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Abstract: Muscular strength is a critical component of physical health. The aim of 

this cross-sectional study was to examine age- and sex-based differences in 

functional strength and rates of referral for education in a large international 

sample of Special Olympics athletes. A total of 30,358 (male = 19,661) adult (20–

69 years old) athlete functional strength records were utilized from the Special 

Olympics Healthy Athletes database. Descriptive statistics were computed for the 

following tests: timed sit to stand, partial sit-up, grip strength, and seated push-up. 

Analyses of variance with Fisher-Hayter pairwise comparisons generally supported 

age-related decreases in strength among both males and females in this study. 

Overall, male participants were stronger than the female participants. However, 

significantly fewer women were referred for education based on their grip strength 

scores. The rates of referral for education are a concern regarding core- and leg 

strength for more than one-third of athletes over the age of 30. These findings 

suggest that a substantial proportion of Special Olympics athletes would benefit 

from additional strength and conditioning training. 

Keywords: Intellectual disability, FUNfitness test battery, education, fitness 

testing, screening, health, athletes 
 

Introduction 

According to the World Health Organization, muscular strength is a critical component 

of physical health (World Health Organization, 2020). It is recommended that adults 

between the ages of 18-64 years engage in a minimum of bi-weekly whole-body 

strengthening activities to maintain bone health and muscular fitness (World Health 

Organization, 2020). Activities of daily living such as toileting and dressing, and 

instrumental activities of daily living such as shopping and cooking, depend on physical 

strength in both the general population and individuals with an intellectual disability (ID) 

(Oppewal et al., 2014a, 2015; Taekema et al., 2010). Improving strength reduces the risk of 

falls (Ishigaki et al., 2014), which are common and can result in injury and hospitalization 

among individuals with an ID (Cox et al., 2010).  

Muscular strength among adults with an intellectual disability 

Despite the importance of strength, individuals with an ID have a lower level of strength 

than their general-population peers (Cuesta-Vargas et al., 2011; Lahtinen et al., 2007); these 

lower levels include individuals with an ID who are athletes (Cuesta-Vargas & Hilgenkamp, 

2015). Additionally, among individuals with an ID, there is some evidence that strength 

decreases with age (Lahtinen et al., 2007; Oppewal et al., 2014b) and that females have lower 
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muscle strength than their male peers (Cuesta-Vargas et al., 2011; Lahtinen et al., 2007; 

Rintala et al., 2016). For example, Cuesta-Vargas and colleagues found that male Special 

Olympics athletes scored higher than female athletes on the following muscular strength and 

endurance tests: timed sit to stand, partial sit-up test, seated push-up test, and the hand grip 

test. Similarly, Lahtinen and others (2007) assessed strength parameters of male and female 

individuals with an ID longitudinally over their adult lifespan. These authors found that 

males consistently outperformed females in abdominal strength and endurance. Similar sex-

based strength differences were documented more recently in a sample of Nordic Special 

Olympics athletes (Rintala et al., 2016). However, the small number of female athletes (n = 

79 in the Cuesta-Vargas et al. study, n = 33 in the Lahtinen et al. study, and n = 15 in the 

Rintala et al. study), limits our understanding of sex-related differences. 

The connection between strength and functional capacity, and between strength and 

sports performance in individuals with an ID has been explored in the literature to a certain 

degree. The available evidence suggests that higher levels of strength are associated with 

more independent living and enhanced functional capacity (Carmeli et al., 2012; Cowley et 

al., 2010; Nordgren & Bäckström, 1971). For example, Cowley and others (2010) found that 

isometric leg strength of individuals with Down syndrome significantly predicted 

participants’ ability to rise from a chair, ascend and descend stairs, and their gait speed. The 

relationship between strength and physical capacity in individuals with an ID is 

corroborated by studies showing improved functional and activities of daily living 

performance following strength interventions (Carmeli et al., 2012; Cowley et al., 2010). The 

importance of the ability to independently perform activities of daily living cannot be 

underestimated in this population as it associated with improvements in quality of life, 

reduction of stress on family, and caregiver support systems (Oppewal et al., 2014a). Beyond 

activities of daily living, among athletes with an ID, higher levels of muscular strength and 

endurance are associated with enhanced sport performance (Franciosi, Baldari, et al., 2010; 

Franciosi, Guidetti, et al., 2010). By way of illustration, Franciosi, Guidetti and colleagues 

(2010) found that leg power significantly predicted shooting performance and upper-body 

strength as well as endurance predicted passing performance among adult male basketball 

players with an ID.    

Special Olympics Healthy Athletes Screening 

Special Olympics International (SOI) is a global not-for-profit sporting organization 

serving over 5.5 million people with an ID around the world (Special Olympics, 2016). SOI 

has programs in over 200 countries and offers free health screenings at local, State or 

Provincial, National, and World Games. SOI is the largest single source of health surveillance 

data and health services for people with an ID in the world (Special Olympics, 2016) and 

since 1997 SOI has provided more than 2 million free health screenings (Special Olympics, 

2020a). Data from the health screenings are entered into the Healthy Athletes Software 

(HAS) database. One of the free health screenings offered is FUNfitness.  

The FUNfitness health screening was developed by SOI in collaboration with the 

American Physical Therapy Association to assess Special Olympics athletes’ flexibility, 

strength, balance, and aerobic fitness. These fitness screenings are conducted by trained 

personnel (i.e., physical therapists, physical therapist trainees or assistants, and exercise 

specialists) at Special Olympics events using protocols developed by SOI (Special Olympics, 

2020b). When the screening identifies areas of need, athletes (plus coaches and family 

members where appropriate) are provided with one-on-one education and taught exercises 

that can help improve components of fitness. Further, when educational needs are identified 

in multiple areas or the individual has lost function over time, the athlete may be referred to 

a physical therapist or a primary care physician. Special Olympics athletes are ‘referred for 
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education’ at the FUNfitness screening events when their score for a test falls into a range of 

performance that is deemed in need of remediation to help the athlete achieve better 

function in that area (Special Olympics, 2020b). 

In summary, what we know, based on the current body of literature about individuals 

with an ID and strength is the following: strength plays an important role in independent 

living, functional capacity, and fall prevention; strength decreases with age; and strength is 

lower among women with an ID. However, most research is region-specific and with small 

sample sizes. Additionally, there is evidence that trends in health-related fitness data among 

adults with an ID, such as body mass index, do not mirror general population data patterns 

(Foley et al., 2013). As such, it is important to have population specific data. The aim of this 

cross-sectional study was to examine age- and sex-based differences in strength metrics and 

rates of referral for education in a large international sample of Special Olympics athletes. 

We hypothesized that strength would be lower in the older age bands, and the rate of referral 

would be higher. Further, we hypothesized that men will be stronger than women.  

Materials and Methods 

Data source 

The database for our secondary analyses was the HAS database. The following strength 

variables from the FUNfitness screening were used in this study: sex, age, event, delegation 

(country), grip strength, seated push-up, sit to stand-test, and partial sit-up. The Human 

Research Ethics Boards of University of Victoria and Ontario Tech University provided 

ethics approval for this secondary analysis (protocol numbers 09-349 and 14-125, 

respectively).  

Measures 

Timed sit to stand test 

The timed sit to stand test measures the ability to stand up from a chair and is a simple 

and rapid method to quantify functional lower extremity muscle strength (Csuka & McCarty, 

1985; Roldán-Jiménez et al., 2015). The test requires the athlete to sit on a firm straight-

backed chair, with feet flat on the floor and hips and knees at a 90-degrees angle. The arms 

are by the sides with the elbows flexed to 90-degrees throughout the entire test. Without 

using their arms, an athlete is instructed to stand from sitting and then to sit down again, 10 

times as quickly as possible. Time in seconds is recorded to perform the task. An assessor 

stands beside the athlete during this test in case they lose balance (Special Olympics, 2020b). 

Performance on the timed sit to stand test is associated with functional limitations. In a 

representative sample of adults from England, Scotland, and Wales, Kuh and colleagues 

(2005) demonstrated that the limitations in walking 400 yards and difficulties with stairs 

increased significantly from bottom tertile to the top third on the 10 times stand test. The 

10-times stand test also has strong reproducibility (i.e., 6.8% variation across testers) among 

individuals without disabilities (Csuka & McCarty, 1985) and a high degree of test-retest 

reliability (Newcomer et al., 1993). Special Olympics athletes are referred for education for 

their performance on the timed sit to stand test when their time is greater than 20 seconds 

or they are unable to complete 10 stands (Special Olympics, 2020b). 

Partial sit-up test  

The partial sit-up test is used to quantify abdominal muscle strength or endurance. The 

test involves completing 25 partial sit-ups (or as many as possible) within one minute 

(Special Olympics, 2020b). The number of partial sit-ups completed is recorded. The athlete 

is positioned supine on mat with her or his legs flexed to 90-degrees at the hips and knees.  

The lower legs are placed on a chair or stool. The athlete’s arms are positioned straight out 
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in front of the chest with the elbows extended, remaining in this position for the entire test. 

The athlete lifts her or his head and slowly sits up until the base of the scapula clears the 

floor and then slowly lowers back down again. To help the athlete understand how far to sit 

up, the assessor provides a target (their hand or a ruler) for the athlete to touch with his or 

her hands. Researchers who have used electromyography (EMG), has shown that this form 

of partial sit-up produces good activation of the abdominal muscles (Parfrey et al., 2008) 

and the modified curl-up test (similar to the partial sit-up test except that the hands slide 

along the floor to the target) has very acceptable test-retest reliability (r = .82) (Winnick & 

Short, 1998). Special Olympics athletes are referred for education for performance on the 

partial sit-up test when they are unable to complete 25 sit-ups in one minute (Special 

Olympics, 2020b).  

Grip strength test 

Grip strength was measured using a mechanical dynamometer, which quantifies the 

tension exerted on a steel spring in kilograms. The testing protocol for the FUNfitness grip 

strength screening (Special Olympics, 2020b) requires that the athlete sits upright in a 

straight-backed chair with the elbow bent to 90-degrees. Then, without moving the rest of 

the body, the athlete squeezes the dynamometer as hard as possible for six seconds. The test 

is completed three times with each hand (alternating between sides) and the best value for 

each hand is recorded. Mechanical dynamometers provide both accurate (i.e., recording 

actual force applied) and reliable (i.e., consistent over time) measures of hand-grip strength 

(Innes, 1999). Handgrip dynamometry has been shown to be both feasible and reliable 

among individuals with ID (Hilgenkamp et al., 2012; Salb et al., 2015; Yun et al., 2007). Grip 

strength has also been shown to have predictive validity of functional decline in mobility 

among older adults with ID (Oppewal et al., 2014a). Special Olympics athletes are referred 

for education for performance on the grip strength test when their test score is below the 10th 

percentile on age-adjusted normative tables for men and for women with ID (Special 

Olympics, 2020b).  

Seated push-up test 

The seated push-up test is a method of assessing strength and endurance of the triceps, 

shoulder and scapular muscles (Winnick & Short, 2014). The test involves pushing the body 

up out of a seated position, holding, and slowly lowering it back to sitting. An athlete is 

positioned on the floor, legs out straight with heels resting on the floor. The athlete must 

push her or his body up from the floor on the push-up blocks (circa 10 cm high) until the 

elbows are straight, and hold for a maximum of 20 seconds. One practice prior to the test is 

allowed. The number of seconds that the athlete can hold in the push-up position is recorded 

(Special Olympics, 2020b). The seated push-up test was designed to test the ability of 

individuals with physical disabilities to transfer, for example, chair to wheelchair, and to 

relieve pressure on the buttocks (Short & Winnick, 2005). From EMG data, the test activates 

the latissimus dorsi, pectoralis major, and triceps brachii muscles (Anderson et al., 1984), 

and the muscle activity is 20 – 30% greater among women completing this test, compared 

to men. Athletes are referred for education for performance on the seated push-up test when 

they cannot lift and support the body for at least 5 seconds (Special Olympics, 2020b). The 

5-second standard was derived from work by Kosiak and Kottke (1990) who advised that 

relieving pressure on the skin by lifting the body for 5 seconds every 15 minutes is sufficient 

to prevent pressure sores.  
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Data cleaning and statistical analyses 

Initially, 37,034 records of 20 – 69-years-old adult Special Olympics athletes from 173 

countries and jurisdictions were available from the SOI HAS database for the period 2002-

2012. Data cleaning procedures, illustrated in Figure 1, were as follows: 1) identify multiple 

entries for one individual and delete duplicate or redundant entries. This was done using 

probabilistic matching using sex, birthday, country or state, first name and last name. Scores 

were given based on the number of items matched. Individuals with a high probability of 

matching were reviewed. For individuals who had multiple entries in one year or entries over 

multiple years, the last entry for an individual was retained. 2) Listwise deletions were used 

when anthropometric, sex, or age data was missing; or and individual was not identified as 

an athlete. 3) The remaining data were examined and filtered to remove extreme values as 

identified or values without units of measurement noted (i.e., Kg, lbs). Determining extreme 

values for grip strength is described in research by Santarossa and colleagues (2017), 

extreme values for sit-to-stand were values less than 8 seconds. That value was determined 

by taking the minimum value (4 seconds) reported in Bohannon and colleagues (2007) five-

repetition sit-to-stand test and doubling it for the 10-repetition sit-to-stand. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Data cleaning procedure. 

Descriptive statistics (mean, standard deviation, range) were computed for each of the 

screening tests, specifically: Timed sit to stand test (time in seconds), Partial sit-up test 

(count within 1 minute), Grip strength in kilograms (left and right hand), and Seated push-

up test (time in seconds). Sex-based differences were examined using independent sample 

t-tests and effect sizes were computed using Cohen’s d. Further, analyses of variance were 

computed to examine age-related differences for each screening test for men and women 

separately. Significant main effects were followed-up with post hoc Fisher-Hayter pairwise 

comparisons (Kirk, 2013). The proportion of participants referred for education for each 
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screening test was also computed. Chi-squared test of independence analysis was used to 

examine the overall difference in the rates of referral for education for men and women by 

age band, and a further series of chi-squared test of independence were performed to 

examine sex-based differences in the rate of referral for education between each age band 

(20 – 29 years, 30 – 39 years, 40 – 49 years, 50 – 59 years, and 60 – 69 years). Effect sizes 

were computed using Cramer’s V. All analyses were performed using Stata Release 15 (Stata 

Corp, 2017).  

Results 

The final sample for this study was n = 30,358, of whom n = 19,661 (64.8%) were men. 

Table 1 displays the descriptive statistics for each of the strength measures and provides the 

p-values and effect sizes arising from the independent t-tests performed to examine sex-

based strength differences. It is evident that grip strength was significantly lower among 

women in each age band, as was the seated push-up time except for Special Olympics 

athletes in the oldest age band (60 – 69-years-old). The timed sit to stand test scores were 

similar for men and women, except for the youngest age group, where the men were able to 

complete 10 stands faster than the women (p < .001). Younger men (20 – 29y, 30 – 39y, and 

40 – 49y) were able to complete more partial sit-ups than the women. There were no sex-

based differences in the number of partial sit-ups within the two older age bands.  

In Table 2 the age-band comparisons for each of the strength measures are displayed 

separately for men and women. From Table 2, men were fairly consistent, with statistically 

significant age-related reductions in partial sit-up, F(4, 15648) = 51.17, p < .001, right-hand 

grip strength, F(4, 6259) = 7.96, p < .001, left-hand grip strength, F(4, 6309) = 7.56, p < 

.001, and seated push-up, F(4, 5494) = 29.29,  p < .001, scores. This trend for men was also 

evident for the timed sit to stand test, F(4, 821) = 7.99, p < .001, although this trend appears 

to plateau from 40 – 49 years to 60 – 69 years. For women, there were no age-related 

differences in the timed sit to stand, F(3, 434) = .68, p = .56, left-hand grip strength, F(4, 

3361) = .78, p = .54, and right-hand grip strength, F(4, 3298) = 1.86,  p = .11, scores. 

However, for the seated push-up test, F(4, 2688) = 17.91,  p < .001, there is an age-related 

decline similar to the men. Women’s partial sit-up scores age-related reductions were also 

statistically significant, F(4, 8492) = 7.54, p < .001. Although these scores are stable between 

20 and 39 years, the older age bands have statistically significantly lower scores. However, 

it should be noted that the actual difference between the youngest and oldest age bands is 

approximately three partial sit-ups.  

The proportion of men and women being referred for education based on their strength 

scores are presented in Table 3. A 4 x 2 chi-square test of independence analysis was used to 

determine whether the proportion of SOI participants referred for education in each age 

band differed by sex. There was a statistically significant overall effect for the model, χ2 = 

29.36, df = 4, p < .001. For 14 of the 20 age-band comparisons, women were referred for 

education statistically significantly more often than men (see Table 3). A high proportion of 

women (89%) and men (94%) passed the seated push-up test. Mean scores for women who 

passed vs. failed the seated push-up test were: grip strength 35.8kg vs. 34.2 kg, partial sit-

ups 27.8 vs. 24.1, and timed sit to stand test 18.4s vs. 20.6s. Scores for men who passed vs. 

failed were: grip strength 43.7kg vs. 40.6 kg, partial sit-ups 29.8 vs. 24.7, and timed sit to 

stand test 17.4s vs. 20.7s.  
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Table 1. Mean scores by age band for each strength test and independent t-test sex-based differences. 1 

   Male  Female   

Age 

group 

Variable n Mean SD Min Max  n Mean SD Min Max P d 

20–29 y Timed sit to stand test  536 17.4   5.7 8 53  252 19.4 6.7 8 55 < .001 0.32 

 Sit-up test 8,822 22.9    4.4 0 25  4,670 21.9 5.4 0 25 < .001 0.20 

 Grip strength - Right  3,572 51.9     24.4 1 113  1,794 33.9 14.9 2 69 < .001 0.89 

 Grip strength - Left 3,606 50.0     23.9 1 113  1,841 32.8 15.0 1 69 < .001 0.86 

 Seated push-up test 3,230 18.3   4.4 0 20  1,592 16.2 6.2 0 20 < .001 0.39 

30–39 y Timed sit to stand test 195 18.4   6.0 8 42  134 19.7 7.1 9 47 .060 0.20 

 Sit-up test 3,835 22.5     4.7 0 25  2,124 21.6 5.6 0 25 < .001 0.17 

 Grip strength - Right  1,454 51.6    24.5 2 112  814 35.4 16.1 3 70 < .001 0.78 

 Grip strength - Left 1,469 50.1   24.5 1 112  829 33.8 15.9 3 70 < .001 0.79 

 Seated push-up test 1,295 17.7   5.0 0 20  659 15.2 6.6 0 20 < .001 0.43 

40–49 y Timed sit to stand test 61 20.7    8.2 10 50  41 20 4.9 11 33 .632 0.10 

 Sit-up test 2,141 21.7     5.4 0 25  1,135 20.8 6.0 0 25 .003 0.16 

 Grip strength - Right  869 51.5    25.5 2 106  442 34.7 15.9 2 67 < .001 0.79 

 Grip strength - Left 877 49.4    25.2 3 106  442 33.3 15.6 2 66 < .001 0.77 

 Seated push-up test 724 17.2    5.5 0 20  296 14.2 7.2 0 20 < .001 0.47 

50–59 y Timed sit to stand test 25 21.4 6.8 13 43  11 22.3 14.2 10 60 .795 0.08 

 Sit-up test 689 20.2    6.5 0 25  460 20.7 6.2 0 25 .401 0.08 

 Grip strength - Right  275 46.3     23.0 2 99  203 33.5 15.1 1 60 < .001 0.66 

 Grip strength - Left 271 44.0     22.2 2 98  206 33.1 14.8 3 60 < .001 0.58 

 Seated push-up test 194 15.5     6.9 0 20  119 12.4 7.8 0 20 < .001 0.42 

60–69 y Timed sit to stand test 9 23.3 13.1 11 50  0     - - 

 Sit-up test 166 18.3     7.3 0 25  108 19.1 7.0 0 25 .185 0.11 

 Grip strength - Right  94 40.6   20.0 8 88  46 31.7 15.0 1 60 .008 0.50 

 Grip strength - Left 91  40.2  21.5 2 99  48 31.1 13.3 1 50 .008 0.51 

 Seated push-up test 56 14.2 7.1 1 20  27 11 8.9 0 20 .075 0.40 

 2 
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Table 2. Pairwise age-band comparisons in the test scores (post hoc Fisher-Hayter pairwise comparisons) and proportion (P-value from chi-squared test) of Special 3 
Olympics athletes referred for education (Ref Ed). 4 

   Timed Sit to Stand  Partial Sit-Up  Grip Strength  Seated Push-up 

Gender Comparison FH-test Ref Ed  FH-test Ref Ed  FH-test - Right FH-test - Left Ref Ed  FH-test  Ref Ed 

 Cat1 Cat2 Criterion    Criterion    Criterion  Criterion    Criterion   

   = 3.641 Sig. P  = 3.634 Sig. P  = 3.634 Sig. = 3.634 Sig. P  = 3.634 Sig. P 

Male 20–29y 30–39y 2.67  .060  3.75 ‡ <.001  0.46  0.17  <.001  5.22 ‡ .036 

 20–29y 40–49y 5.63 ‡ .008  9.99 ‡ <.001  0.60  1.04  <.001  7.57 ‡ .004 

 20–29y 50–59y 4.48 ‡ .025  14.00 ‡ <.001  5.17 ‡ 5.62 ‡ <.001  11.10 ‡ .002 

 20–29y 60–69y 4.08 ‡ .409  12.89 ‡ <.001  6.24 ‡ 5.40 ‡ .008  8.73 ‡ <.001 

 30–39y 40–49y 3.67 ‡ .212  6.23 ‡ <.001  0.20  1.04  .001  3.01  .320 

 30–39y 50–59y 3.26  .202  11.63 ‡ <.001  4.70 ‡ 5.44 ‡ .093  8.43 ‡ .059 

 30–39y 60–69y 3.37  .712  11.82 ‡ <.001  5.99 ‡ 5.36 ‡ .117  7.36 ‡ .001 

 40–49y 50–59y 0.65  .732  7.15 ‡ <.001  4.35 ‡ 4.53 ‡ .699  6.30 ‡ .262 

 40–49y 60–69y 1.71  .873  9.54 ‡ <.001  5.79 ‡ 4.85 ‡ .774  6.24 ‡ .004 

 50–59y 60–69y 1.17  .724  5.27 ‡ .004  2.75  1.81  .629  2.34  .056 

   Criterion 

= 3.647 

   Criterion 

= 3.634 

   Criterion 

= 3.635 

 Criterion 

= 3.635 

   Criterion 

= 3.636 

  

Female 20–29y 30–39y 0.68  .141  0.00  .019  3.24  2.11  .210  4.63 ‡ .436 

 20–29y 40–49y 0.74  .789  4.11 ‡ <.001  1.39  0.77  .039  6.91 ‡ .862 

 20–29y 50–59y 1.90  .746  4.41 ‡ <.001  0.51  0.40  .005  8.67 ‡ .439 

 20–29y 60–69y -  -  5.35 ‡ <.001  1.35  1.12  .087  5.85 ‡ .893 

 30–39y 40–49y 0.30  .267  3.70 ‡ <.001  1.06  0.81  .321  3.19  .690 

 30–39y 50–59y 1.64  .572  4.18 ‡ .021  2.22  0.76  .039  6.12 ‡ .749 

 30–39y 60–69y -  -  5.28 ‡ .002  2.23  1.69  .154  4.69 ‡ .932 

 40–49y 50–59y 1.36  .651  1.43  .541  1.32  0.13  .205  3.56  .569 

 40–49y 60–69y -  -  3.82 ‡ .140  1.78  1.34  .290  3.47  .945 

 50–59y 60–69y -  -  2.85  .088  1.00  1.20  .704  1.46  .816 

Note: FH-test = Fisher-Hayter pairwise comparison test with q set at 0.05. ‡ = values above the criterion value.  5 
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To determine whether the proportion of SOI participants referred for education differed 

by age band, a series of 2 x 2 chi-square test of independence analyses were conducted. The 

outcome of each sex-based pairwise comparison of rates of referral has been presented in 

Table 3. Among the men, the rate of referral for the timed sit to stand test and the seated 

push-up test was generally higher among those 40+ years. Although the rate of referral for 

the partial sit-ups test increased with age, referral for grip strength decreased with age. 

Similar to the men, the rate of referral for education for the partial sit-up test increased 

steadily with age among the women. However, contrasting with the men, the rate of referral 

for education for the timed sit to stand test and grip strength did not differ by age band, and 

referral for the seated push-up test decreased with age. 

Table 3. Proportion of men and women referred for education for each screen test and chi-squared 
comparison results. 

Test, age, (n screened) Male Female   

 % N % N p V 

Timed sit to stand test       

All (n = 1,264) 24.5 202 33.6 147 .001 .097 

20 – 29y (n = 788) 21.1 113 31.4 79 .002 .112 

30 – 39y (n = 329) 27.7 54 38.8 52 .034 .117 

40 – 49y (n = 102) 36.1 22 29.3 12 .475 .071 

50 – 59 y (n = 36) 40.0 10 36.4 4 .837 .034 

60 – 69y (n = 9) 33.3 3 - - -  

Partial sit-up test       

All (n = 24,150) 30.5 4,781 37.8 3,211 < .001 .074 

20 – 29y (n = 13,492) 26.3 2,319 35.0 1,633 < .001 .091 

30 – 39y (n = 5,959) 31.1 1,191 37.9 805 < .001 .070 

40 – 49y (n = 3,276) 38.3 820 45.4 515 < .001 .069 

50 – 59 y (n = 1,149) 50.4 347 43.7 201 .027 .065 

60 – 69y (n = 274) 62.7 104 52.8 57 .105 .098 

Grip strength test       

All (n = 10,025) 43.9 2,866 19.9 696 < .001 .240 

20 – 29y (n = 5,603) 47.6 1,762 21.6 411 < .001 .252 

30 – 39y (n = 2,387) 42.1 643 19.5 168 < .001 .229 

40 – 49y (n = 1,381) 35.5 324 17.3 81 < .001 .189 

50 – 59 y (n = 505) 36.8 104 13.5 30 < .001 .261 

60 – 69y (n = 149) 34.0 33 11.5 6 .003 .238 

Seated push-up test       

All (n = 27,905) 6.3 1,131 10.5 1,051 < .001 .081 

20 – 29y (n = 15,215) 5.8 569 10.4 557 < .001 .091 

30 – 39y (n = 6,852) 6.6 288 10.9 273 < .001 .082 

40 – 49y (n = 3,914) 7.1 179 10.1 141 .001 .061 

50 – 59 y (n = 1,520) 7.8 68 10.1 65 .116 .054 

60 – 69y (n = 404) 11.0 27 9.4 15 .610 .030 
V = Cramer’s V 

Discussion 

Age-related differences 

The first hypothesis, that strength would decrease with age, was generally supported. 

Men showed statistically significant age-related decline in all four strength variables, 

although the trend for timed sit to stand test scores was less consistent. Men in the two 

youngest age-bands had faster timed sit to stand scores compared to older men, but this 

appeared to plateau from 40 years of age onward. Women also displayed significant age-

related declines in partial sit-up and seated push-up, but not for timed sit to stand or grip 

strength. Although the proportion of men and women referred for education related to the 
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seated push-up was relatively small (5.8 – 11.0% for men and 9.4 – 10.9% for women), it is 

important to note that the cut-off for referral (5 second body support) has clinical 

significance in terms of preventing ulcers by relieving pressure on the skin (Kosiak & Kottke, 

1990). This may become increasingly important as the athletes increase in age.  

The findings for the timed sit to stand test in this study contrast somewhat with timed 

sit to stand scores established among healthy individuals screened for systemic disease 

(symptomatic arthritis, severe obstructive lung disease, symptomatic angina, 

uncompensated congestive heart failure, morbid obesity, or other systemic disease), where 

there is a consistent age-related decline (Csuka & McCarty, 1985). The lack of a consistent 

age-related decline in this study may, in part, reflect the large difference in actual times 

between the Csuka and McCarty study and the present study. For example, times for males 

aged 20 – 30 years old in the Csuka and McCarty study ranged from 8.8 – 10.8 seconds, 

whereas the mean time for men from SOI HAS, in the present study, aged 20 – 29 years was 

17.4 seconds. Thus, it is perhaps not surprising that approximately one-quarter of the men 

and one-third of the women in the younger age bands were referred for education because 

their performance on the timed sit to stand test was greater than 20 seconds. Additionally, 

age-related decreases in the timed sit to stand test performance were observed among the 

men, particularly comparing the youngest age band (20 – 29y) with the two oldest age bands 

(50 – 59y and 60 – 69y). Although the trend among women was for poorer performance on 

the timed sit to stand test with age, these differences were not statistically significant, 

additionally there were no women in the oldest age band of 60 – 69 years old for this test.  

Compared to multinational grip strength normative values for the general population 

derived from 12 studies in 5 countries (Bohannon et al., 2006), men in this global sample of 

Special Olympics athletes had generally comparable age-related scores. However, the age-

related decline in grip strength seen in the female general population and among adults with 

ID (Bohannon et al., 2006; Cuesta-Vargas & Hilgenkamp, 2015) was not evident among the 

women in this study. Because the Special Olympics women’s grip strength scores across the 

age bands was relatively stable, but the multinational normative grip strength scores 

declined with age, there was divergence in grip strength among the two oldest age bands.  

In other words, among women aged 60 – 69 years, the difference was approximately 5kgs in 

favour of the Special Olympics athletes. It is possible this represents a positive outcome of 

engaging in sports as women age or that women who are stronger at an older age continue 

to play sport. The proportion of women referred for education for grip strength in this study 

was relatively low compared to rates of referral related for the timed sit to stand and partial 

sit-up scores. These findings suggest that in this global sample of female Special Olympics 

athletes, hand and forearm strength were quite high. Considerably higher compared to a 

sample of n = 801 Spanish Special Olympics athletes (Cuesta-Vargas & Hilgenkamp, 2015) 

for both men and women in comparable age bands. It is possible that the inclusion of 

participants across a range of country economic statuses influenced this finding. Santarossa 

and colleagues (2017) found that female Special Olympics athletes from low-income and 

high-income had statistically significantly higher grip strength scores than Special Olympics 

athletes from lower- and upper middle income countries. This may reflect the structure of 

household and work-related tasks requiring grip and upper body strength that participants 

engaged in differing levels of economy (Popkin, 2002), it may reflect differing access to 

strength and conditioning activities in countries included in this sample, or both of those 

factors.  

Abdominal muscle strength as assessed by the partial sit-up test in this study showed a 

small, but steady and significant, decline with increasing age for both men and women along 

with high rates of referral for education. This is of particular concern, as lower trunk muscle 
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strength is associated with poor balance and functional performance, and a higher rate of 

falls in older adults (Granacher et al., 2013) and reduced athletic functioning (Kibler et al., 

2006). Importantly, trunk muscle strength can be improved considerably with core strength 

training (Granacher et al., 2013). Therefore, the identification of the need for intervention 

through this screening and the associated high rates of referral has the potential to 

favourable impact important health outcomes. However, we do not know whether there was 

follow-through on these referrals or whether there were subsequent improvements in core 

muscle strength. Additional follow-up and applied research on the effect of referrals on local 

level Special Olympics Programs and families are needed.  

Sex-based differences 

Our second hypothesis was that men would be stronger than women. On the whole, this 

hypothesis was supported, particularly within the younger age bands. All of the strength 

measures were higher for men in the youngest two age bands. In addition, partial sit-up, grip 

strength, and seated push-up scores were statistically significantly higher for men in the next 

age band (i.e., 40 – 49 years), and this trend continued for partial sit-up and grip strength 

to 50 – 59 years, and for the oldest age-band for grip strength. It appears that there is some 

convergence in the strength scores between men and women with increasing age.  

In the general population timed sit to stand scores for men are uniformly faster than for 

women (Csuka & McCarty, 1985). In our study, this type of sex-related difference was only 

evident for Special Olympics athletes aged 39 years old and younger for the timed sit to stand 

test, and for partial sit-up, younger than 50 years of age. Similar to other research with the 

general population (Bohannon et al., 2006) and with individuals with ID (Cuesta-Vargas & 

Hilgenkamp, 2015), men had higher grip strength scores than women. The actual scores for 

women in this study appear to be much higher when compared with younger Special 

Olympics athletes from Spain (Cuesta-Vargas & Hilgenkamp, 2015), older adults with ID 

from the Netherlands (50 – 59y and 60 – 69y) (Cuesta-Vargas & Hilgenkamp, 2015), and 

older adults residing in residential care centre in Israel (Carmeli et al., 2012). Relatedly, 

despite having statistically significantly and substantially lower grip strength scores 

compared to male Special Olympics athletes, women were less often referred for education 

for poor grip strength. It would be useful to examine whether the women’s grip strength 

scores, which appear to be relatively positive compared to other women, are functionally 

relevant in terms of performing household and work-related tasks and sports activities. This 

would also inform Special Olympics about whether the cut-off point for referral for 

education for women is adequate.     

Limitations and future directions 

This study was delimited to the SOI HAS database. Along with study strengths, such as 

the large sample size and directly measured strength, comes several limitations. Foremost, 

information such as the etiology of ID, levels of support needed, medication use, 

comorbidities, associated health conditions, and living, working, and fitness training 

arrangements were not part of the available FUNfitness data. Therefore, we were not able to 

examine interactions between these factors or potential explanations of patterns that we 

observed. Individual’s health behaviours and outcomes do not exist in a vacuum (Cottrell et 

al., 2018), and consideration of the larger social system of influences on functional strength 

is important for future research. In addition, although the validity of the test items and 

reference values for comparisons with functional and health outcomes has been examined 

to some extent, further validation work is warranted. Concurrent validation of each measure 

in the test battery across many demographics (e.g., sex, age, ethnicity, and etiology) and any 

effect of using different handgrip dynamometers for grip strength would be valuable. 
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Recently, Oppewal and Hilgenkamp (2020) published a conceptual paper with ideas for a 

fitness test battery for older adults with ID based on what is already validated. A conceptual 

synthesis and critique of strength measures suitable for the breadth of Special Olympics 

community would be useful. Recently, Van Bisen and Pineda examined the test-retest 

reliability of Special Olympics FUNfitness strength and balance items and found that these 

measures “demonstrated good test-retest reliability, stable responsiveness, no differences 

between test and retest performance, and no major systematic bias” (Van Biesen & Pineda, 

2019, p. 5) when examined in standardized conditions. However, it would be valuable for 

Special Olympics and the research community to establish the efficacy of the current training 

on volunteers’ abilities to accurately and reliably administer the FUNfitness test battery in 

less standardized contexts.  

Perspectives 

As hypothesized, males were stronger than females, muscular strength generally 

decreased with age, and the rate of referral for education increased with age. Compared with 

published data for individuals without an ID, grip strength scores were similar, but timed sit 

to stand and sit-up scores were low. Poor abdominal and leg strength are associated with 

adverse health and functional outcomes. These outcomes include difficulty walking and 

taking the stairs, poor balance and increased risk of falls, and back pain. As with the general 

population, individuals with an ID need good muscular strength as a component of their 

health-related fitness; with special attention to falls prevention. This study shows that the 

Special Olympics Healthy Athletes screenings identified individuals with low strength. What 

we do not know is whether there was follow-up at the local level or whether there was 

associated intervention to improve aspects of muscular strength. This is important because 

strength is a modifiable aspect of physical health for all ages.  
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