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ABSTRACT 

Adults with intellectual disabilities (ID) have increasing life expectancy, but a large-scale 

analysis of the presence of aging-related conditions in adults with ID is absent in the literature. 

The purpose of this study was to examine the associations between the presence of low muscle 

strength, high body mass index (BMI), and low bone mineral density (BMD) with age and sex in 

adult Special Olympics (SO) athletes from the United States (U.S.). Data were collected during 

2018-2019 from U.S. male and female SO athletes, ≥20 years old, with diagnosed ID (N = 

14,137; 42.4% female). Grip strength (n = 6,477; 40.9% female), chair stand time (n = 6,444; 

40.5% female), BMI (n = 7,824; 43.7% female), and BMD (n = 3,091; 43.2% female) 

measurements were provided from the Special Olympics International Healthy Athletes System. 

Binary logistic regression analyses were performed to examine associations between age (banded 

by decades) and sex (male and female) with low grip strength, high chair stand time, high BMI, 

or low BMD based on established cut-points for sarcopenia, obesity, and osteopenia. Low grip 

strength, high chair stand time, high BMI, and low BMD were identified in 43.8%, 46.2%, 

50.3%, and 28.7% of each sample, respectively. The coexistence of all four conditions was 

observed in 3.5% (n = 737) of athletes. Males were significantly more likely than females to 

exhibit low grip strength (OR = 1.88, 95% CI = 1.70 – 2.08; p < .001) and low BMD (OR = 1.27, 

95% CI = 1.08 – 1.49; p = .004) and significantly less likely to have high chair stand time (OR = 

0.88, 95% CI = 0.80 – 0.97; p = .013) and high BMI (OR = 0.56, 95% CI = 0.51 – 0.61; p < 

.001). Athletes who reported participation in ≥150 minutes of physical activity per week were 

less likely to have high BMI (OR = 0.78, 95% CI = 0.70 – 0.87; p < .001), while athletes who 

acquired 5-6 (OR = 1.49, 95% CI = 1.15 – 1.93; p = .013) or ≥6 hours (OR = 1.66, 95% CI = 

1.25 – 2.21; p < .001) of screen time per day were at higher risk for high BMI. Odds ratios for all 
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four outcomes increased with age, suggesting greater risk. Concerningly high prevalence of low 

grip strength, high chair stand time, high BMI, and low BMD was observed among the sample, 

indicating disparities in muscle, fat, and bone health. The presence of low muscle strength, high 

BMI, and/or low BMD can result in increased risk of falls and decreased mobility, independence, 

and quality of life for affected individuals, particularly with age. Early intervention toward 

modifiable risk factors for these conditions may be warranted in the adult SO population. 
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CHAPTER 1.    INTRODUCTION 

Adults with intellectual disabilities (ID) have longer life expectancy compared to 

previous decades, increasing risk for the presence of aging-related conditions and chronic disease 

(Coppus, 2013). Adults with ID consistently exhibit high rates of obesity (Ranjan et al., 2018; 

Rimmer & Yamaki, 2006) and osteopenia (Petrone, 2012; Srikanth et al., 2011). Evidence for the 

presence of sarcopenia in adults with ID is emerging (Bastiaanse et al., 2012; Carmeli et al., 

2012; Coelho-Junior et al., 2019), raising concern for decreased ability to carry out activities of 

daily living and thus hindering quality of life and independence (Santarossa et al., 2017).  

Adults with ID exhibit high rates of chronic disease morbidity (Coppus, 2013; Hermans 

& Evenhuis, 2014), of which high prevalence of obesity and osteopenia have been consistently 

observed (Hsieh et al., 2014; Srikanth et al., 2011). Less is known, however, about the presence 

of sarcopenia in this population. Sarcopenia is the age-related loss of muscle strength and mass 

and contributes to lower quality of life and increased healthcare costs in the general population 

(Cruz-Jentoft et al., 2019). Preliminary evidence has revealed the presence of sarcopenia in older 

adults with ID, with considerably low muscle strength in adults with ID observed as early as the 

fourth decade of life (Bastiaanse et al., 2012; Carmeli et al., 2012; Coelho-Junior et al., 2019). 

Physical inactivity is considered a secondary risk factor for sarcopenia (Cruz-Jentoft et al., 2019) 

and physical inactivity has been observed at concerningly high rates in the ID population (Dairo 

et al., 2016; Hilgenkamp, Reis, et al., 2012). However, the relationship between physical activity 

and sarcopenia in adults with ID has been inconsistent, potentially due to lack of participant 

cooperation (Bastiaanse et al., 2012) and ill-defined methods of assessment (Carmeli et al., 

2012). Additionally, studies have been limited by sample size of less than 252 adults (Bastiaanse 

et al., 2012; Carmeli et al., 2012; Coelho-Junior et al., 2019). 
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Special Olympics International provides a competitive athletic environment for 

individuals with ID and collects health indicator data from thousands of athletes around the globe 

(Special Olympics International, 2018). Low grip strength, one indicator of sarcopenia, has been 

reported in both male and female Special Olympics (SO) athletes (Cuesta-Vargas & 

Hilgenkamp, 2015; O'Connell et al., 2006; Santarossa et al., 2017), with grip strength levels 

comparable to cut-offs for low muscle strength in older adults in the general population (Cuesta-

Vargas & Hilgenkamp, 2015). High rates of obesity (Foley et al., 2013; Foley et al., 2017; 

Rintala et al., 2017; Temple et al., 2014) and osteopenia (Special Olympics International, 2018, 

2019) have also been reported in SO athletes. However, a large-scale analysis of indicators of 

sarcopenia in SO athletes is absent from the literature. Further, the coexistence of parameters for 

sarcopenia, obesity, and osteopenia in adults with ID has not been examined. Therefore, the 

purpose of this study was to examine the relationships between age and sex on sarcopenia-related 

measures (i.e., upper-and lower-body muscular strength), obesity, and osteopenia in SO athletes 

≥20 years-old with ID. An exploratory analysis was also conducted to examine the relationships 

between the presence of upper- and lower-body muscular strength, obesity, and osteopenia with 

physical activity, screen time, vitamin D supplementation, and intake of high-calcium foods. 

Specific Aims 

Aim 1: To examine the relationship between age and the presence of low upper-body 

muscle strength, low lower-body muscle strength, high body mass index (BMI), low bone 

mineral density (BMD), and the coexistence of the four conditions. 

Hypothesis 1: The presence of one or more of these conditions (i.e., low upper-

/lower-body muscle strength, high BMI, and/or low BMD) will increase with age. 
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Aim 2: To determine the difference between sex and the presence of low upper-body 

muscle strength, low lower-body muscle strength, high BMI, low BMD, and the coexistence of 

the four conditions. 

Hypothesis 2a: Women will exhibit a higher rate of low upper-/lower-body muscular 

strength than men. 

Hypothesis 2b: Women will exhibit a higher rate of high BMI than men. 

Hypothesis 2c: Women will exhibit a higher rate of low BMD than men. 

Hypothesis 2d: Women will exhibit a higher rate of the coexistence of the four 

conditions than men. 

Aim 3: To examine associations between self-reported physical activity, screen time, 

vitamin D supplementation, and intake of high-calcium foods and measures of upper-/lower-

body muscle strength, BMI, BMD, and the coexistence of the four conditions. 

Hypothesis 3a: Self-reported physical activity will have a direct relationship with 

measures of upper-/lower-body muscle strength (i.e., grip strength and chair stand) 

and BMD (i.e., T-score), with low physical activity (i.e., less than 150 minutes/week) 

associated with low muscle strength and low BMD. 

Hypothesis 3b: Self-reported physical activity will exhibit an inverse relationship 

with BMI, with low physical activity associated with high BMI.  

Hypothesis 3c: Self-reported levels of screen time will exhibit an inverse relationship 

with measures of upper-/lower-body muscle strength and BMD, with high levels of 

screen time associated with low upper-/lower-body muscular strength and low BMD. 
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Hypothesis 3d: Self-reported levels of screen time will exhibit a direct relationship 

with BMI and the coexistence of the four conditions, with high levels of screen time 

associated with high BMI and the coexistence of all four conditions. 

Hypothesis 3e: Self-reported supplementation of vitamin D will exhibit a direct 

relationship with measures of upper-/lower-body muscle strength and BMD, with no 

vitamin D supplementation associated with increased rates of low upper-/lower-body 

muscle strength and high rates of low BMD. 

Hypothesis 3f: Self-reported supplementation of vitamin D will exhibit an inverse 

relationship with the coexistence of all four conditions, with intake of vitamin D 

supplements associated with low rates of the coexistence of all four conditions. 

Hypothesis 3g: Self-reported supplementation of vitamin D will not exhibit a 

relationship with BMI. 

Hypothesis 3h: Self-reported intake of high-calcium foods will exhibit a direct 

relationship with BMD, with lower intake of high-calcium foods associated with 

higher rates of low BMD. 

Hypothesis 3i: Self-reported intake of high-calcium foods will not exhibit a 

relationship with upper-/lower-body muscle strength, BMI, or the coexistence of all 

four conditions. 

Evidence of the onset of sarcopenia, coupled with high rates of obesity and osteopenia, 

warrant further investigation into the relationships between these chronic conditions in the aging 

population with ID. Expected outcomes include low muscle strength and high rates of obesity 

and osteopenia, particularly with increasing age. These results should inform targeted 

intervention of modifiable risk factors beginning in young adulthood. 
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CHAPTER 2.    REVIEW OF LITERATURE 

Introduction 

Life expectancy is increasing in individuals with intellectual disabilities (ID), raising 

concern for the onset of aging-related health conditions (Coppus, 2013). Indeed, adults with ID 

appear to exhibit the presence of multimorbidity at higher rates (Hermans & Evenhuis, 2014) and 

frailty at an earlier age than the general population (Evenhuis et al., 2012). Aging adults with ID 

tend toward high amounts of sedentary time (Coppus, 2013; Graham & Reid, 2000; Oviedo et 

al., 2017) and exhibit higher rates of obesity and osteopenia than the general population (Petrone, 

2012; Ranjan et al., 2018). Furthermore, preliminary evidence suggests the presence of 

sarcopenia in adults with ID (Bastiaanse et al., 2012; Carmeli et al., 2012; Coelho-Junior et al., 

2019), which may contribute to reduced quality of life and loss of independence with aging 

(Cruz-Jentoft et al., 2019; Oppewal et al., 2014). 

Sarcopenia 

Sarcopenia is a progressive, age-related muscle disease characterized by the loss of 

muscle strength and mass and is associated with increased risk of falls, fractures, physical 

disability, and mortality in the general population (Cruz-Jentoft et al., 2019). While a decline of 

up to 40% of muscle mass can be expected with aging (Beaudart et al., 2017; Ilich et al., 2014), 

the diagnosis of sarcopenia requires the detection of both low muscle strength and mass, and in 

severe cases, low physical performance beyond a defined threshold (Cruz-Jentoft et al., 2019). 

Aging has been identified as the primary cause for the loss of muscle strength and mass; 

however, physical inactivity, poor nutrition, and inflammatory diseases can contribute to the 

onset of sarcopenia (Cruz-Jentoft et al., 2019; Sayer et al., 2013; Steffl et al., 2017; Tournadre et 

al., 2019).  
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The European Working Group on Sarcopenia in Older People (EWGSOP) defines 

sarcopenia as the loss of muscular strength and mass, which is considered severe if an individual 

also exhibits low physical performance (Cruz-Jentoft et al., 2019). The presence of sarcopenia in 

the adult population with ID is emerging in the literature. Bastiaanse et al. (2012) reported a 

sarcopenia prevalence rate of 14.3% in a large sample of adults with ID over 50 years of age. 

Moreover, of the segment of 50- to 64-year-old adults with ID, 12.7% were considered 

sarcopenic. Nearly one-half of the total sample exhibited low muscle strength, which is 

considered the primary measure of sarcopenia according to the most recent EWGSOP guidelines 

(Cruz-Jentoft et al., 2019).  

Sarcopenia has also been identified as a risk factor for frailty, defined as having at least 

three of the following criteria: poor grip strength, weight loss, slow walking speed, low physical 

activity, and poor endurance (Evenhuis et al., 2012). Frailty, with characteristics that overlap 

with the definition of sarcopenia (Cruz-Jentoft et al., 2017), was present in nearly one-third of a 

sample of sarcopenic older adults with ID (Bastiaanse et al., 2012) and appears to occur at an 

earlier age in adults with ID compared to the general population (Evenhuis et al., 2012; 

Schoufour et al., 2014). 

In a much smaller study, a sample of older adults with ID displayed lower handgrip 

strength, quadriceps strength, and muscle quality compared to adults without ID, although the 

authors did not compare these measures to any standard sarcopenia diagnostic cut-offs (Carmeli 

et al., 2012). Coelho-Junior et al. (2019) assessed the prevalence of sarcopenia-related measures 

in 105 young adults with Down syndrome. Mean handgrip strength (men and women) and gait 

speed measures (women only) were considerably lower than general older population cut-off 
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values for sarcopenia, which is a particularly concerning observation, as these participants were 

young in age (38.4±12.1 years). 

Sarcopenia and Physical Activity 

Adults with ID tend toward sedentary habits and participate in less physical activity than 

the general adult population (Oviedo et al., 2017). Both younger and older adults with ID have 

exhibited physical activity levels lower than recommended guidelines (Dairo et al., 2016; 

Hilgenkamp, Reis, et al., 2012; Hsieh et al., 2017; Peterson et al., 2008), with physical activity 

levels decreasing further with age (Dairo et al., 2016; Hilgenkamp, Reis, et al., 2012). 

Furthermore, older adults with ID have exhibited low levels of physical fitness, including lower 

walking speed, grip strength, muscular endurance, and cardiorespiratory endurance compared to 

reference values of the general population (Hilgenkamp, van Wijck, et al., 2012b). Compounded 

with aging, a physically inactive lifestyle can accelerate the muscle atrophy process and hinder 

activities of daily living, potentially increasing the risk for sarcopenia (Hilgenkamp, Reis, et al., 

2012).  

Bastiaanse et al. (2012) observed no correlation between sarcopenia and pedometer-

assessed physical activity in adults with ID (n=252). These results contradict trends that have 

been observed in older adults in the general population, as low physical activity levels have been 

associated with sarcopenia (Rong et al., 2018; Steffl et al., 2017; Tyrovolas et al., 2016). On the 

other hand, walking with a walking aid and wheelchair dependency were positively associated 

with sarcopenia, suggesting the contribution of mobility impairment to sarcopenia (Bastiaanse et 

al., 2012). Motor disability has also been associated with frailty in a large sample of older adults 

with ID; individuals who walked with a walking aid or used a wheelchair were 9.8 times more 

likely to have frailty (Evenhuis et al., 2012). However, minimal information about the 



8 

 

relationship between sarcopenia and objectively measured physical activity in adults with ID 

exists in the literature (Bastiaanse et al., 2012). 

Sarcopenia and Diet 

Adults in the general population exhibit an estimated 25% reduction in food intake 

between 40-70 years of age for reasons including changes in appetite, difficulty chewing and 

swallowing, psychological limitations, and lack of financial resources, among other limitations; 

thus, older adults are at higher risk of malnutrition (Abiri & Vafa, 2019; Robinson et al., 2018). 

Protein, which has an established role in protecting lean mass and muscle protein synthesis, is 

often consumed less along with the reduction in food intake (Cruz-Jentoft et al., 2017; Morley et 

al., 2010; Robinson et al., 2018). Additionally, negative energy balance stimulates catabolism in 

the muscle, contributing to decreased muscle protein synthesis and loss of muscle mass and 

strength (Cruz-Jentoft et al., 2017; Laviano et al., 2014; Morley et al., 2010). An association 

between protein intake and muscle mass preservation has been observed in older adults 

(Robinson et al., 2018), and some evidence suggests improved muscle strength following short-

term protein supplementation in sarcopenic older adults (Yoshimura et al., 2017). 

Little is known about the relationship between sarcopenia-related parameters and dietary 

intake or nutrient status in adults with ID. Bastiaanse et al. (2012) observed no significant 

associations between the presence of sarcopenia and energy and protein intake, assessed via 

caregiver-recorded food diaries (n=252), in a sample of older adults with ID. The results of this 

study may have been limited by the reliance upon caregivers for gathering food intake data 

(Ptomey & Wittenbrook, 2015), as well as the brief time frame in which food intake was 

recorded.  

The relationship between serum vitamin D levels and sarcopenia has also been explored 

in adults with ID, although Bastiaanse et al. (2012) found no significant association in older 
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adults with ID (n=586). On the other hand, Coelho-Junior et al. (2019) observed a significant 

correlation between muscle mass and serum vitamin D levels in adults with Down syndrome 

with a low skeletal muscle index, suggesting that low serum vitamin D levels may contribute to 

decreased muscle mass. The cut-off for low skeletal muscle index, however, was selected based 

on median values of the total sample (n=105) rather than any cut-offs for sarcopenia. Although 

less is understood about the function of vitamin D on muscle health (Schneider & Trence, 2019), 

older adults in the general population with low vitamin D status have exhibited lower muscle 

strength and function (Morley et al., 2010; Robinson et al., 2018). 

Obesity 

The World Health Organization defines obesity as a disease characterized by excess fat 

accumulation, diagnosed when an adult exhibits a body mass index (BMI) of  ≥30 kg/m2 (World 

Health Organization, 1995). Individuals with ID exhibit higher rates of overweight and obesity 

than the general population from adolescence to older age (de Winter et al., 2012b; Hsieh et al., 

2014; Ranjan et al., 2018; Rimmer & Yamaki, 2006), placing them at risk for chronic diseases 

including hypertension, chronic kidney disease, diabetes mellitus, and cardiovascular disease (de 

Winter et al., 2012a; de Winter et al., 2016; Humphries et al., 2009; Ptomey & Wittenbrook, 

2015). In the ID population, being female appears to be one of the most prominent risk factors 

for obesity; females with ID exhibit higher rates of obesity than males with ID and females in the 

general population (Hsieh et al., 2014; Ranjan et al., 2018; Rimmer & Yamaki, 2006). Other 

factors that have been associated with obesity in adults with ID include increasing age, 

medication use (i.e., anticonvulsants, antidepressants, and diabetes medications), level of ID, 

having Down syndrome, drinking greater amounts of soda, and physical inactivity (Bhaumik et 

al., 2008; Hsieh et al., 2014; Ranjan et al., 2018).   



10 

 

Obesity and Physical Activity 

Adults with ID have consistently exhibited levels of physical activity below 

recommended guidelines (Barnes et al., 2013; Gawlik et al., 2018) and high amounts of 

sedentary time (Melville et al., 2018; Mikulovic et al., 2014; Oviedo et al., 2017; Tyrer et al., 

2019), with studies demonstrating an inverse relationship between physical activity levels and 

obesity (Barnes et al., 2013; Bodde et al., 2013; Gawlik et al., 2018; Gawlik et al., 2016; 

Melville et al., 2018). The presence of obesity in adults with ID has also been associated with 

higher amounts of sedentary time (Melville et al., 2018), of which sedentary time has been 

associated with a higher likelihood of multimorbidity in a large sample of adults with ID (Tyrer 

et al., 2019). Furthermore, in the first study to examine the association between physical activity 

and mortality in the adult population with ID, Diaz (2020) observed lower risk of all-cause 

mortality in individuals who participated in ≥150 minutes per week of light to moderate-intensity 

or ≥75 minutes per week of vigorous-intensity physical activity compared to individuals who 

were sedentary.  

A common barrier to participation in physical activity includes limited opportunities or 

resources to exercise (Howie et al., 2012; Stancliffe & Anderson, 2017). Temple (2007) 

observed that the least active participants in a sample of adults with ID struggled with 

accessibility of physical activity opportunities. Furthermore, a reciprocal relationship appears to 

exist between physical inactivity and obesity, as obesity has been described as a barrier to 

participating in physical activity for adults with ID and was found to be associated with low 

levels of physical activity in younger and older adults with ID (Hsieh et al., 2017). Indeed, 

obesity exacerbates loss of physical function and may coincide with the onset of sarcopenia, 

termed sarcopenic obesity. Sarcopenic obesity develops in the context of a decrease in lean body 

mass with concomitant excess adiposity, which has been associated with increased mortality and 
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poorer physical function in the general older adult population (Cruz-Jentoft et al., 2019; Prado et 

al., 2012).  

Obesity and Diet 

Diets of adults with ID have been described as “poor” (Humphries et al., 2009) and 

reported to be low in fruit and vegetable intake in both group residential facilities and 

community settings (Adolfsson et al., 2008; Braunschweig et al., 2004; Draheim et al., 2007; 

Hamzaid et al., 2020; Ptomey et al., 2013). The 2020-2025 Dietary Guidelines for Americans 

(U.S. Department of Agriculture and U.S. Department of Health and Human Services, 2020) 

recommend adequate fiber consumption and limiting foods higher in saturated fat and added 

sugars; however, adults with ID consume low amounts of fiber (Adolfsson et al., 2008; Bertoli et 

al., 2006; Ptomey et al., 2013) and high amounts of fat and sugar (Bryant et al., 2018; Hoey et 

al., 2017; Ptomey et al., 2013). Micronutrient consumption in adults with ID is variable across 

studies; however, low consumption of vitamin A (Adolfsson et al., 2008; Ptomey et al., 2013), 

vitamin D (Bertoli et al., 2006; Ptomey et al., 2013), calcium (Bertoli et al., 2006; Hamzaid et al., 

2020; Ptomey et al., 2013), potassium (Bertoli et al., 2006; Ptomey et al., 2013), and zinc 

(Bertoli et al., 2006; Hamzaid et al., 2020) has been consistently observed. It should be noted 

that Bertoli et al. (2006) examined diets of adults with both physical and intellectual disability, of 

which 13 adults in the sample had ID. However, the number of studies examining dietary intake 

in adults with ID is sparse. 

The population with ID may be at higher risk of low nutritional status due to high 

prevalence of oral health hygiene problems, swallowing difficulty, sensory processing issues, 

food selectivity, food-drug interactions, and needing support during mealtimes (Ptomey & 

Wittenbrook, 2015). Food choice, or lack thereof, may be partially influenced by the living 

situation of the individual, such as residing in an assisted group facility versus residences that 
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require less assistance and offer more independence (Ptomey & Wittenbrook, 2015). Studies 

have demonstrated higher consumption of sugar-sweetened beverages in individuals with ID 

with more independence in decision-making (Adolfsson et al., 2008; Nordstrøm et al., 2015), 

whereas individuals with less independence may have greater reliance on meals prepared by 

caregivers (Koritsas & Iacono, 2016). Hamzaid et al. (2018) observed lower levels of nutrition 

knowledge in caregivers of group home-residing adults with ID compared with adults living in 

the community; a lack of nutrition knowledge may present a barrier to selection and preparation 

of healthy meals for adults with ID. 

Capturing the relationship between diet and obesity in individuals with ID is complicated 

by factors including unobserved snacking, difficulty with eating certain foods, lack of choice in 

what and when to eat, and accounting for differences in energy needs of participants (Heller et 

al., 2011; Humphries et al., 2009; Ptomey & Wittenbrook, 2015; Ranjan et al., 2018). 

Additionally, most studies analyzing diet composition of individuals with ID rely primarily on 

dietary recalls, food frequency questionnaires, and food diaries, which often require the 

assistance of a caregiver and a certain level of memory and cognition in participants with ID; 

thus, there is currently no validated method for assessing dietary intake of adults with ID 

(Humphries et al., 2009; Ptomey & Wittenbrook, 2015).  

Osteopenia 

Osteopenia is a risk factor for osteoporosis, a disease characterized by the onset of 

porous, fragile bone tissue and lower bone mass that occurs when bone resorption outpaces bone 

formation (Seeman, 2003). Health complications arising from sarcopenia and/or obesity may be 

compounded by the presence of osteopenia, especially among aging adults (Ilich et al., 2016; 

Kelly et al., 2019). The World Health Organization defines osteopenia as a bone density T-score 

≤-1 standard deviation below a healthy reference population, while osteoporosis is defined as a 
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T-score ≤-2.5 (Kanis, 1994). Individuals with ID have high prevalence of risk factors for 

osteopenia (Bastiaanse et al., 2014; Srikanth et al., 2011), including early menopause in females, 

hypogonadism, secondary hyperparathyroidism, use of anticonvulsants or antipsychotics, having 

Down syndrome, immobility, increasing age, low calcium intake, and low serum vitamin D 

levels (Burke et al., 2019; Carmeli & Imam, 2014; Costa et al., 2017; Petrone, 2012; Srikanth et 

al., 2011). Adults with ID, particularly individuals with Down syndrome (Baptista et al., 2005; 

Carfì et al., 2017; Geijer et al., 2014; Guijarro et al., 2008; Tang et al., 2019), have consistently 

exhibited bone mineral density (BMD) levels lower than individuals without ID (Petrone, 2012; 

Srikanth et al., 2011) and have high prevalence of osteopenia (Burke et al., 2019; Srikanth et al., 

2011). 

Burke et al. (2019) observed an osteopenia and osteoporosis prevalence rate of 33.2% 

and 41%, respectively, of a sample of 575 older adults with intellectual and developmental 

disabilities using quantitative ultrasound of the heel. A majority (62.7%) of individuals with 

osteoporosis presented with a severe/profound level of ID, which the authors partially attributed 

to a tendency toward limited mobility in individuals with severe ID. In another sample of older 

adults with ID presenting with multiple risk factors for osteoporosis (n=18), 55% met the criteria 

for osteoporosis and 33% for osteopenia (Srikanth et al., 2011). Costa et al. (2017) assessed 

femoral neck and lumbar spine BMD with dual-energy X-ray absorptiometry in a sample of 

adults with Down syndrome (n=104). Osteopenia and osteoporosis were present in 48-52% and 

19-22% of the sample, respectively.  

Osteopenia and Physical Activity 

Low participation in physical activity has been observed in both community-dwelling and 

group facility-residing adults with ID (Hilgenkamp, Reis, et al., 2012; Hsieh et al., 2017; 

Petrone, 2012; Srikanth et al., 2011). Physical inactivity may contribute to muscle weakness and 
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loss of balance, increasing risk for falls (de Kam et al., 2009). In addition to high rates of 

osteopenia, adults with ID exhibit high prevalence of falls (Cox et al., 2010; Hsieh et al., 2012; 

Smulders et al., 2013) and consequently exhibit high rates of fracture, which can lead to reduced 

mobility and independence (Petrone, 2012; Smulders et al., 2013; Srikanth et al., 2011).  

Consistent with known risk factors for osteopenia in the ID population, Zylstra et al. 

(2008) observed significantly higher risk of osteoporosis in nonambulatory individuals with 

intellectual or developmental disabilities compared to their ambulant counterparts. Similarly, 

Frighi et al. (2014) observed 33% lower hip BMD among adults with ID who use wheelchairs 

compared to ambulatory adults with ID. Mobility impairment and age has also been associated 

with low bone quality in older adults with ID (Bastiaanse et al., 2014). Moreover, in a sample of 

young adults with Down syndrome, Guijarro et al. (2008) observed a significant relationship 

between lower BMD in the spine and low physical activity. However, a large-scale analysis of 

the relationship between physical activity and BMD in adults with ID has not been performed. 

Osteopenia and Diet 

Diets with low nutrient-density have been observed in the ID population (Hamzaid et al., 

2020; Humphries et al., 2009), potentially contributing to the very high rates of insufficient 

serum vitamin D levels observed in adults with ID (Frighi et al., 2014; Kilpinen-Loisa et al., 

2009; McKinnon et al., 2018; Petrone, 2012; Vanlint & Nugent, 2006). Ptomey et al. (2013) 

assessed dietary intakes of adults with intellectual and developmental disabilities and observed 

intakes of vitamin D less than the Estimated Average Requirement (Otten et al., 2006), 

suggesting a deficiency in vitamin D intakes. Low dietary consumption of vitamin D in 

conjunction with low sun exposure, use of anti-epileptic medications, or endocrine disorders, all 

of which are commonly observed in individuals with ID, may contribute to serum vitamin D 

deficiency (Petrone, 2012; Srikanth et al., 2011). Hypovitaminosis D, otherwise known as 
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vitamin D deficiency, can lead to disrupted calcium and phosphorus homeostasis, thus hindering 

bone maintenance and increasing the risk for osteopenia (Laird et al., 2010; Petrone, 2012) and 

impaired muscle function (Robinson et al., 2018).  

Low dietary intakes of calcium have also been observed in adults with ID. Hamzaid et al. 

(2020) observed deficient calcium intakes in 43% of males and 78% of females in a sample of 

adults with ID living in group homes. Additionally, Ptomey et al. (2013) observed deficient 

calcium intakes in community-dwelling females with intellectual and developmental disabilities. 

Low consumption of calcium can lead to decreased bone mass, ultimately resulting in osteopenia 

(Otten et al., 2006). However, despite evidence of vitamin D deficiency (Frighi et al., 2014; 

Petrone, 2012) and low calcium intake (Hamzaid et al., 2020; Ptomey et al., 2013) among adults 

with ID, the relationship between vitamin D and/or calcium intake with BMD has not been 

thoroughly examined in adults with ID. 

Osteosarcopenic Obesity 

Osteosarcopenic obesity (OSO) describes the coexistence of osteopenia and sarcopenia in 

the context of obesity (Ilich et al., 2014; Ilich et al., 2016). The term “osteosarcopenic obesity” 

was coined with the purpose of improving treatment for the simultaneous presence of all three 

conditions (i.e., osteopenia, sarcopenia, and obesity) through the incorporation of comprehensive 

nutritional and physical activity modifications (Kelly et al., 2019). However, others have 

challenged the term “osteosarcopenic obesity,” arguing that there is limited evidence for whether 

mortality risk or clinical outcomes associated with OSO are worse when evaluated as one 

condition or as three separate conditions (Bauer et al., 2019). The presence of OSO appears to be 

driven by aging and low-grade chronic inflammation, with obesity perpetuating the release of 

inflammatory cytokines and contributing to decreased bone mass and impaired ability to gain 

muscle (Ilich et al., 2014; Ilich et al., 2016; Kelly et al., 2019). Thus, inflammation, which 
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increases with age, could be the link between each condition that necessitates treatment for the 

whole triad (i.e., OSO). Potential consequences of OSO include reduced mobility and physical 

function and increased risk of falls and fractures (Kelly et al., 2019; Ormsbee et al., 2014).  

In adults with ID, observations of high prevalence of obesity (Ranjan et al., 2018) and 

osteopenia (Burke et al., 2019; Costa et al., 2017; Srikanth et al., 2011), emerging evidence of 

low muscle strength consistent with sarcopenia (Bastiaanse et al., 2012; Carmeli et al., 2012; 

Coelho-Junior et al., 2019), and shared risk factors for these conditions make it plausible that 

adults with ID are at risk for OSO. Moreover, older adults may be at particular risk, as older 

adults with ID participate in less physical activity (Hilgenkamp, Reis, et al., 2012; Hilgenkamp, 

van Wijck, et al., 2012b) and exhibit a higher prevalence of obesity (de Winter et al., 2012b), 

low BMD (Bastiaanse et al., 2014; Zylstra et al., 2008), and multimorbidity (Hermans & 

Evenhuis, 2014). 

Special Olympics 

Special Olympics (SO) is the world’s largest organization providing inclusive 

opportunities for children and adults with ID to participate in competitive athletic events. SO 

additionally provides free health screenings with an emphasis on educating athletes about healthy 

lifestyle behaviors. Due to the organization’s capacity to provide health screenings for thousands 

of individuals with ID, SO maintains the largest health indicator dataset for this population, 

which may be utilized to inform health intervention for adults with ID at the population and 

individual level (Lloyd et al., 2018).   

Research utilizing this dataset have consistently shown SO athletes to exhibit high rates 

of obesity (Foley et al., 2013; Foley et al., 2017; Rintala et al., 2017; Temple et al., 2014). Older 

age and sex (i.e., being female) have consistently been associated with obesity in SO athletes in 

North America (Foley et al., 2013; Temple et al., 2014) and internationally (Foley et al., 2017; 
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Rintala et al., 2017). Furthermore, both male and female athletes exhibit higher rates of obesity 

than adults in the general population in the U.S. (Foley et al., 2013).  

Low grip strength, an indicator of sarcopenia, has been observed in SO athletes. Adults as 

young as 20-30 years old have exhibited grip strength levels lower than older adults in the 

general population (Cuesta-Vargas & Hilgenkamp, 2015; O'Connell et al., 2006), and this trend 

appears to remain consistent as athletes age (Cuesta-Vargas & Hilgenkamp, 2015). Additionally, 

athletes in higher-income countries tend to exhibit higher levels of strength compared to athletes 

in lower-income countries (Santarossa et al., 2017). To date, no large-scale SO studies have 

assessed grip strength levels of participants compared to cut-offs established for sarcopenia. 

Similarly, a high prevalence of osteopenia has been reported in this population. Nearly 

one-quarter of SO athletes ≥20 years of age in North America exhibit low BMD, comparable to 

the global prevalence of low BMD among SO athletes (Special Olympics International, 2018, 

2019). Internationally, prevalence rates of low BMD in SO athletes increase with age (Special 

Olympics International, 2018), though the relationship between BMD and age in SO athletes has 

not been reported in the literature. 

Purpose of Study 

Despite evidence of high rates of obesity, low muscle strength, and low BMD and the 

shared risk factors between each condition, a large-scale analysis of the coexistence of 

sarcopenia, obesity, and osteopenia and their associations between lifestyle behaviors in the adult 

population with ID is absent in the literature. Therefore, the purpose of this study was to examine 

the relationships between age and sex on sarcopenia-related measures (i.e., upper- and lower- 

body muscular strength), obesity, and osteopenia in SO athletes ≥20 years-old with ID. An 

exploratory analysis was also conducted to examine the relationships between the presence of 
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upper- and lower-body muscular strength, obesity, and osteopenia with physical activity, screen 

time, vitamin D supplementation, and intake of calcium foods. 
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CHAPTER 3.    METHODS 

Participants 

Data were collected during 2018-2019 from U.S. male and female SO athletes, ≥20 years 

old, with diagnosed ID. Measurements were provided from Special Olympics International 

within the Health Promotion and FUNfitness disciplines of the Healthy Athletes Software 

System. All measurements were taken directly by trained volunteers under the supervision of a 

clinical director. The Health Promotion discipline provided data on height, weight, BMI, BMD, 

and estimates of nutrition and physical activity behaviors. The FUNfitness discipline provided 

data on upper- and lower-body muscular strength. 

Data from a total of 22,665 participants were provided by Special Olympics International 

to the research team on November 30, 2020. Data cleaning procedures were performed in the 

following order: Individuals were excluded from analysis if data were collected during 2016-

2017 (n=2,494). Participants with unknown age (n=366) or sex (n=98) were then removed. 

Finally, individuals less than 20 years of age were filtered and removed (n=5,570). After 

cleaning, data reflected adult male and female SO athletes ≥20 years of age who participated in 

SO in 2018-2019 (n=14,137) (Figure 1). Data received from SO did not contain identifiers and 

demograpic information, including birth dates, race, ethnicity, and socioeconomic status. The 

Iowa State University Institutional Review Board granted exempt approval for this study 

(Appendix B). 

Measures and Data Cleaning Procedures 

Grip Strength 

Upper-body muscular strength was assessed with hand grip strength. After demonstrating 

the test, athletes were instructed by a physical therapist to sit in a chair with a straight back or 
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wheelchair. The testing arm was bent at a 90-degree angle while the athlete squeezed a handgrip 

dynamometer. After the physical therapist said, “ready, set, go,” the athlete was instructed to 

squeeze the handgrip dynamometer “as hard as possible” for six seconds and release. Up to three 

trials were completed on each hand, with each trial alternating between hands. Hand grip 

strength was recorded in kilograms (Special Olympics International, 2020a). 

Grip strength has been moderately correlated with upper- and lower-body muscular 

strength (Cruz-Jentoft et al., 2010; Cruz-Jentoft et al., 2019) and is a predictor of all-cause 

mortality in the general population (García-Hermoso et al., 2018). Handgrip dynamometry has 

been shown to be a valid tool for estimating grip strength in the general adult population 

(Mathiowetz, 2002) and reliable in younger to older adults with mild to severe ID (Hilgenkamp, 

van Wijck, et al., 2012a; Salb et al., 2015; van Biesen & Pineda, 2019).  

Data for up to three trials on either the left or right hand were initially provided for 6,280 

and 6,291 individuals, respectively. Any trials with a “0” were removed due to uncertainty of 

whether any reasonable effort was made during the trial. Any values >85 kilograms were 

removed from analysis due to exceeding maximum grip strength values from the general 

population of the United States (National Center for Health Statistics, 2014). Tests conducted 

with only one trial on a particular hand were removed from analysis, as at least two trials were 

required to calculate an average grip strength. Individuals who completed at least two trials of 

the test on one hand were included. After cleaning, 6,204 and 6,198 cases were available for the 

left and right hands, respectively. In total, there were 6,477 total cases with data for at least one 

hand available for analysis.  

Tests for the left and right hand were averaged across two to three trials, depending on 

how many trials the athlete conducted. The average grip strength scores for the left, right, or both 
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hands were determined to be low if the value was below 27 kilograms for men or 16 kilograms 

for women, based on the revised EWGSOP guidelines for low grip strength (Cruz-Jentoft et al., 

2019). Athletes with low grip strength scores on either hand were categorized as having low grip 

strength, while athletes with grip strength scores above the cut-off were categorized as having 

adequate grip strength.  

Chair Stand 

Lower-body muscular strength was assessed with a timed chair stand test. After 

demonstrating the test, a physical therapist positioned the athlete in a straight-backed chair with 

the hips and knees at a 90-degree angle. Athletes were instructed to stand up from the chair and 

sit down again with the elbows flexed at 90 degrees during the entire duration of the test. The 

athlete was not permitted to use hands or arms to assist with either the standing or sitting phase 

of each repetition. Athletes completed ten chair stands as quickly as possible while timed. The 

timer was stopped after the athlete sat down from the tenth stand. Time was recorded in seconds 

(Special Olympics International, 2020a). 

According to the EWGSOP guidelines, the cut-off for low muscle strength utilizing the 

chair stand test is >15 seconds for five repetitions. However, SO utilizes a modified version of 

the sit-to-stand test compared to the chair stand method outlined in the EWGSOP guidelines 

(Cruz-Jentoft et al., 2019). At SO, athletes who cannot complete 10 chair stands in ≤20 seconds 

are considered to have low functional leg strength (Special Olympics International, 2020a). The 

20-second chair stand test utilized by SO has been shown to be a feasible and reliable indicator 

of functional lower-body muscular strength in SO athletes (van Biesen & Pineda, 2019). Validity 

and reliability of a 30-second chair stand test as an indicator of lower-body strength has been 

established in older adults in the general population (Cruz-Jentoft et al., 2019; Jones et al., 1999) 

and has been utilized as a reliable tool for assessing muscular endurance in older adults with ID 
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(Hilgenkamp, van Wijck, et al., 2012a). Additionally, the 30-second chair stand test may be a 

predictor of decline in ability to perform activities of daily living in older adults with ID 

(Oppewal et al., 2014, 2015). 

Data for one chair stand trial were initially provided for 6,536 participants. Values less 

than five seconds were removed from analysis, as completing ten chair stands in less than five 

seconds would not be physically possible. Any values greater than 99 seconds were removed 

from analysis due to concern that scores could have been incorrectly recorded in minutes. After 

cleaning, 6,444 cases were included in analysis. Athletes who completed ten repetitions of chair 

stands in greater than 20 seconds were categorized as having high chair stand time, while athletes 

who completed ten repetitions of chair stands in less than 20 seconds were categorized as having 

adequate chair stand time. 

Body Mass Index 

BMI was calculated from weight and height (kg/m2). Trained volunteers instructed the 

athlete to remove shoes, hats, and any heavy or bulky items of clothing or accessories before 

taking measurements. Weight was measured with the athlete standing on a digital or beam scale 

to the nearest ounce or 0.1-kilogram. Before use, digital and beam scales were balanced at zero. 

If using a digital scale, athletes were asked to step on the scale and remain until the reading 

stopped. Athletes weighed with a beam scale were asked to step up and remain on the scale while 

the volunteer adjusted the weight bars until the arrow centered. Height was measured with a 

stadiometer as the athlete stood with feet flat on the floor, heels together against the base of the 

stadiometer, and the head, shoulders, and back against the measuring surface. The volunteer 

compressed the headboard to the top of the athlete’s head, level and at a right angle to the 

measuring surface, and measured height to the nearest 0.1-centimeter or 1/8-inch (Special 

Olympics International, 2020b).  
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Data for height and weight measurements were initially available for 8,460 and 8,531 

athletes, respectively. Athletes with a recorded height >213.36 centimeters (i.e., 7 feet) or <122 

centimeters (i.e., 4 feet) were removed from analysis. Weight measurements >181 kilograms 

(i.e., 400 pounds) were removed, as the scales utilized in the Health Promotion center had a 

maximum capacity of 181 kilograms. Any height or weight measurements without units (i.e., 

centimeters, inches, kilograms, or pounds) were removed. All height measurements provided in 

inches were converted to centimeters; likewise, all weight measurements provided in pounds 

were converted to kilograms. BMI was calculated from the cleaned height and weight data. After 

cleaning, BMI data were available for 7,824 athletes. Athletes with a BMI ≥30.0 kg/m2 were 

categorized as having a high BMI for analysis, while athletes with a BMI <30.0 kg/m2 were 

categorized as not having high BMI.  

Bone Mineral Density 

BMD was assessed with calcaneal (heel) quantitative ultrasound by use of a Sahara 

Clinical Bone Sonometer (Sahara Clinical Bone Sonometer, Hologic Inc., Waltham, MA). The 

Sahara emits an ultrasound beam through the heel to obtain the Quantitative Ultrasound Index as 

an estimation of BMD, producing results that are correlated to measures of BMD assessed with 

dual energy x-ray absorptiometry. The Sahara provides a safe, portable, rapid, and easily 

accessible method of screening for low BMD in SO athletes (Hologic, 1998). After calibrating 

the machine, a trained volunteer instructed the athlete to place their dominant heel in the foot 

carriage of the bone sonometer. Transducers then closed on each side of the athlete’s heel while 

emitting sound waves through the heel for about 30 seconds. The athlete was instructed to 

remove their foot after the transducers opened, indicating a finished test. The process was 

repeated on the non-dominant heel. BMD was recorded with T-scores for each heel (Special 

Olympics International, 2020b). 
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Data were initially available for BMD assessments of the left and right heel in 2,120 and 

2,499 athletes, respectively. Cases with two values recorded in one observation and values with 

obvious errors in reporting were removed. Additionally, one individual in the oldest age band 

(i.e., 80-89 years) was removed due to an inadequate sample size for analysis in the logistic 

regression model. After cleaning, T-scores for the left and right heels were available for 2,119 

and 2,494 individuals, respectively. In total, 3,091 cases with BMD data for at least one heel 

were available for analysis. Athletes with BMD T-scores ≤-1.0 on either heel were categorized as 

having low BMD, while athletes with T-scores >-1.0 were categorized as not having low BMD. 

Questionnaires  

A Health Habits survey was conducted with athletes in addition to the screening 

measures in the Health Promotion station (Special Olympics International, 2020b). Questionnaire 

data were recorded by volunteers on a Healthy Athletes System form or tablet while interviewing 

athletes. Hard-copy visual aids in the form of pictures were provided to assist the athlete in 

answering nutrition- and physical activity-related questions during the interview (Appendix A). 

Volunteers asked each open-ended question with the corresponding pictures to prompt responses 

from the athlete. Notable issues that could arise during interviews include misunderstanding a 

question, confusion about certain concepts (i.e., definition of a serving size, calcium, or vitamin 

D), difficulty remembering and/or estimating time spent participating in certain activities, and a 

desire to please the interviewer with the “correct” answers. Additionally, caregivers were 

allowed to sit next to the athlete during the interview and may have positively or negatively 

influenced the athlete’s responses. A description of assessments for physical activity, screen 

time, vitamin D supplementation, and calcium intake are provided in Table 1. 

Exercise frequency, screen time frequency, vitamin D supplementation, and calcium 

intake responses were assigned categorical levels for analysis. Athletes who reported 
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accumulating at least 30 minutes of exercise for ≥5 days per week were considered as having met 

physical activity guidelines (i.e., ≥150 minutes physical activity/week) (U.S. Department of 

Health and Human Services, 2018). Screen time was analyzed at the following levels according 

to survey responses: 0 hours/day, 1-2 hours/day, 3-4 hours/day, 5-6 hours/day, and >6 hours/day. 

Vitamin D supplementation was analyzed according to the responses included in the 

questionnaire: “Yes”, “No”, and “Don’t Know.” Calcium intake was divided among the 

following levels according to survey responses: 0 servings/day, <1 serving/day, 1-2 servings/day, 

3-5 servings/day, and >5 servings/day. 

Data Analysis 

Descriptive statistics were calculated for age; sex; mean scores for grip strength, chair 

stand time, BMI, and BMD; and prevalence of low upper- and lower-body muscle strength, high 

BMI, low BMD, and the coexistence of the four conditions. 

Aims 1 and 2 

Binary logistic regression was performed to calculate odds ratios (OR) and 95% 

confidence intervals (95% CI) of having low upper- and lower-body muscle strength, high BMI, 

low BMD, and the coexistence of the four conditions according to age (banded categorically by 

decades; i.e., 20-29, 30-39…) and sex (i.e., female and male). Each dependent variable was 

examined in an isolated model. Sufficient numbers of cases were available for analysis across all 

age bands for all outcomes with the exception of low BMD. Only one case existed in the oldest 

age band (i.e., 80-89 years); this individual, and thus the oldest age band, was removed from 

analysis. 

Exploratory Aim 3 

Binary logistic regression was performed to calculate OR and 95% CI of having low 

upper- and lower-body muscle strength, high BMI, low BMD, and the coexistence of the four 
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conditions with independent variables including age, sex, physical activity, screen time, vitamin 

D supplementation, and calcium intake. Initial models for each dependent variable were run 

including all parameters. Non-significant parameters were dropped from the model in order to 

pool degrees of freedom for further analysis and to present the most parsimonious model for 

each outcome. Age bands without sufficient sample sizes for significant parameters were 

removed from analysis; including age bands 60-69, 70-79, and 80-89 years with low grip 

strength as the dependent variable; and age bands 70-79 and 80-89 years with high BMI as the 

dependent variable.    

All statistical analyses were performed using RStudio Version 1.4.1103. Statistical 

significance (α) was determined a priori at p ≤0.05. 
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CHAPTER 4.    RESULTS 

Data for 22,665 athletes who participated in screenings within the Health Promotion and 

FUNfitness disciplines in 2018-2019 were obtained from Special Olympics International. 

Participants were excluded if data were collected in 2016-2017 (n = 2,494), sex (n = 98) and age 

(n = 366) were unknown, and individuals were ≤20 years old (n = 5,570). Therefore, data for 

14,137 individuals remained for analysis.  

Participant demographics are displayed in Table 2, including final sample sizes utilized 

for analysis stratified by age and sex. Males made up the majority of the sample for all 

conditions. Sample sizes for grip strength, chair stand, BMI, BMD, and all four measurements 

were 6,477, 6,444, 7,824, 3,091, and 737 participants after cleaning, respectively. 

Descriptive statistics for grip strength, chair stand time, BMI, and BMD are displayed in 

Table 3. Most notably, males generally tended to have higher mean grip strength scores on both 

hands than females, and females had higher mean T-scores on both heels than males. 

 Low grip strength, high chair stand time, high BMI, and low BMD were identified in 

43.8%, 46.2%, 50.3%, and 28.7% of each sample, respectively (Table 4). Among age bands, the 

prevalence of each condition increased compared to the youngest age band (i.e., 20-29 years). 

The presence of all four conditions was observed in 3.5% (n = 26) of the sample. 

The coexistence of multiple conditions is further divided in Figure 2 (n = 737). The 

highest amount of overlap was observed in the 9.6% of individuals with low grip strength (i.e., 

low upper-body muscular strength) who also had high chair stand time (i.e., low lower-body 

muscular strength). The most prevalent conditions among individuals with high BMI was the 

simultaneous presence of high chair stand time and low grip strength (i.e., 6.9%). In athletes with 
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low BMD, 4.7% simultaneously exhibited low grip strength, and 4.6% exhibited the presence of 

both low grip strength and high chair stand time. 

Table 5 displays the odds of having low grip strength with age and sex. Risk of having 

low grip strength increased steadily with age, particularly between age bands 40-49 and 60-69 

years. Athletes 60-69 years of age were twice as likely to have low grip strength compared to 20-

29-year-old athletes (p < .001). Additionally, males were 88% more likely than females to have 

low grip strength (p < .001); this trend with age is exhibited in Figure 3. 

The odds of having high chair stand time significantly increased across all age bands 

(Table 6). Athletes were 2.46 times more likely to have low lower-body strength at age 50-59 

years compared to 20-29-year-old athletes (p < .001). In the oldest age band (i.e., 70-79 years), 

athletes were nearly 11 times more likely to exhibit high chair stand time (p = .002) than athletes 

in the youngest age band. Males were significantly less likely than females to have high chair 

stand time (p = .013). Figure 4 displays the prevalence of high chair stand time across age bands 

among males and females. 

Individuals between age bands 30-39 and 50-59 years were significantly more likely to 

have high BMI than 20-29-year-old athletes (Table 7). Additionally, males were 44% less likely 

than females to have high BMI (p < .001), as demonstrated across age bands in Figure 5. 

Risk for having low BMD consistently increased across all age bands (Table 8). At 50-59 

years of age, athletes were 1.85 times more likely to have low BMD than the youngest athletes (p 

< .001). Furthermore, individuals in the oldest age band (i.e., 70-79 years) were more than three 

times more likely to have low BMD than athletes 20-29 years of age (p = .024). Males had 

significantly higher odds of low BMD than females (p = .004), although the prevalence of low 

BMD was not consistently higher in men across age bands (Figure 6). 
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Individuals 50-59 years of age were four times more likely to exhibit the presence of all 

four conditions compared to 20-29-year-old athletes (p = .025) (Table 9). The percentage of 

males and females exhibiting all four conditions across age bands are displayed in Figure 7. 

Results from the exploratory analysis are displayed in Table 10. Athletes who reported 

acquiring at least 150 minutes of physical activity per week were significantly less likely to 

exhibit high BMI (p < .001) than individuals who accumulated less than 150 minutes of physical 

activity per week. Screen time was a significant predictor for the presence of high BMI, with 

individuals who reported 5-6 hours (p = .003) or >6 hours (p < .001) per week of screen time at 

higher risk for having high BMI. Odds ratios for high BMI consistently increased with higher 

reported intake of calcium servings per day. Interestingly, individuals who reported vitamin D 

supplementation were at higher risk for having low grip strength (p = .042), while athletes who 

participated in >6 hours of screen time per day were less likely to have low grip strength (p = 

.024).  
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CHAPTER 5.    DISCUSSION 

Sarcopenia, defined as an aging-related muscle disease (Cruz-Jentoft et al., 2019), has 

recently been identified in younger to middle-age adults with ID (Bastiaanse et al., 2012; 

Coelho-Junior et al., 2019). Whether low muscle strength, the main diagnostic criterion of 

sarcopenia, is age- or sex-specific or occurring with other comorbidities in adults with ID is 

unclear. The primary purpose of this study was to examine the relationships between age and sex 

with the presence of low muscle strength, high BMI, and low BMD in adult SO athletes in the 

U.S. in 2018-2019. Key findings include high prevalence of low grip strength (43.8%), high 

chair stand time (46.2%), high BMI (50.3%), and low BMD (28.7%) as well as significantly 

increased risk of each condition with aging. Additionally, males were significantly more likely to 

have low grip strength and low BMD, while females were more likely to exhibit high chair stand 

time and high BMI compared to males. The presence of all four conditions was observed among 

3.5% of athletes, with the most overlap between conditions observed among individuals with 

both low grip strength and high chair stand time (9.6%). Additionally, the most prevalent 

conditions simultaneously occurring among athletes with either high BMI or low BMD included 

low grip strength and high chair stand time. Individuals with ID exhibiting low muscular 

strength, low BMD, or high BMI may be at risk of difficulty completing activities of daily living, 

increased falls, increased health care costs, and poorer quality of life due to less independence 

(Cruz-Jentoft et al., 2019; Hilgenkamp, van Wijck, et al., 2012b; Hsieh et al., 2014; Santarossa et 

al., 2017). The identification of early onset of these conditions may also provide additional 

opportunities for early and preventative interventions. 
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Muscular Strength 

The results of this study reveal high prevalence of upper- and lower-body muscular 

strength and significantly higher risk of low muscular strength with increasing age in adult SO 

athletes. Low muscular strength, assessed with grip strength and timed chair stand tests, was 

present in 43.8% and 46.2% of the sample, respectively. Bastiaanse et al. (2012) similarly 

observed low grip strength in 49.1% of a sample of 50-64-year-old adults with ID, while 

Evenhuis et al. (2012) observed low grip strength in 53% of a sample of adults with ID 50 years 

of age and older. Different cut-offs were used across studies to evaluate grip strength. Bastiaanse 

et al. (2012) utilized grip strength cut-offs of 30 kg for men and 20 kg for women (Lauretani et 

al., 2003), while Evenhuis et al. (2012) utilized cut-offs stratified by age and sex (Fried et al., 

2001). Conversely, low grip strength was defined as grip strength <27 kg for males and <16 kg 

for females in the present study (Cruz-Jentoft et al., 2019). The lower prevalence of grip strength 

in the present sample could be explained by different cut-offs utilized for grip strength, lower 

mean age of participants in the current study, or potential differences in physical activity levels 

between samples, given the active nature of SO.  

In a large-scale analysis of muscular strength among adults with ID and SO athletes, 

younger participants (i.e., beginning at 20 years old) demonstrated grip strength levels lower than 

the general population, with the trend persisting with age (Cuesta-Vargas & Hilgenkamp, 2015). 

The present study corroborates the trend of low levels of grip strength observed with increasing 

age and establishes increased risk of having low grip strength with aging in adult SO athletes. 

Beginning at 40-49 years of age, athletes were 30% more likely to have low grip strength than 

their 20-29-year-old counterparts. This observation supports findings of low grip strength 

identified in adults with ID as young as the fourth decade of life (Coelho-Junior et al., 2019). 

With each additional decade, athletes in the present study continued to exhibit an approximately 
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30% increased risk of low grip strength until 70-79 years of age. Athletes in the oldest age band 

(i.e., 70-79 years) were two times more likely than 20-29-year-old athletes to have low grip 

strength. These observations are not unlike what is seen in the general population, as grip 

strength has been shown to peak at 30-39 years and begin declining at 40-49 years of age in U.S. 

adults (Perna et al., 2016). 

Males in the present sample were two times more likely than females to have low grip 

strength. This finding could potentially be related to the higher cut-off utilized for low grip 

strength in the present study for males (i.e., 27 kg for males versus 16 kg for females). Male SO 

athletes tend to present higher grip strength scores compared to females (Cuesta-Vargas & 

Hilgenkamp, 2015; Hilgenkamp, van Wijck, et al., 2012b; Santarossa et al., 2017), yet both 

males and females with ID have exhibited trends of lower grip strength compared to the general 

population (Cuesta-Vargas & Hilgenkamp, 2015; Hilgenkamp, van Wijck, et al., 2012b). Thus, 

additional research into determinants of differences in the presence of low grip strength of males 

and females with ID may be warranted. 

Similar to the rates of low grip strength observed in the present sample, athletes exhibited 

a 46.2% prevalence of high chair stand time, indicative of low lower-body muscular strength. 

Aging was significantly associated with increased risk of low lower-body muscular strength, 

with odds ratios consistently increasing across all age bands. By the time athletes reached 50-59 

years of age, participants were 2.46 times more likely to have low lower-body muscular strength 

compared to athletes 20-29 years old. The doubled risk of low lower-body strength in athletes at 

mid-life presents concern for early-onset sarcopenia and coincides with the age at which high 

rates of poor chair stand scores have been observed in adults with ID (Evenhuis et al., 2012).  
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Table 10. Odds ratios for prevalence of low grip strength, high chair stand time, high body mass index, low bone mineral density, or 

the coexistence of all four conditions with physical activity, screen time, vitamin D supplementation, and calcium intake by age and 

sex 

 Low GS (OR, 95% CI) b High CS (OR, 95% 

CI) c 

High BMI (OR, 95% 

CI) d 

Low BMD (OR, 95% 

CI) e 

All (OR, 95% CI) f 

Age band (years)      

20-29 a 1 1 1 1 1 

30-39 0.84 (0.62-1.15) 1.30 (1.15-1.46) *** 1.51 (1.33-1.72) *** 1.32 (1.09-1.60) ** 1.36 (0.50-3.63) 

40-49 1.28 (0.88-1.86) 1.59 (1.38-1.84) *** 1.65 (1.41-1.94) *** 1.47 (1.17-1.85) *** 1.43 (0.38-4.50) 

50-59 1.70 (1.01-2.89) * 2.46 (2.02-3.01) *** 1.65 (1.35-2.04) *** 1.85 (1.40-2.44) *** 4.07 (1.06-13.21) * 

60-69 — ^ 2.79 (2.02-3.88) *** 1.09 (0.80-1.47) 2.24 (1.46-3.40) *** 2.52 (0.13-14.85) 

70-79 — ^ 10.89 (3.06-69.22) ** — ^ 3.14 (1.14-8.61) * — ^ 

80-89 — ^ — ^ — ^ — ^ — ^ 

Sex      

Female a 1 1 1 1 1 

Male 2.03 (1.55-2.66) *** 0.88 (0.80-0.97) * 0.54 (0.48-0.60) *** 1.27 (1.08-1.49) ** 0.63 (0.29-1.41) 

Physical activity (150 

minutes/week) 
     

No a NS NS 1 NS NS 

Yes NS NS 0.78 (0.70-0.87) *** NS NS 

Screen time (hours/day)      

0 a 1 NS 1 NS NS 

1-2 0.88 (0.55-1.41) NS 1.03 (0.83-1.27) NS NS 

3-4 0.86 (0.52-1.41) NS 1.17 (0.94-1.46) NS NS 

5-6 0.88 (0.49-1.58) NS 1.49 (1.15-1.93) ** NS NS 

>6 0.44 (0.22-0.89) * NS 1.66 (1.25-2.21) *** NS NS 

Vitamin D (supplements)      

No a 1 NS NS NS NS 

Yes 1.33 (1.01-1.76) * NS NS NS NS 

Unsure 0.97 (0.57-1.63) NS NS NS NS 

Calcium (servings/day)      

0 a NS NS 1 NS NS 
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Vitamin D Supplement   
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Vitamin D Supplement 

 

Question to the Athlete: 

 

Do you take vitamin D 

supplements?  

  Yes                
  

  No           
 

  Don’t know 
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High Calcium Foods/Drinks 
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(High Calcium Foods/Drinks) 
 

Question to Athlete:   

Do you eat or drink any of these 
[high calcium] foods? How often? 

 

 
 
 

 less than 1 serving per day 

 1-2 servings per day 

 3-5 servings per day 

 more than 5 servings per day 

 never 
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Physical Activity 
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(Physical Activity) 

Question to Athlete:  

How many days each week do you exercise 
for at least 30 minutes? 
□ no days 
□ 1 day 
□ 2 days 
□ 3 days 

□ 4 days 
□ 5 days 
□ 6 days 
□ 7 days 
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Television and Video Games 

 

  

  

 

 

  

 

(Television and Computer/Video Games) 
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Question to Athlete:  

How many hours a day do you 
watch television or play 
computer/video games? 

 
 

□ 0 hours 

□ 1-2 hours 

□ 3-4 hours 
□ 5-6 hours 
□ Over 6 hours 
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APPENDIX B. INSTITUTIONAL REVIEW BOARD APPROVAL 
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