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Abstract

Adults with Down syndrome (DS) experience high risk for Alzheimer’s disease (AD), but 

there is variability in the timing of transition from a cognitively stable state to prodromal 

AD and dementia. The present study examined the association between a modifiable lifestyle 

factor, employment complexity, and cognitive decline across two time points in adults with DS. 

Employment complexity, defined as the degree of problem-solving or critical thinking required 

for employment activities, was operationalized using the Dictionary of Occupational Titles, 

a system which classifies occupations based on three categories: Data, People, and Things. 

Eighty-seven adults with DS (M = 36.28 years, SD = 6.90 years) were included in analyses. 

Partial correlations revealed that lower employment complexity involving People and Things 
were associated with increased dementia symptoms. Lower employment complexity involving 

Things was also associated with memory decline. These findings have implications for vocational 

programs focused on job training and placement for adults with DS.
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Identifying ways to promote healthy cognitive aging, defined as improving or maintaining 

cognitive functioning during adulthood, is of critical importance to people with Down 

syndrome (DS) and their families (e.g., Fick, 2021). DS is a neurodevelopmental condition 

that is caused by an extra copy of chromosome 21 (full, partial, or translocation) and occurs 

in 1 in 700 live births in the U.S. (Centers for Disease Control and Prevention, 2022). 

People with DS have a unique phenotype that includes an early onset and high risk for 

Alzheimer’s disease (AD) (Mann and Esiri, 1989; Wiseman et al., 2015). Beginning in their 

30s, people with DS evidence brain β-amyloid plaques (e.g., Lao et al., 2016; Keator et al., 

2020), an early hallmark feature of AD, and this is followed by pathological changes such 

as neurofibrillary tangles of tau, reduced hippocampal volume, and altered brain metabolism 

that are thought to cause AD (Fortea et al., 2021; Lott and Head, 2019). Despite a shared 

genetic risk for AD due to trisomy 21, there is variability in the timing of the transition from 

a cognitive stable state to prodromal AD and dementia among people with DS. Some people 

with DS evidence prodromal AD in their mid to late 40s, whereas others live into their 70s 

without evidencing dementia (Krinsky-McHale et al., 2008; Holland et al., 2000; Iulita et al., 

2022). In part, lifestyle factors may explain this variability (e.g., Mihaila et al., 2019; Yu et 

al., 2020). The present study sought to determine if employment complexity, a modifiable 

aspect of lifestyle was associated with AD-related cognitive decline across two time points 

(16–20 months apart) in adults with DS.

Employment complexity is the extent to which employment activities are cognitively 

challenging and require problem-solving, critical thinking, perspective taking, and sustained 

focus (e.g., Andel et al., 2005). The protective effect of employment complexity on aging- 

and AD-related cognitive decline is thought to relate to the theory of cognitive reserve 

(Stern, 2006), which posits that cognitive stimulation helps people tolerate aging- and 

AD-related brain pathology (e.g., decreases in hippocampal volume and altered brain 

metabolism) because they can draw from a broader range of preexisting cognitive strategies 

or use compensatory approaches to mitigate the adverse effects of this pathology for a longer 

period of time. Research on the theory of cognitive reserve has most commonly indexed how 

cognitively stimulating lifestyles are through employment complexity and/or education level 

(Boots et al., 2015; Schultz et al., 2015; Stern, 2012).

Across studies, engagement in highly complex employment is related to less decline in 

memory and processing speed (Smart et al., 2014) and reduced risk for AD (Andel et 

al., 2005; Krӧger et al., 2008) in middle-aged and older adults without DS. Moreover, 

among older adults without DS, many of whom were genetically at-risk for AD due 

to their APOE allele status, those with higher employment complexity maintained better 

cognitive functioning in the face of AD pathology (more cerebral hypometabolism and lower 

hippocampal volume and more whole-brain atrophy) than those with lower employment 

complexity (Boots et al., 2015; Garibotto et al., 2008; 2013). Among older adults 

newly diagnosed with AD and with comparable clinical presentation, those with higher 

education had higher brain Aβ in the lateral frontal cortex and lower glucose metabolic 

rate in the temporoparietal cortical regions compared to those with low education. This 

finding suggests that higher-educated older adults, which can be a proxy for employment 

complexity, remained in a preclinical stage (i.e., AD pathology but no cognitive decline) 

longer prior to diagnosis than lower-educated older adults (Kemppainen et al., 2008). Higher 
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(versus lower) education has also been associated with a slower rate of cognitive decline 

in the years prior to dementia onset in adults with autosomal dominant AD due to a single 

PSEN1 E280A mutation (e.g., Aguirre-Acevadu et al., 2016). Together these studies suggest 

that lifestyles involving more cognitive stimulation may preserve cognitive functioning with 

age and could mitigate the adverse effects of early AD pathology on cognition including in 

populations at genetic-risk for AD. Virtually nothing is known about whether employment 

complexity similarly confers beneficial effects on cognitive aging in DS.

Much of the research examining the potential benefit of employment complexity on 

cognitive aging or risk of AD in general population samples of middle-aged or older 

adults has used the Dictionary of Occupational Titles (DOT; United States Employment 

Service, 1991), which is a catalog of occupation ratings based on observations performed 

by job analysts. The DOT rates employment complexity in three domains: complexity with 

Data (i.e., synthesizing, coordinating, analyzing); complexity with People (i.e., mentoring, 

negotiating, instructing); complexity with Things (i.e., setting up, precision working, 

operating-controlling). Higher scores in complexity with Data and People are most strongly 

linked with high cognitive stimulation (and the idea of cognitive reserve) and have the 

strongest associations with reduced risk of aging-related cognitive decline and AD (Andel et 

al., 2005; Smart et al., 2014).

Historically, adults with DS had limited employment opportunities; sheltered workshops 

involving assembly or sorting work were often the only options (Browder and Cooper, 

1994; Pruchno and McMullen, 2004). More recently, employment for adults with disabilities 

has shifted away from sheltered workshops to community jobs, providing a pathway for 

more cognitively-complex work (Migliore et al., 2008). In a sample of 511 adults with 

DS, 57% reported having a paid job, and 26% worked as a volunteer, with the most 

common paid or volunteer positions involving food services, janitorial work, and office 

work (Kumin and Schoenbrodt, 2016). College programs have also been created for adults 

with intellectual and developmental disabilities including DS (Lee, Day, Carter, and Taylor, 

2021), which involve cognitive training to build capacity for complex employment positions. 

Opportunities within the community such as employment have been documented to have 

numerous benefits for people with intellectual disabilities including increased feelings of 

self-determination (Lindsay et al., 2018; Shogren et al., 2015; Vicente et al., 2020), better 

psychological well-being, and a higher self-reported quality of life (Lindsay et al., 2018). 

However, virtually nothing is known about whether employment complexity, including 

engagement in post-secondary education programs, protect against aging and AD-related 

cognitive decline in people with DS.

The goal of the present study was to determine if employment complexity is related to 

cognitive decline in people with DS. The study aims were to 1) describe the employment 

complexity of adults with DS and 2) determine whether employment complexity at cycle 

1 predicted change in memory and dementia symptoms across two time points spaced 

approximately 2 years apart (cycle 1 and 2). Analyses included 87 adults with DS aged 

25–57 years who did not evidence AD dementia. The DOT rating system was used to 

code employment complexity in terms of Data, People, and Things but was modified to 

fit employment relevant to adults with DS and to include engagement in postsecondary 
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education programs. Cognitive functioning was assessed using directly-administered 

measures of memory and dementia symptoms and a caregiver-reported measure of dementia 

symptoms. Higher employment complexity at cycle 1 was hypothesized to be associated 

with less decline in memory and less increase in dementia symptoms across cycle 1 to cycle 

2 in models that controlled for age and intellectual disability level.

Method

Participants

Analyses drew on a sample of 104 adults with DS recruited from two sites involved 

in the Alzheimer’s Biomarker Consortium in DS (ABC-DS). As part of ABC-DS study 

visits (Handen et al., 2020 describes full protocol), adults with DS were administered 

a neuropsychological battery and caregivers reported on the adult with DS’s dementia 

symptoms. Study inclusion criteria were: 1) age ≥ 25 years; 2) mental age ≥ 30 months; 3) 

no conditions that preclude brain imaging (e.g., pregnant or breastfeeding or metal in the 

body); 4) genetic confirmation of trisomy 21; and 5) no untreated medical or psychiatric 

conditions that alter cognitive functioning. Seven adults with DS had a clinical status of 

mild cognitive impairment or AD dementia and were not included in analyses, resulting in 

a sample of 97 adults with DS. Ten participants were not given an employment complexity 

code due to a lack of sufficient information on job responsibilities; therefore, employment 

complexity data was available for 87 participants. Clinical status was determined by a case 

consensus process involving at least 3 research staff (including a licensed psychologist 

and a physician) who reviewed information from directly-administered cognitive measures, 

caregiver-reported measures of functioning, behavior, and cognition, a physical exam, and 

medical and psychiatric history. All participants provided written informed consent.

Procedure

Study activities occurred in 2017 to 2019 and were part of a larger research protocol that 

has been previously described (Handen et al., 2020). As part of the larger research study, 

caregivers completed socio-demographic and employment information about the adult with 

DS at the first cycle of data collection. Updates on employment were provided at cycle 2. 

Adults with DS were administered a battery of cognitive measures and caregivers completed 

informant measures on dementia symptoms at both cycle 1 and 2. Cycle 2 of data collection 

occurred 16–20 months after cycle 1.

Measures

Socio-demographics.—Caregivers reported on the age, biological sex, and type of 

residence. Intellectual disability level was based on the Stanford-Binet, fifth edition 

abbreviated battery IQ score (Roid and Pomplun, 2012) and coded as 1 = mild (mental 

age ≥8 years), 2 = moderate (mental age of 5–7 years), 3 = severe (mental age ≤4 years). 

Blood karyotype testing was performed to assess type of DS (full trisomy, mosaic, or 

translocation).

Cognitive functioning.—There were three measures of cognitive functioning. The 

Modified Cued Recall Test (CRT) assesses episodic memory and is reliable and valid in 
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adults with DS (Zimmerli and Devenny, 1995). In the initial learning phase, participants 

learn 12 items (e.g., grapes) displayed in pictures and their category (e.g., fruit). Participants 

are asked to freely recall the objects. There are also cued trials, that prompt participants with 

category cues (e.g., what was the fruit) for objects not freely recalled. The CRT Total score 

is the sum of pictures recalled across three free and cued trials. The CRT Intrusion score is 

the number of inaccurately recalled pictures in the cued trials. Higher CRT Total scores and 

lower CRT Intrusion scores are representative of better memory performance.

The Down Syndrome Mental Status Examination (DSMSE; Haxby, 1989) is a directly-

administered measure of dementia symptoms that assesses: personal information, object 

memory, location memory, apraxia, language, visuospatial, and knowledge of the examiner. 

The Total score is calculated by adding the scores across the domains. This measure is 

deemed reliable and valid for measuring neuropsychological functioning in adults with DS 

(Haxby, 1989) and higher scores indicate better cognitive functioning.

The Dementia Questionnaire for People with Learning Disabilities (DLD; Evenhuis, 2018) 

was completed by the caregiver and assesses short- and long-term memory, temporal and 

spatial orientation, speech, practical skills, mood, interests, and behavioral disturbances. The 

sum of cognitive (memory and orientation) and the sum of social (speech, practical skills, 

mood, interest in activity, behavioral disturbance) scores were used in analyses. The DLD is 

a valid and reliable measure for use with the DS population (Elliott-King et al., 2016; Koehl 

et al., 2020). Lower scores on the DLD are indicative of fewer dementia symptoms.

Employment complexity.—Caregivers reported on the employment activities of the 

adult with DS. Some participants were employed in multiple jobs or participated in both 

employment and day programs and/or volunteer activities. Total number of hours spent in 

employment activities was used in these cases and the complexity rating was based on 

the activity with the highest level of complexity. A modified version of the rating system 

from the DOT was used to code participants’ employment complexity. The DOT uses a 

9-digit coding system to classify jobs (e.g., 920–687-014; grocery bagger). The first three 

digits represent an occupational group (e.g., professional, technical, clerical) and the last 

three digits differentiate particular occupations from all others. The fourth, fifth, and sixth 

digits represent the complexity scores. Complexity scores are divided into three categories: 

1) complexity of working with Data (4th digit); 2) complexity of working with People 
(5th digit); 3) complexity of working with Things (6th digit). In the original DOT, Data 
complexity is composed of a 7-point rating scale (0–6), People complexity is composed of 

a 9-point rating scale (0–8), and Things complexity is composed of an 8-point rating scale 

(0–7). Ratings for the DOT coding system are coded so that lower scores reflect higher 

occupational complexity, with (0,0,0) representing the highest possible complexity and 

(6,8,7) representing the lowest possible complexity of the scale. Modifications were made 

to the coding system to account for common activities for adults with DS that are similar to 

employment but are not captured in the DOT coding system. We modified the coding system 

in the following ways: 1) created an additional complexity code for sheltered workshop 

activities (7,9,8) that represented lower complexity than the least complex jobs (6,8,7); 2) in 

order to account for participants that stayed at home, created the code (8,10,9), representing 

lower complexity than both the least complex jobs as well as sheltered workshop activities; 
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3) college students were given the code (3,2,1) to represent a highly complex activity, similar 

to the highest level of complexity for employment positions in our sample.

Data analysis plan

Descriptive analyses were used to determine the mean, standard deviation, and range in 

demographic, cognitive, and employment variables. Histograms and scatterplots were used 

to examine variable spread. Change scores were calculated for the cognitive measures (CRT, 

DSMSE, and DLD) by subtracting the study cycle 2 score from the study cycle 1 score. For 

the CRT and DSMSE, a high positive change score indicates cognitive decline and a high 

negative number means scores improved from study cycle 1 to study cycle 2. The opposite 

is true for DLD scores, with high negative scores indicating cognitive decline. Scores near 

zero represent no change in scores at the two time points. Bivariate Pearson correlations 

were conducted to examine associations among socio-demographic variables, employment 

complexity, and cognitive change. Partial correlations were then completed to adjust for 

the effect of relevant socio-demographic variables (i.e., those significantly associated with 

employment complexity or cognitive change) when examining the association between 

employment complexity at study cycle 1 and the cognitive change scores.

Results

The 87 participants had a mean age of 36.28 years (SD = 6.90) at cycle 1. Approximately 

half were male (n = 44), and half were female (n = 43). Forty-six (53%) participants 

had a mild level of intellectual disability, 29 (33%) had a moderate level of intellectual 

disability, and 12 (14%) had a severe level of intellectual disability. Additional demographic 

information is in Table 1.

As shown in Table 1, Data complexity had an average score of 5.70 (SD = 1.25, range 

= 3–8), People complexity had a mean score of 7.25 (SD = 1.67, range = 2–10), and 

Things complexity had an average score of 6.31 (SD = 1.98, range = 1–9). A summary 

of employment complexity scores is also provided in Figure 1. Overall, 70% (n = 61) of 

participants were primarily employed (n = 59) or attending college (n = 2), 26% (n = 23) 

attended a sheltered workshop, 1% (n = 1) attended a day program, and 2% (n = 2) stayed 

at home. Forty-four participants (51%) spent greater than 20 hours/week participating in 

employment activities, whereas 29 (33%) spent 10–12 hours per week, and 11 (13%) spent 

less than 10 hours per week. Participants were employed in a variety of positions including 

janitor, cafeteria attendant, and grocery store attendant. Some participants (n =16) were 

involved in multiple jobs or activities (e.g., job and day program) (see Table 2). Nearly all 

(n = 84, 97%) participants participated in the same employment activities at cycle 2 as they 

had at cycle 1. Two (2%) participants changed employment activities but received the same 

People, Data, and Things complexity scores at cycle 2 as at cycle 1. One (1%) participant 

changed employment activities and received the same Data and Things complexity scores 

but their People complexity score went from a 9 to an 8.

The means, standard deviations, and range for cognitive variables at study cycles 1 and 2 

are reported in Table 3. Next, the relation among socio-demographic variables, employment 

complexity, and cognitive change were investigated using bivariate Pearson correlations. 

Piro-Gambetti et al. Page 6

J Intellect Disabil. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Premorbid intellectual disability level was positively associated with Data employment 

complexity (r =.243, p = .023) and People employment complexity (r = .229, p = .033), 

indicating that individuals with more severe intellectual disability were more likely to have 

less complex employment activity. Premorbid intellectual disability was also positively 

correlated with the CRT Total change score (r =.264, p = .016) and negatively correlated 

with the CRT Intrusions change score (r = −.218, p = .048). This means that participants 

with lower intellectual ability evidenced greater decline in CRT scores over time than those 

with higher intellectual ability. Chronological age was positively correlated with the CRT 

Total change score (r =.319, p = .003) and negatively correlated with CRT Intrusions change 

score (r = −.274, p = .012); thus, older participants evidenced greater memory decline 

than younger participants. Hours spent in employment activities per week were positively 

correlated with the CRT Total change score (r =.241, p = .033) and negatively correlated 

with the CRT Intrusions change score (r = −.236, p = .036), indicating that participants who 

engaged in more employment activities had greater memory decline than those who spent 

less time. Biological sex was not significantly correlated with the employment complexity 

scores or cognitive change scores. Given these associations, partial correlations controlled 

for premorbid intellectual impairment, chronological age, and hours spent in activities each 

week.

Table 4 provides the results for the partial correlations between employment complexity 

and change in cognitive functioning controlling for age, intellectual disability level, and 

hours spent per week in employment activities. Employment complexity involving People 
was negatively associated with the DLD Sum of Social change score (r = −.262, p = .032), 

indicating that those with lower employment complexity involving People were more likely 

to have greater declines in social skills over time. Employment complexity involving Things 
was significantly positively associated with the DSMSE change score (r = .263, p = .032) 

and the CRT Total change score (r = .280, p = .022), and negatively correlated with the DLD 

Sum of Social change score (r = −.242, p = .049). This means that individuals with greater 

employment complexity involving things were less likely to experience decline in DSMSE, 

CRT scores, and social skills over time. Employment complexity involving Data was not 

significantly correlated with any of the cognitive change scores.

Discussion

The present study investigated the employment complexity of adults with DS to determine 

whether lifestyles with high employment complexity were associated with better cognitive 

aging outcomes (i.e., less decline in memory and fewer new dementia symptoms across 

two time points). In recent decades, shifts in educational and vocational rehabilitation 

programs and societal attitudes have provided adults with intellectual and developmental 

disabilities, including DS, opportunities to engage in a variety of employment positions 

as well as post-secondary education programs (Kumin and Schoenbrodt, 2016; Lee et al., 

2021; Migliore et al., 2008). The lives of many adults with DS may include a high level 

of cognitive stimulation through these activities. Employment complexity is a modifiable 

aspect of lifestyle that has been shown to alter the risk of AD and influence the timing of 

aging-related cognitive decline in other populations (Andel et al., 2005; Krӧger et al., 2008; 

Piro-Gambetti et al. Page 7

J Intellect Disabil. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Smart et al., 2014). Employment complexity may provide a target for policy and intervention 

aimed at prolonging healthy cognitive functioning in DS.

In the present study, participation in employment activities as broadly construed was 

high for the adults with DS. The majority (70%) of adults with DS were employed 

or enrolled in college (2% college, 68% for competitive employment, 26% sheltered 

workshop) and about half (51%) spent greater than 20 hours a week in employment 

activities. These findings corroborate those of Migliore and colleagues (2008) and Kumin 

and Schoenbrodt (2016), highlighting that employment is now a central part of adult life 

for people with DS. However, the high employment rate of our sample is likely, in part, 

driven by sampling methods; adults with DS who are employed may be more likely to 

participant in research studies and the study inclusion criteria included a mental age of 

≥ 30 months. Employment activities ranged from sorting to grading papers and assisting 

in classrooms. The most common employment-related activities were janitorial work and 

sheltered workshop employment activities such as assembly work.

The employment activities of the adults with DS in the present study had varying levels of 

complexity across the three employment complexity categories: Data, People, and Things. 
The most complex jobs reported in the current study were Teacher’s Assistant and College 

Student, whereas the least complex jobs were Assembler, Kitchen Assistant and those who 

participated in sheltered workshops/day programs. Certain jobs also had low complexity 

codes in one category and high complexity in another. For example, some of the positions 

within the category of clerical assistant had low complexity in terms of People but high 

complexity related to Things.

Employment complexity, in terms of Data and People, differed by level of intellectual 

disability such that adults with DS with higher intellectual functioning levels (e.g., mild or 

upper range of moderate intellectual disability) had greater employment complexity than 

adults with DS with lower intellectual functioning levels (e.g., lower range of moderate to 

severe intellectual disability). This could represent appropriate placement of adults with DS 

to work environments that match their overall cognitive abilities. It is also possible that 

adults with DS with lower intellectual levels have fewer opportunities to engage in complex 

employment activities, even if accommodations could be made to allow participation. 

Surprisingly, a higher total number of hours spent in employment activities per week 

was connected to greater decline in memory performance. However, this finding could 

be driven by the tendency for sheltered workshop positions to be intertwined with adult 

day programming in terms of hours; thus, adults with DS who spent the most time in 

work-related activities tended to be in employment positions that were less complex (e.g., 

sheltered workshops). Older adults with DS also experienced greater cognitive decline than 

younger participants, which is expected due to age-related risks for memory decline in adults 

with DS (Cole et al., 2017; Hartley et al., 2020; Hithersay et al., 2017). Biological sex was 

not related to employment complexity or cognitive decline in the study sample, indicating 

that opportunities related to the complexity of employment were comparable for males and 

females in the current study.
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After controlling for chronological age, intellectual disability level, and hours spent in 

employment activities, adults with DS who were involved in more complex employment in 

terms of People and Things evidenced less cognitive decline across 16–20 months than did 

adults with DS involved in no employment activities or less complex activities. This was 

true on both caregiver-reported measures and directly-administered measures of cognition. 

Specifically, adults with DS involved in more complex employment related to People had 

fewer increases in dementia-related social behaviors (DLD Sum of Social change score) 

such as social withdrawal. This finding builds on prior evidence that social inclusion and 

navigating frequent and diverse interpersonal interactions may have important benefits for 

adults with disabilities (e.g., Clifford et al., 2015), and potentially include promoting healthy 

aging in DS. Adults with DS involved in more complex employment related to Things 
had fewer increases in dementia-related cognitive problems (DSMSE change score) such as 

difficulties tracking verbal instructions, and social behaviors (DLD Sum of Social change 

score), and less decline in memory ability (CRT Total change score) over time. Thus, these 

findings suggest that employment activities that involve assembling, moving, cleaning, and 

organizing objects may help maintain memory abilities across time in adults with DS.

In contrast, employment complexity related to Data did not predict cognitive decline in 

adults with DS. This category of employment complexity had a smaller range (3–8) than 

did the People and Things categories, which may reflect that employment activities of 

adults with DS do not involve high amounts of synthesizing, coordinating, or analyzing of 

information. Although the associations in this study were modest, the significant correlations 

are in line with the theory of cognitive reserve (Stern, 2006), relating cognitive stimulation 

to reduced or delayed cognitive decline. The current study also corroborates previous 

findings linking greater employment complexity with healthy aging outside of DS (Krӧger et 

al., 2008; Smart et al., 2014). Employment complexity is likely one aspect of lifestyle that 

provides cognitive stimulation in adulthood for people with DS.

Strengths, Limitations and future directions

One strength of the current study was the inclusion of a longitudinal design, which allowed 

for cognitive decline to be measured across two time points. The implementation of the 

modified DOT coding scheme also had strengths. The DOT coding system has been utilized 

to categorize employment complexity since its original publication in 1977 (United States 

Employment Service, 1977), and has been used in previous research (e.g., Andel et al., 

2005; Boots et al., 2015; Smart et al., 2014). The modifications to the DOT coding system 

implemented in the present study were aimed at better aligning the coding system with the 

employment activities of people with DS. This modified approach considered both paid and 

unpaid (e.g., volunteer) activities as well as post-secondary education. Incorporating unpaid 

positions allowed for more adults with DS to be assigned a complexity code for activities 

that are comparable to paid employment. One limitation of this coding system is that it does 

not account for support provided by a job coach or support staff, which could reduce the 

level of required complexity.

In the current sample, most adults with DS reported the same employment activities across 

the 16–20 months. However, the study did not collect information on when participants 
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began the employment activities (i.e., length of employment). Benefits of highly complex 

employment for cognitive aging may require long-term engagement. The current study 

assessed cognitive decline over a short period of time (16–20 months). Longer-term 

longitudinal studies would be better suited to capture early cognitive declines and dementia 

symptoms associated with AD pathology, as such changes are not expected to be marked 

until the late 30s and beyond (e.g., Hartley et al., 2020; Videla et al., 2022).

Conclusions

People with DS are at high risk for AD dementia due to trisomy 21 (Fortea et al., 2021; 

Lott and Head, 2019; Wiseman et al., 2015), however, there is variability in the age of 

onset of cognitive decline and AD dementia (Krinsky-McHale et al., 2008; Holland et al., 

2000; Iulita et al., 2022). Employment complexity is a modifiable lifestyle factor that could 

potentially be used to mitigate cognitive decline in adults with DS. The present study was, 

to our knowledge, the first examination of employment complexity in adults with DS and its 

link to AD-related cognitive change. Findings suggest that higher employment complexity 

may serve as a protective factor that could delay AD-related cognitive decline and dementia 

symptoms. These findings highlight that despite having a genetic risk for AD, there may be 

ways to modify lifestyles to promote healthy cognitive aging for longer in people with DS. 

These findings have implications for social policy and vocational rehabilitation programs 

aimed at job training and placement. Efforts to prepare, train, and place adults with DS into 

employment positions (paid or unpaid) that involve more complex work with others and 

objects in particular may be key to supporting successful cognitive aging in DS.
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Figure 1. 
Distribution of employment complexity scores in Data (1a), People (1b), and Things (1c). 

Lower score indicates higher complexity.
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Table 1.

Sample socio-demographics (n = 87).

Cycle 1 age in years, M(SD) 36.28 (6.90)

Cycle 2 age in years, M(SD) 38.09 (7.29)

Female, n (%) 43 (49%)

Residence, n (%)

 Family or caregiver 52 (60%)

 Independent 16 (18%)

 Group home 5 (6%)

 N/A 14 (16%)

Intellectual disability level, n (%)

 Mild 46 (53%)

 Moderate 29 (33%)

 Severe 12 (14%)

Karyotype, n (%)

 Full trisomy 76 (87%)

 Mosaicism 1 (1%)

 Translocation 9 (10%)

 N/A 1 (1%)

Employment Activity, n (%)

 Employed/Student 59 (68%)

 Student 2 (2%)

 Sheltered workshop 23 (26%)

 Day program 1 (1%)

 Stay at home 2 (2%)

Employment Complexity, M(SD)

 Data 5.70 (1.25)

 People 7.25 (1.67)

 Things 6.31 (1.98)
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Table 2.

Examples of job titles, responsibilities, and complexity codes.

Complexity

Job Title Responsibilities Data People Things

Assembler (n = 2) Assembly line job 6 8 7

Bakery Helper (n = 1) Helps bake; lift and carry things 6 8 6

Bracelet Maker (n =1) Makes bracelets 6 8 1

Cafeteria Attendant or coffee shop assistant [n = 8]) Cleans tables; organizes, washes dishes 6 7 7

Clerical Assistant (n = 4) Filing; office Work 5 6 2

College Student (n = 2) Attends college 3 2 1

Day Program (n = 6) Assembly; sorting; shredding 7 9 8

Dishwasher (n = 5) Washes Dishes 6 8 7

Dry Cleaning Attendant (n = 1) Gets stains out of clothes 6 7 7

Fast Food Worker (n = 4) Cleans, stocks, clears dishes 4 7 2

Garment Sorter (n = 1) Sorts merchandise; hangs clothes 6 8 7

Hand Packager (n = 5) Folds and packages items 5 8 7

Information Clerk (n = 2) Office clerical work; self-advocate; 3 6 7

Janitor (n =15) Cleaning; minor maintenance 6 6 4

Kitchen Helper (Hotel/Restaurant) (n = 3)
prep; lifting and carrying; cleaning and rearranging; wash 
dishes 6 8 7

Library Aid (n = 2) Puts book away; inventory; organize books; help children 3 6 7

Mailroom Clerk (n = 1) Sorts and delivers mail; makes up gift packages 6 8 7

Nursery School Attendant (n = 2) Monitors and plays with children 6 7 7

Office Helper (n = 5) Shreds; sorts; creates labels; filing; order supplies 5 6 7

Scanner/Bagger, grocery store (n = 5) Scans items; puts items into bags 4 6 2

Sheltered Workshop (n = 27) Sorting; assembly; shredding; cleaning; packaging 7 9 8

Stays at Home (n = 2) 8 10 9

Stock Clerk (n = 1) Stock and Shelve Items 3 6 7

Teacher’s Assistant (n = 3)
Grades; reads to children; organizes; recess monitor; 
copying; shredding 3 2 7

Walmart Associate (n = 1) Greets; assists customers 3 6 7

Warehouse Worker (n = 1) Sorting; organizing 6 8 7

Note: The total n for this table is 110 as some participants (n = 16) listed more than one job/activity.
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Table 3.

Means, standard deviations, and range for cycles 1 & 2 of cognitive functioning measures.

M(SD) Cycle 1 Range Cycle 1 M(SD) Cycle 2 Range Cycle 2 t df p

CRT Total 33.61 (3.37) 19–36 29.77 (6.62) 7–36 5.806 73 <.001

CRT Intrusions 1.94 (2.40) 0–12 5.05 (5.60) 0–27 −5.514 73 <.001

DSMSE 66.11 (11.16) 33.5–83 65.30 (11.63) 35.5–82 .201 73 .842

DLD Sum of Social 3.22 (3.44) 0–15 3.78 (4.02) 0–20 −.413 72 .681

DLD Sum of Cognitive 2.94 (4.94) 0–26 3.11 (5.27) 0–24 .576 72 .566

Note. CRT = Modified Cued Recall Test; DSMSE = Down Syndrome Mental Status. Examination Total score; DLD = Dementia Questionnaire for 
People with Learning. Disabilities; t = t-value for paired sample t-test; df = degrees of freedom.
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Table 4.

Partial correlations between employment complexity and change in cognitive functioning.

Change in Memory Change in Dementia Symptoms

CRT Total CRT Intrusions DSMSE DLD Sum of Social DLD Sum of Cognitive

Data Complexity r=−.007
p=.953

r=−.026
p=.836

r=.080
p=.518

r=−.100
p=.419

r=−.117 p=.345

People Complexity r=.023
p=.853

r=−.075
p=.545

r=.237
p=.053

r=−.262
p=.032

r=−.228 p=.064

Things Complexity r=.280
p=.022

r=−.214
p=.082

r=.263
p=.032

r=−.242
p=.049

r=−.137 p=.271

Note. Partial correlations control for age, level of intellectual disability, and hours spent in employment per week. DSMSE = Down Syndrome 
Mental Status Examination Total score; DLD = Dementia Questionnaire for People with Learning Disabilities; CRT = Modified Cued Recall Test.
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