Eventual prospective data are needed to assess the effect of time and rehabilitation services on cognitive functions, as planned in our larger protocol (Wittich et al., 2021).


Vision and demographic variables

In line with previous studies (Dupuis et al., 2014; Zhou et al., 2016), our results indicated that, as age increases, global cognition and memory scores were lower. There was no significant correlation between the DASS 21 and the cognitive scores. Likely, our participants predominantly fall within the normal range of the depression, anxiety, and stress scores on the DASS 21. A recent study showed that 14% of Canadian older adults from the Canadian Longitudinal Study on Aging had symptoms of depression as measured by the Center for Epidemiological Studies Depression Scale Short Version 10 (Kuspinar et al., 2020). This is in line with our results, where 15.7% of our sample have moderate symptoms of depression. Moreover, it is noteworthy that the older portion of the Canadian population tends to present less depression, anxiety, and stress symptoms, and this is even true during the COVID-19 pandemic (Nwachukwu et al., 2020). It has been reported that older adults with depressive symptoms have lower cognitive scores than non-depressed older adults (Ganguli et al., 2006), which may explain the absence of the correlation between DASS 21 scores and any of the cognitive measure in our sample of older adults with a low proportion of depressive symptoms.

The present study is relevant to clinicians screening or assessing the cognitive status of older adults, such as neuropsychologists, because it highlights the importance of considering low vision when administering neuropsychological tests, especially to persons who have not (yet) received rehabilitation for their visual impairment. Therefore, visual ability should be screened when cognition is assessed to have an accurate assessment of cognitive functioning (Campos et al., 2019). Furthermore, the present results are important for eye care professionals that are interacting with individuals with low vision because the success of service delivery may partially depend on considering the cognitive status of the patient. Finally, the present results are interesting for researchers in the field of sensory-cognitive aging, as they highlight the importance of contrast sensitivity and the usage of visual aids for cognitive functions. Our results are in concordance with previous literature on the subject that states an association between vision, hearing and cognitive functions (Lindenberger and Baltes, 1994; Baltes and Lindenberger, 1997; Lindenberger et al., 2001; Lang et al., 2002).



Limitations and future directions

The main limitation of this pilot study is its sample size because recruitment was interrupted due to the COVID-19 pandemic. Given the large number of measures, there is a risk of alpha error cumulation that could possibly have been controlled by adjusting the significance level (e.g., Bonferroni correction); however, such a correction would have been too strict to make the results interpretable. The protocol has now been modified to accommodate pandemic safety measures, but it remains unclear how easily pre-pandemic findings can be compared to data collected at a later point in time. Either way, more participants will be needed to strengthen the interpretation of the results. Another limitation is that the sample size is too small to control for the hearing status of our participants, even though hearing impairment has been identified as the largest potentially modifiable risk factor for dementia (Livingston et al., 2020). Moreover, only individuals with AMD were recruited for this project. Therefore, the results cannot be generalized to older adults with other ocular pathologies, such as glaucoma, diabetic retinopathy, optic neuropathy or atrophy that have each been linked to changes in cognition (Harrabi et al., 2015; Carelli et al., 2017; Lee et al., 2020). Finally, some variability in the data may be introduced by the methodological choice to test participants in their homes. Even though recruitment was facilitated because participants with visual impairment did not need to travel to a testing site, the testing conditions were not homogenous.




Conclusion

The results of this pilot study clearly emphasize the importance of assessing the sensory abilities of older adults with low vision together with evaluating their cognitive abilities. Our participants with AMD demonstrated lower cognitive abilities than what would be expected from their sighted counterparts, even when choosing testing materials that did not rely on functional vision. A larger sample and prospective data are needed to assess the potential effect of low vision rehabilitation on cognition in older adults with AMD. The next step will be to implement the full protocol of this research project (Wittich et al., 2021), thereby expanding our understanding of sensory-cognitive aging and the role sensory rehabilitation can play in preserving cognitive function.
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RAVLT—Acq. 0018 ~0.081 ~0.656°* 0326 0120 0135 0246
RAVLT—Delayed ~0.053 ~0.042 ~0.595%++ 0249 ~0.030 -0.042 0073
RAVLT—Recogn, 0272 ~0.107 ~0.461%% 0273 0128 0.059 0.188
OTMT A 0228 0025 0394 0.057 0.164 0.180 0170
OTMT B 0220 ~0.182 0222 0.280 0.060 0.489% 0395

Pearson's correlations are used for continuous variables and Spearman correlations in cases where one variable is categorical; *p<0.05, **p <0.01, **p<0.001.
DASS: Depression Anxiety and Stress Scale; S Stress; A Anxietys D: Depression; MoCA: Montreal Cognitive Assessment; RAVLT: Rey Auditory Verbal Learning Test; Acq. aquisition;
Recogn.: recognition; OTMT: Oral Trail Making Test.
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65-75 8
76-85 9
86+ 20
M(SD) 833(5)
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Male 15(39.5)

Education (%)

Elementary school 9(23,7)
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University master/PhD 3(7.9)
Langage (%)

English 20(52,6)
French 18(47.4)
DASS (M(SD)

Depression 66(77)
Anxiety 51(4.9)
Stress 75(6.3)
Total 19.2(158)

DASS: depression, anxiety and stress scale. M: mean; SD: standard deviation.
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‘Owsley etal. (1983), *Morrice etal. (2021), Gale et al. (2007), *Mrazik et al. (2010), *Malek-Ahmadi et al. (2015), “Melikyan etal. (2021).
MNRead = Minnesota low vision reading test; ML.CS = Mars Letter Contrast Sensitivity Test; IReST = International Reading Speed Text; HHI
CDTT = Canadian Digit Triplet Test; SRT = Signal-to-Noise Ratio; MoCA

p Value Effect size
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