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Abstract
It is difficult to distinguish between the effects of age and physical activity level in the functional fitness level of older adults. The objective of this study was to determine the effects of age and physical activity level on some functional fitness parameters in community-dwelling older adults.Two hundred twenty-nine elderly (111 female; 118 male) aged between 65–87 years living in the Balçova municipality region were divided into two groups: the young elderly (65–69 years old) and the elderly (70 years old or over). The “seven-day physical activity recall questionnaire” was used to estimate physical activity level (PAL). The functional fitness evaluation included the body mass index (BMI), the lower body strength (LBS), the dynamic balance, and the aerobic endurance. The young elderly were significantly worse with regard to BMI and significantly better with regard to LBS, dynamic balance, and aerobic endurance than the elderly; in contrast, PAL did not affect any of the functional fitness parameters. The young elderly showed worse BMI than the elderly when the age groups were less active. The young elderly showed better LBS and dynamic balance than the elderly when the age groups were more active. The young elderly showed significantly better aerobic endurance than the elderly in both the less and more active age groups. This study confirms that age affects functional fitness, whereas PAL generally does not. However, being more active is advantageous for the young elderly with regard to BMI, LBS, and dynamic balance.
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Background
When used to describe older adults, the term “functional fitness” is usually used instead of “physical fitness”. Functional fitness is defined as a sufficient physical fitness level to manage daily living activities safely and independently without fatigue [1, 2]. The disability model needs to be known in order to understand functional fitness. This model posits only pathology or disease as reasons for poor functional fitness; recently, however, inactivity and disuse have been added as additional reasons [2].
A decline in functional capacity (strength, endurance, agility, and flexibility) is seen with advancing age and causes difficulties in daily living activities. Furthermore, older adults tend to be less active with advancing age, although it is well-known that physical activity is important for independent living, prevention of chronic health problems, and quality of life [4, 5]. Although functional losses (e.g., such as difficulties in walking, carrying packages, and climbing stairways) are related to aging, Brill PA stated that these losses are also affected by physical inactivity [5]. Insufficient activity causes a decrease in cardiovascular conditioning and exercise capacity, disuse atrophy, and sometimes cellular loss [1].
An active lifestyle is important in preventing decreases in functional capacity (and, indirectly, quality of life) with age. Westerterp KR stated that the aging process is slower in some older adults. His review suggests that physical activity may provide one explanation for this. He also stated that an individual’s most recent physical activity level (PAL) is more important than one from 5 years prior. Increasing PAL in later life has important effects, whereas returning to a past PAL causes regression in physical capacity [6]. Therefore, public health policies and research concentrating on PAL decreases with age have recently gained importance [3]. Many studies have confirmed the benefits of physical activity and exercise in older adults, such as adaptive improvements in functional capacity, cardiac and muscular reserves, and motor control and coordination [1, 7, 8].
Cohort studies prove that a regular, active lifestyle may slow down the decrease in mobility performance. Brach JS et al. demonstrated a significant relation between physical activity during a 14-year period and current functional status in older women. Therefore, physical activity has a significant role in maintaining functional capacity [9]. Buchman AS et al. hypothesized that regressions in motor function related to aging could be altered with physical activity. After 8 years of follow-up research, this researcher concluded that each additional hour of physical activity at baseline was associated with about a 5% decrease in the rate of motor function decline [10]. McGuire DK stated that inactivity has a more severe destructive effect than aging [11].
In addition to age, lessening of physical activity also contributes to the decline in functional capacity. Therefore, it is difficult to distinguish between the effects of age and PAL on functional fitness in older adults [12, 13]. In this study, the objective was to determine the effects of age and PAL on functional fitness parameters in community-dwelling older adults, regardless of chronic health status.

Methods
Subjects
The subjects were recruited from older adults living in the Balçova municipality region. The address records of older adults aged 65 years and over were obtained from the local administrations of each distinct of the Balçova region with the permission of the governorship. All of the older adults were visited at their addresses and given information about the study. Older adult volunteers who fit the inclusion criteria were evaluated.
The inclusion criteria were: aged between 65–90 years, physically independent (able to walk 20 meters without assistance or resting), absence of cognitive disorder or dementia, attaining at least 24 points for educated and 18 points for non-educated subjects on the mini mental state evaluation [14], not being in the recovery period for an acute illness, and absence of blindness or deafness. Additionally, older adults with any cardiac disorders such as resting angina, recurrent heart failure, recurrent/uncontrolled arrhythmia, or recent uncontrolled hypertension were excluded.
A total of 3,939 older adults were visited at home in order to provide information for this study. In all, 673 older adults were recorded as volunteers. Of these, 261 subjects came to the assessment after the phone call. Because of their health status, 32 subjects were removed from consideration before the assessment. Data from 229 participants were used for analysis.
Informed consent was obtained immediately prior to data collection. The Ethics Committee of the Dokuz Eylül University approved the study protocol.

Procedure
After the subjects were informed about the assessments, demographics related to age, sex, body mass index (BMI), medical history (chronic health status number), smoking habits, and other characteristics were recorded. The same physiotherapist carried out all assessments.
The seven-day physical activity recall questionnaire (7Day PARQ) was used to estimate the PAL of the individuals [15–18]. The interview-administered questionnaire takes 10–15 min to complete. Participants are asked about the number of hours spent on sleep (1.0 MET) and moderate (4.0 MET), hard (6.0 MET), and very hard (10.0 MET) activities during the last 7 days. Examples of activities in each category are provided, and the activities are recorded for weekend days and weekdays separately. The remaining amount of time is noted as time spent doing light activities. Thus, the total weekly or daily kilocalories or kilocalories/kilogram expenditure can be estimated. In this study, we used kilocalories/kilogram/day (kcal/kg/day).
The functional fitness evaluation included the body mass index in kilograms per meter square of height (BMI, kg/m2), the “30-second chair stand test” for lower body strength (LBS), the “8-feet up-and-go test” for agility/dynamic balance, and the “6-minute walk test” (6MWT) for aerobic endurance, as described in the “Older adult fitness battery/The senior fitness test” by Rikli and Jones [2, 19–21]. The number of full stands with arms crossed on chest completed in 30 s was recorded for the 30-second chair stand test (number/30 s). The test began with the subject seated with their back straight and feet flat on the ground in the middle of a chair with a height of 17 in. The test began on the go signal. If the subject was more than halfway up at the end of 30 s, this was counted as a full stand. In the 8-feet up-and-go test, the time required getting up from a seated position, walk 8 feet, turn, and return to the seated position was recorded in seconds (s). A chair without arms and a cone positioned at the end of the 8-foot distance from the chair were used for this test. The subject was seated in the chair with their hands on their thighs and their feet flat on the floor. On the go signal, the subject was instructed to walk as quickly as possible (without running) around the cone and back to the chair. A stopwatch was started with the go signal and stopped when the subject was seated with an erect posture. Before both tests, a demonstration was performed by the tester; the subject completed one or two practice trials. The 6MWT took place in a hospital corridor. The total 6-minute walk distance (6MWD) covered during the 6 min was recorded in meters (m). Before the subjects began the 6MWT, the following standard explanation was provided: "walk as quickly as you can along the corridor for 6 min to cover as much ground as possible. You may stop if you have to, but continue again as soon as you are able to". Standardized encouragement was provided every 30 s during each 6MWT with the following phrases: “you’re doing well” and “keep up the good work”. A stopwatch was used to measure the walking time.

Statistical analysis
The statistical analysis was done with the consultation of a specialist in the department of community medicine. We used the Statistical Package for Social Sciences (SPSS 11.0 version) for statistical analysis. Some demographic data (age, BMI, PAL) are shown as means with standard deviations (means ± SD), and minimum–maximum values have been added. Other demographic characteristics are given as numbers and percentages.
The relationships between functional fitness and age or PAL were evaluated via Mantel–Haenszel chi-square analysis using “Statcalc, Epi Info Version 6” [22].The subjects were divided into two groups with regard to age, physical activity level, and functional fitness. The two age groups were the subjects aged between 65–69 years (the young elderly) and aged 70 years or over (the elderly). The subjects were divided into two groups (“less active” and “more active”) according to the mean physical activity level of overall study sample. Mean values were calculated separately for women and men. The less active group included subjects below the mean physical activity level of the same sex, and the more active group included subjects above the mean value of the same sex. The same procedure was used for dividing subjects according to scores in the “30-second chair stand test”, “8-feet up-and-go test”, and “6-minute walk test”; these groups are referred to as “poor” and “good”. The mean value was used for division because the data have parametric features. The BMI ratings from the National Heart, Lung, and Blood Institute of the National Institutes of Health were used to divide the older adults’ BMI into poor (out of the normal range) and good (within the normal range:18.5–24.9 kg/m2) groups. The level of significance was accepted at 0.05 for each analysis [23].


Results
Data from 229 participants were used for analysis. A total of 18 participants did not take the 6MWT because of high blood pressure measured before the test; the other functional tests were applied to 229 participants. Participants’ demographic and other characteristics are summarized in Table 1.
Table 1Characteristics of the study sample


	Characteristic
	Mean ± SD (min–max)
	Number (percentage)

	Age (year)
	70.4 ± 4.3 (65–87)
	 
	Body mass index (kg/m2)
	27.8 ± 4.5 (17.5–39.6)

	Physical activity level (kcal/kg/day)
	35.3 ± 2.7 (32–51)

	Sex
	Female
	 	111 (48.5)

	Male
	118 (51.5)

	Marital status
	Married
	180 (78.6)

	Single
	49 (21.4)

	Occupation
	Housewife
	 	81 (35.4)

	Retired
	139 (60.7)

	Retired–working
	9 (3.9)

	Education
	Illiterate
	 	18 (7.9)

	Literate
	17 (7.4)

	Primary school
	92 (40.2)

	Middle school
	22 (9.6)

	High school
	51 (22.3)

	College
	29 (12.7)

	Number of people living with at home
	Alone
	 	25 (10.9)

	With one person
	135 (59.0)

	With 2 or more people
	69 (30.1)

	Chronic health status
	0
	 	22 (9.6)

	1
	43 (18.8)

	2
	64 (27.9)

	3
	48 (21.0)

	4/over
	52 (22.7)

	Smoking history
	Never smoked
	 	110 (48.0)

	Past smoker
	83 (36.2)

	Current smoker
	36 (15.7)




                     
In the distribution of subjects’ chronic health status, 144 participants had musculoskeletal, 21 respiratory, 56 cardiovascular, 14 digestive system, 25 renal, bladder and urinary system, eight neurological, 24 mental or emotional, three blood, and 18 eye problems. Five patients had a history of cancer, 120 had hypertension, and 43 were diabetic.
The functional fitness levels of all subjects are given in Table 2. The effects of age and PAL on functional fitness parameters were investigated separately (Tables 3, 5, and 4).
Table 2Functional fitness of the study sample


	Functional fitness
	 
	Number
	
                                          [image: $$ \overline X $$]±SD
	Min–max

	BMI (kg/m2)
	 	229
	27.8 ± 4.5
	17.5−39.6

	Strength (number/30 s)
	Lower extremity
	229
	11.7 ± 2.6
	5−20

	Upper extremity
	229
	14.8 ± 3.2
	5−24

	Dynamic balance (s)
	 	229
	7.6 ± 1.7
	4.3−13.1

	Aerobic endurance (m)
	 	211
	452.2 ± 76.5
	261−648




                        Table 3Effect of age on functional fitness parameters


	Age
	BMI
	LBS
	Dynamic balance
	Aerobic endurance

	Poor n (%)
	Good n (%)
	Poor n (%)
	Good n (%)
	Poor n (%)
	Good n (%)
	Poor n (%)
	Good n (%)

	Elderly
	72 (67.9)
	34 (32.1)
	61 (57.5)
	45 (42.5)
	57 (53.8)
	49 (46.2)
	65 (67.7)
	31 (32.3)

	Young elderly
	99 (80.5)
	24 (19.5)
	49 (39.8)
	74 (60.2)
	39 (31.7)
	84 (68.3)
	48 (41.7)
	67 (58.3)

	OR = 0.51 (0.27 < OR < 0.98), χYates2 = 4.11, p = 0.04*
	OR = 2.05(1.17 < OR < 3.60), χYates2 = 6.46, p = 0.01*
	OR = 2.51 (1.41 < OR < 4.46), χYates2 = 10.50, p = 0.00*
	OR = 2.93(1.60 < OR < 5.37), χYates2 = 13.16, p = 0.00*


*p < 0.05



                        Table 4Effect of physical activity level on functional fitness parameters


	PAL
	BMI
	LBS
	Dynamic balance
	Aerobic endurance

	Poor n (%)
	Good n (%)
	Poor n (%)
	Good n (%)
	Poor n (%)
	Good n (%)
	Poor n (%)
	Good n (%)

	Less active
	104 (75.4)
	34 (24.6)
	70 (50.7)
	68 (49.3)
	64 (46.4)
	74 (53.6)
	67 (54.5)
	56 (45.5)

	More active
	67 (73.6)
	24 (26.4)
	40 (44.0)
	51 (56.0)
	32 (35.2)
	59 (64.8)
	46 (52.3)
	42 (47.7)

	OR = 1.10 (0.57 < OR < 2.10), χYates2 = 0.02, p = 0.89
	OR = 1.31(0.75 < OR < 2.31), χYates2 = 0.75, p = 0.39
	OR = 1.59 (0.89 < OR < 2.86), χYates2 = 2.39, p = 0.12
	OR = 1.09 (0.61 < OR < 1.96), χYates2  = 0.03, p = 0.86




                     
Age showed a statistically significant effect on BMI, LBS, dynamic balance, and aerobic endurance. The young elderly had significantly worse BMIs than the elderly, whereas the young elderly were significantly better with regard to LBS, dynamic balance, and aerobic endurance than the elderly. There was no significant effect of PAL on these parameters (Tables 3, 4).
In order to further understand the cause of the age effect on functional fitness, the effects of age on functional fitness were also investigated separately in less active and more active groups of subjects.
When age groups were arranged according to PAL stratification, the young elderly had significantly worse BMI than the elderly in the less active group. In contrast, there were no statistically significant differences in BMI between the young elderly and the elderly in the more active group. The generalized Mantel–Haenszel test showed that the young elderly had significantly worse BMIs than the elderly (Table 5).
Table 5Effect of age on body mass index in the less and more active groups


	BMI

	PAL and age
	Poor n (%)
	Good n (%)
	Total n (%)

	Less active

	Elderly
	42 (65.6)
	22 (34.4)
	64 (100.0)

	Young elderly
	62 (83.8
	12 (16.2)
	74 (100.0)

	OR = 0.37 (0.15 < OR < 0.89), χYates2  = 5.16, p = 0.02*

	More active

	Elderly
	30 (71.4)
	12 (28.6)
	42 (100.0)

	Young elderly
	37 (75.5)
	12 (24.5)
	49 (100.0)

	OR = 0.81 (0.29 < OR < 2.28), χYates2 = 0.04, p = 0.84

	Total OR = 0.51; MH weighted OR = 0.52, CI = 0.27 < MHOR < 0.98; χMH2 = 4.08, p = 0.04*


*p < 0.05



                     
When age groups were arranged according to PAL stratification, the young elderly had significantly better LBS than the elderly in the more active group. In contrast, there were no statistically significant differences in LBS between the young elderly and the elderly in the less active group. The generalized Mantel–Haenszel test showed that the young elderly, when more active, had significantly better LBSs than the elderly (Table 6).
Table 6Effect of age on LBS in the less and more active groups


	LBS

	PAL and age
	Poor n (%)
	Good n (%)
	Total n (%)

	Less active

	Elderly
	37 (57.8)
	27 (42.2)
	64 (100.0)

	Young elderly
	33 (44.6)
	41 (55.4)
	74 (100.0)

	OR = 1.70 (0.82 < OR < 3.54), χYates2  = 1.90, p = 0.17

	More active

	Elderly
	24 (57.1)
	18 (42.9)
	42 (100.0)

	Young elderly
	16 (32.7)
	33 (67.3)
	49 (100.0)

	OR = 2.75 (1.08 < OR < 7.10), χYates2 = 4.56, p = 0.03*

	Total OR = 2.05; MH weighted OR = 2.05, CI = 1.17 < MHOR < 3.61; χMH2 = 6.42, p = 0.01*


*p < 0.05



                     
When age groups were arranged according to PAL stratification, the young elderly had a significantly better dynamic balance than the elderly in both PAL groups (lower significance in the less active group, p = 0.046; Table 7).
Table 7Effect of age on dynamic balance in the less active and more active groups


	PAL and age
	Dynamic balance

	Poor n (%)
	Good n (%)
	Total n (%)

	Less active

	Elderly
	36 (56.3)
	28 (43.8)
	64 (100.0)

	Young elderly
	28 (37.8)
	46 (62.2)
	74 (100.0)

	OR = 2.11 (1.01 < OR < 4.43), χYates2  = 3.97, p = 0.046*

	More active

	Elderly
	21 (50.0)
	21 (50.0)
	42 (100.0)

	Young elderly
	11 (22.4)
	38 (77.6)
	49 (100.0)

	 	OR = 3.45 (1.28 < OR < 9.47), χYates2  = 6.37, p = 0.01*

	Total OR = 2.51; MH weighted OR = 2.53, GA = 1.42 < MHOR < 4.53; χMH2 = 10.56, p = 0.00*


*p < 0.05



                     
When age groups were arranged according to PAL stratification, the young elderly had significantly better aerobic endurance than the elderly in both PAL groups (Table 8).
Table 8Effect of age on aerobic endurance in the less and more active groups


	PAL and age
	6 MWD

	Poor n (%)
	Good n (%)
	Total n (%)

	Less active

	Elderly
	37 (68.5)
	17 (31.5)
	54 (100.0)

	Young elderly
	30 (43.5)
	39 (56.5)
	69 (100.0)

	OR = 2.83 (1.26 < OR < 6.41), χYates2  = 6.68, p = 0.01*

	More active

	Elderly
	28 (66.7)
	14 (33.3)
	42 (100.0)

	Young elderly
	18 (39.1)
	28 (60.9)
	46 (100.0)

	OR = 3.11 (1.19 < OR < 8.22), χYates2  = 5.61, p = 0.02*

	Total OR = 2.93; MH weighted OR = 2.94, CI = 1.61 < MHOR < 5.42; χMH2  = 13.15, p = 0.00*


*p < 0.05



                     

Discussion
The effects of age and PAL on functional fitness in older adults were investigated in our study. It is important that the Mantel–Haenszel analysis was used to interpret the effects of both age and PAL on functional fitness. A total of 229 older adults were enrolled in the study because most of the 3,939 older adults living in the Balçova municipality region were not willing to participate in the study. Therefore, the study sample was small and it was one of the study limitations. Many assessment methods have been developed to evaluate PAL during the last three decades. It is difficult to evaluate PAL because of its variable components, such as type, frequency, duration, and intensity. Additionally, activity level based on habits can vary during the day, week, and year [24]. The 7Day PARQ, which has been suggested as a practical and short survey in older adults, was used to assess their PALs [18]. The PAL was calculated as the daily energy consumption per kilogram in units of kilocalories in order to prevent the PAL from seeming higher in older adults weighing more.
While it does not aim to improve physical fitness, physical activity has benefits related to health. Exercise, as a subclass of physical activity, also provides maintenance and improvement of functional fitness [3, 25]. Brach JS et al. also emphasized that any type of physical activity is better than no activity [26]. The PAL was evaluated as moderate, hard, and very hard without separation for exercise in our study. The PAL could be evaluated do include only activities like exercise when considering the effects of age and PAL on functional fitness; exercise habits would then be as effective as age on functional fitness. It may also be thought that the evaluation of intensity (especially vigorous) rather than duration is required to determine the effect of PAL on functional fitness [27]. There were only ten older adults who engaged regularly in vigorous activity in our study. It is not possible for each older adult to participate in exercise or to have enough energy for vigorous exercise, although they have active life style. Thus, the effect of total PAL on functional fitness could be interpreted with our results.
According to the general analysis in our study, the young elderly have significantly worse BMIs than the elderly. However, PAL does not affect BMI. Through further analysis, we found that the lower activity levels of the young elderly caused the young elderly to have a worse average BMI than the elderly. Therefore, we suggest that the young elderly would have better BMIs if they were more active.
Visser M et al. reported a decrease in total physical activity and mobility performance (6-meter walk, chair sit, and stand up tests) for 2,109 subjects (55–85 years old) 3 years later. The rate speed of mobility decrease was slowed by regular lifestyle activity. It is also emphasized that higher levels of both sporting and nonsporting (e.g., household work, walking) activities are associated with smaller decreases in mobility performance, regardless of the presence of chronic disease [28]. Our study also revealed that the lower body strength of the young elderly, as assessed by the chair sit- and stand-up test, is better than that of the elderly. However, further analysis showed that this trend was caused primarily by the more active the young elderly. Thus, PAL has important an effect on LBS that was hidden in our general analysis.
Steffen TM et al. investigated the relationship between dynamic balance and aerobic endurance with age and sex. When they compared groups of subjects in the three decades between 60 and 89 years, they found that average performance tended to decrease due to age in both sexes [28]. In parallel to this, the elderly in our study had significantly worse dynamic balance and aerobic endurance than the young elderly. Aging is one of the reasons for worsening dynamic balance and aerobic endurance. When age groups were arranged according to PAL stratification in our study, the difference between the young elderly and the elderly was negligible in the less active group (p = 0.046); in contrast, the difference was statistically significant in the more active group (p = 0.01). Thus, it seems that the more active the young elderly caused the young old group to exceed the old group with regard to dynamic balance.
These findings are important, because they show that PAL in addition to age may affect functional fitness parameters like BMI, LBS, and dynamic balance.
McGuire DK et al. assessed the VO2max values of five subjects (50–51 years old) before and after 3 weeks of bed rest in 1966, after 8 weeks of training after the bed rest, and after 6 months of training 30 years later. These authors found that the VO2max levels after 6 months of training reached the VO2max levels assessed before the 3 weeks of bed rest; however, no patients reached their posttraining values from 1966 [10]. This study reveals the simultaneous effects of both age and physical activity on the cardiovascular system. Thus, the effect of 3 weeks of bed rest is worse than the effect of three decades of aging. We found that the young elderly, regardless of their activity level, demonstrated better aerobic endurance than the elderly. This difference may arise, because aerobic endurance requires more effort than the other functional fitness parameters. Therefore, the young elderly have better aerobic endurance than the elderly regardless of PAL.

Conclusion
Whereas BMI improves with aging, lower body strength, dynamic balance, and aerobic endurance worsen in the older population. Generally, PAL does not seem to affect these parameters; however, further analysis revealed that being more active is advantageous for the young elderly with regard to BMI, lower body strength, and dynamic balance.
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