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Abstract 

Background: Physical activity reduces the likelihood of developing metabolic syndrome (MetS). 

However, the association between different physical activity levels and MetS remains unclear in 

older adults with obesity. Methods: This cross-sectional study used four waves of data (2007-

2008, 2009-2010, 2011-2012, 2013-2014) from two datasets: The National Health and Nutrition 

Examination Survey and United Sates Department of Agriculture’s Food Patterns Equivalents 

Database. The sample included adults 60+ years of age (n= 613) with obesity who had physical 

activity and MetS data.  Physical activity was assessed using the Global Physical Activity 

Questionnaire and categorized into three physical activity levels (low, medium, and high); and 

medium or high physical activity levels are aligned with or exceed current physical activity 

recommendations. Participants were classified as having MetS using a commonly agreed upon 

definition. Multiple logistic regression models examined the association between the three 

physical activity levels and MetS risk factors and MetS risk. All analyses adjusted for potential 

confounding variables and accounted for complex sampling. Results: Of 613 respondents, 72.1% 

(n=431) were classified as having MetS, and 44.3% (n = 263) did not met physical activity 

recommendations. Participants with high levels of physical activity had a lower risk of MetS 

(OR = 0.31, 95%CI: 0.13, 0.72) and more healthful levels of high-density lipoprotein cholesterol 

(OR = 0.39, 95%CI: 0.18, 0.84), blood pressure (OR = 0.39, 95%CI: 0.20, 0.77), fasting glucose 

(OR = 0.34, 95%CI: 0.15, 0.78) than participants categorized as having low physical activity. 

Conclusions: Physical activity was associated with lower risk of MetS only for participants with 

the highest level of physical activity, which suggests that physical activity dosage is important to 

reduce MetS risk in older adults with obesity. 

Keywords: Older adults, obesity, metabolic syndrome, physical activity  
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Introduction  

Currently 35.4% of adults aged 60+ years of have obesity (body mass index [BMI] ≥ 30 

kg/m2) (1).  Increasing age and obesity both contribute to metabolic syndrome (MetS) in older 

adults (2-4).  MetS, a predictor of cardiovascular mortality (2), is defined by the presence of at 

least three of the following risk factors: 1) elevated waist circumference, 2) elevated 

triglycerides, 3) low high-density lipoprotein cholesterol (HDL-C), 4) elevated blood pressure, 

and 5) elevated fasting glucose (4). The prevalence of MetS and obesity are increasing 

concurrently (5, 6).  About half (46.7%) of adults 60+ years have MetS (5), and it is estimated 

that nearly 80% of older adults with obesity have MetS (6). Research is needed to understand 

how to better address MetS in this population since rates of MetS are greatest among older adults 

with obesity (5, 6) and older adults are the fast-growing segment of the US population (7). 

Physical activity (PA) may prevent or reduce the MetS risk factors as well as the risk of 

MetS among adults (8-10). Older adults may respond to PA differently than younger adults given 

that aging-related function declines and various health conditions exist in the older adult 

population (11). Yet, research examining the relationship between PA and MetS among older 

adults is lacking (12), and the association between PA dose and MetS in older adults with obesity 

remains unclear. Furthermore, although physical function limitations may be a barrier to PA 

participation for all individuals with obesity (13) including older adults (14), the impact of 

physical function has not been considered in previous studies examining the association between 

PA and MetS in older adults with obesity. Therefore, the purpose of this study was to examine 

the association between different levels of PA participation and MetS risk factors and MetS in a 

representative sample of older adults with obesity independent of physical function limitations. 
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Methods 

Study Design 

The present study was a cross-sectional analysis of data from the National Health and 

Nutrition Examination Survey (NHANES) and United Sates Department of Agriculture’s Food 

Patterns Equivalents Database (USDA-FPED) from 2007 to 2014. Demographic and 

questionnaire data were collected at respondents’ homes. Examination and laboratory data were 

collected in the Mobile Examination Center (MEC) (15).  All data used for the present study 

were de-identified and are publicly available on the Centers for Disease Control and Prevention 

and USDA-FPED websites (15, 16).  

Analytic sample 

The sample was limited to respondents 60+ years of age (n=7522) with obesity (23.5%, 

n=1733) whose PA and MetS risk factors data were available. Respondents were excluded if 

they had physical function limitations and were physically inactive as defined by a zero-minute 

PA time (13, 15). Respondents were classified as having physical function limitations if they 

reported experiencing any of the following: difficulty or challenges in walking, standing, lifting 

and carrying things up to 10 pounds, stooping, crouching or kneeling, or that they used special 

equipment for walking (13).  In total, 662 respondents met study inclusion criteria, 49 (7.5%) of 

whom were excluded due to lack of PA and/or having physical function limitations, yielding a 

final analytical sample of 613 respondents.  

Physical activity  

PA during a typical week was assessed in three PA domains (work, travel, recreational) 

using the 16-item Global Physical Activity Questionnaire (17, 18).  PA time in each domain was 

expressed in minutes and summed to create minutes of moderate to vigorous PA per week, then 
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converted to metabolic equivalent (MET) minutes which takes PA intensity into account 

(moderate PA=4 MET, vigorous PA =8 MET) (18). This information was then used to create 

three PA categories equivalent to the U.S. Department of Health and Human Services PA 

guidelines: low (< 600 MET-minutes/week), medium (600-1200 MET-minutes/week), and high 

(> 1200 MET-minutes/week) (19). The medium or high PA levels are aligned with current PA 

recommendations (≥ 600 MET-minutes/week or 150+ minutes of moderate to vigorous PA) (19). 

Metabolic syndrome (MetS) parameters 

Five measures were used to classify people as having MetS: triglycerides, HDL-C, 

fasting glucose, waist circumference and blood pressure. Blood samples were collected at the 

MEC and then analyzed for triglycerides, HDL-C, plasma glucose at the University of Minnesota 

following standard laboratory procedures (15). Waist circumference and blood pressure 

measures were taken at the MEC by trained health technicians using standard methods (15). In 

addition, participants also reported if they had treatment for triglyceride, or HDL-C, or blood 

pressure, or blood glucose (15, 20). Participants were classified as having MetS if they had three 

or more of the following: 1) waist circumference ≥ 102 cm in men or ≥ 88 cm in women, 2) 

triglyceride ≥ 150 mg/dL or with reported lipid lowering treatment, 3) HDL-C < 40 mg/dL in 

men or < 50 mg/dL in women or with reported cholesterol treatment, 4) blood pressure, systolic 

≥ 130 mm Hg or diastolic ≥ 85 mm Hg or both or with reported blood pressure treatment, 5) 

fasting glucose ≥ 100 mg/dL or with reported blood glucose treatment (4, 20). 

Covariates 

Overall diet quality was determined using National Cancer Institute’s simple Healthy 

Eating Index-2015 scoring algorithm using information from two 24-hour dietary recalls data 

from NHANES and USDA-FPED (15, 16, 21). Participants were stratified into three tertiles 
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based on their total dietary quality score (ranging from 0 to 100) with the top tertile (scores 

>59.0) being classified as a healthier diet and the other two tertiles (scores 0-46.3 or 46.3-59.0) 

being considered indicative of a less healthful diet.  

Comorbid disease status was measured using a single question that asked respondents’ 

chronic diseases identified by their doctor or other health professional: arthritis, cancer, 

cardiovascular disease, chronic kidney disease, diabetes, hypertension, pulmonary disease, and 

stroke (15, 22).  A summary score was created ranging from 0-8 and further divided into four 

categories: 0, 1, 2, or ≥3. 

Alcohol consumption was classified into three categories based on respondents’ reported 

alcohol consumption per day in the past year: heavy drinkers, average of >2 drinks per day for 

men and >1 drink per day for women; moderate drinkers, average of ≤2 drinks per day for men 

and ≤1 drink per day for women; never drinkers, no drinking reported (15, 23). 

Demographic information including age, sex, race/ethnicity, smoking status (never, 

former, current), education (high school degree or less vs. some college or higher). Respondents 

also reported their family income and family size, which was then used to calculate poverty to 

income ratio (PIR) (15, 24).  PIR was divided into two categories based on the poverty 

guidelines: at or above (PIR ≥1) and below federal poverty level (PIR<1) (24). 

Statistical analyses 

The MEC exam 2-year weights were used as the sample weight for all analyses (25).  

Baseline characteristics are presented as weighted means ± standard error for continuous 

variables and as count and weighted percentages for categorical variables. To assess the 

associations between PA and MetS risk factors and MetS, the PA was classified into three levels 

to compare medium and high PA levels with low PA level. Multiple logistic regression models 
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were conducted using PROC SURVEYLOGISTIC, including STRATA, CLUSTER, and 

WEIGHT statement, to obtain adjusted odds ratios (ORs) with 95% confidence intervals, 

adjusted for age, sex, race/ethnicity, and current smokers (model 1). As education, poverty 

levels, alcohol intake, level of comorbidities, BMI, and diet quality may be associated with PA 

levels, a second logistic regression model was constructed that included these variables as 

covariates (model 2). Additionally, two sensitivity analyses were conducted in which 

respondents with physical function limitation were excluded or the drug treatment for elevated 

triglycerides or low HDL-C as the inclusion criteria to define MetS was excluded, and results did 

not change substantially. All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, 

NC, USA), and p-values <0.05 were considered statistically significant. 

Results 

Approximately three quarters (72.1%, n = 431) of participants were classified as having 

MetS, 53.5% of respondents were female, 20.5% were racial/ethnic minorities, 43.1% had a high 

school degree or less and 9.5% whose household income placed them below the federal poverty 

line. About half of respondents (44.3%) were at the lowest PA level and did not met PA 

recommendations. As seen in Table 1, there were no significant differences in demographic 

characteristics by MetS status. However, compared to individuals without MetS, participants 

with MetS were more likely to have a low PA level and more in groups that have 2+ chronic 

diseases. In addition, individuals classified as having MetS had larger waist circumference, 

higher triglycerides, blood pressure, and blood glucose, but lower HDL-C and were more likely 

to report treatment for lipid profiles and blood glucose.  

As shown in Table 2, the multiple logistic models adjusted for age, sex, race/ethnicity 

and current smoking status (model 1) revealed an inverse association between PA level and the 
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risk of MetS (p=0.007). That is, respondents classified as having a high PA level were 63% less 

likely to have MetS than individuals with low levels of PA (OR = 0.37, 95% CI: 0.20, 0.68). 

Although not statistically significant, participants with a medium level of PA were 44% less 

likely to have MetS than individuals with low PA (OR = 0.56, 95% CI: 0.23, 1.34). 

Analyses examining the relationships between PA levels and the five MetS risk factors 

determined that participants with a high level of PA had a lower risk of having 

hypertriglyceridemia, low HDL-C, and high blood pressure (see Table 2).  The same pattern was 

observed for HDL-C and blood pressure and participants with a high level of PA had lower risk 

of elevated fasting glucose (OR = 0.34, 95% CI: 0.15, 0.78) after additionally adjusting for 

education, poverty levels, alcohol intake, level of comorbidities, BMI, and diet quality (model 2).  

Subsequent multiple logistic analyses examined the association of PA levels with MetS 

risk factors in males and females respectively adjusted for all confounders. Males with a high 

level of PA had a lower risk of MetS than males with a low level of PA (OR = 0.33, 95%CI: 

0.14, 0.80). However, females with a high level of PA did not have a lower risk of MetS. In 

addition, males with a high level of PA had a reduced risk of low HDL-C (OR = 0.35, 95%CI: 

0.13, 0.94) and elevated blood pressure (OR = 0.35, 95%CI: 0.14, 0.87). Female participants 

with a high level of PA had lower risk of elevated blood glucose (OR = 0.12, 95%CI: 0.03, 0.51) 

but no other statistically significant differences in MetS risk factors observed (Figure 1).  

Discussion 

A large percentage of the sample had MetS (72.1%) and about half of the respondents not met 

current PA recommendations (44.3%). Study findings suggest that more than 1,200 MET-

minutes of PA per week is needed to reduce MetS risk in older adults with obesity who do not 
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have physical function limitations. This information is important given the increasing obesity 

prevalence among older adults and calls to increase PA among older adults (1, 8-10).  

Study findings indicate that just meeting or slightly exceeding PA recommendations did 

not reduce MetS risk. The risk of MetS did not decline until PA levels exceeded 1,200 MET-

minutes per week, which equivalent to 42+ minutes of moderate or 21+ minutes of vigorous PA 

per day (18).  Studies with adults of all ages have determined that greater levels of PA are 

associated with a lower MetS risk (8-10).  Bell et al. (2015) found that among older adults with 

obesity those with MetS were less likely to be physically active, although the relationship 

between PA dosage and MetS risk was not examined and function limitation was not considered 

(12).  The present study extends existing research by focusing on older adults with obesity 

without physical function limitations and indicates the importance of a PA dosage in excess of 

1,200 MET-minutes of PA a week to reduce MetS risk in this population. 

A notable finding from the present study is that participants with a high level of PA had a 

lower risk of low HDL-C, high blood pressure, and elevated fasting glucose. This finding is 

consistent with previous studies that have found increased HDL-C, lower risk of high blood 

pressure and elevated fasting glucose associated with higher PA levels although these studies did 

not focus on older adults with obesity or the US population (8-10).  Therefore, comparisons 

should be made with caution due to the differences in the study populations. Nevertheless, the 

present study controlled for potential confounders that could biasing the study findings (e.g., 

diet, level of comorbidities) which support of the benefits of a high PA dosage on MetS risk 

factors particularly to improve lipid profiles and manage blood pressure and blood glucose, 

although causality cannot be determined due to the cross-sectional study design. 
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Additionally, the present study found that males with a high level of PA had a reduced 

risk of MetS, HDL-C, and blood pressure while a high PA level in females was only associated 

with reduced blood glucose. Few studies have examined the association of PA dosage with MetS 

risk factors or with MetS by sex, and available studies are not specific to older adults with 

obesity (26-29).  Nonetheless, study findings are somewhat consistent with prior research that 

have observed an inverse relationship between PA and risk of MetS in males (26) and in males 

and females (27). Previous studies also indicate that a higher PA dosage is associated with lower 

blood glucose only for males (28) and with higher HDL-C was for females (29).  Findings from 

the current study suggest that among older adults with obesity, males and females may respond 

to PA dosage differently. Future research should explore these differences.  

The present study has strengths and limitations. This is one of first studies to our 

knowledge, to use nationally representative data to examine the association between different PA 

levels and MetS among older adults with obesity independent of physical function limitations. In 

addition, the study assessed three domains of PA (work, travel, and recreational) instead of 

focusing only on leisure time PA (8, 9).  Nonetheless, the study is subject to several important 

limitations including its cross-sectional design that does not allow causality to be determined. PA 

was assessed by self-report, although a valid instrument was used (17). Also, the study was 

limited by using existing datasets thus not all possible confounders associated with aging could 

be examined (e.g., cognitive function, affective status). Additionally, 7.5% of the eligible sample 

was excluded due to being physically inactive and/or having physical function limitation. 

Although, no substantive differences were found with the sensitivity analysis due to this 

exclusion, this limits our generalizability to older adults with obesity and physical function 

limitations. 



11 

 

To conclude, the present study indicates that meeting or slightly exceeding PA 

recommendations may not be sufficient for lowering MetS risk and only participants with a high 

PA level (>1,200 MET-minutes/week) had a reduced risk of MetS. Thus, PA dosage might be 

important to address MetS risk in older adults with obesity and improve public health thus 

people should be encouraged to exceed PA recommendations if capable but PA promotion needs 

to be sensitive to gender in different contexts.  
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Table 1. Characteristics of subjects with and without metabolic syndrome (n=613). 

  Total No metabolic 

syndrome 

Metabolic 

syndrome 

P-value 

  n=613 n=182 (27.9%) n=431(72.1%) 

(72.1%) 

  

Gender, Male, n (%) 296 (46.5) 113 (61.9) 183 (40.5) <0.001* 

Age 69.9 ± 0.3 70.1 ± 0.7 69.8 ± 0.4 0.751 

Ethnicity, n (%)         

    NH White 327 (79.5) 96 (76.5) 231 (80.7) 0.319 

    NH Black 118 (7.4) 36 (7.8) 82 (7.3) 0.714 

    Mexican American 65 (3.4) 22 (4.5) 43 (3.0) 0.051 

    Other (including Other 

Hispanic) 

103 (9.7) 28 (11.2) 75 (9.1) 0.537 

Education level, n (%)         

    High school or less  325 (43.1) 98 (39.1) 227 (44.7) 0.349 

    College or above  285 (56.9) 83 (60.9) 202 (55.3) 0.349 

PIR above poverty line, n (%) 472 (90.5) 139 (92.3) 333 (89.8) 0.301 

BMI (kg/m2) 35.3 ± 0.3 35.2 ± 0.5 35.3 ± 0.3 0.782 

BMI classification         

    BMI of 30 to < 35kg/m2 373 (62.8) 123 (69.9) 250 (60.0) 0.064 

    BMI of 35 to < 40 kg/m2 147 (22.8) 35 (17.3) 112 (25.0) 0.062 

    BMI of ≥40 kg/m2 93 (14.4) 24 (12.8) 69 (15.1) 0.557 

Smoking status, n (%)         

    Never smokers 291 (53.3) 98 (56.7) 193 (51.9) 0.466 

    Former smokers 149 (25.6) 40 (22.1) 109 (27.1) 0.318 

    Current smokers 105 (21.0) 28 (21.2) 77 (21.0) 0.966 

Alcohol intake, n (%)     

    Heavy drinkers 157 (42.2) 49 (43.4) 108 (41.7) 0.777 

    Moderate drinkers 143 (37.6) 46 (38.4) 97 (37.3) 0.873 

    Never drinker 77 (20.2) 22 (18.2) 55 (21.0) 0.62 

Level of comorbidities, n (%)         

    0 comorbidity 246 (41.2) 105 (63.5) 141 (32.6) <0.001* 

    1 comorbidity 140 (21.1) 47 (22.5) 93 (20.6) 0.67 

    2 comorbidities 99 (16.4) 22 (10.8) 77 (18.5) 0.045* 

    ≥ 3 comorbidities 128 (21.2) 8 (3.2) 120 (28.2) <0.001* 

PA         

    Total PA MET-minutes/week 3234.2 ± 305.9 4023.7 ± 517.9 2929.4 ± 360.1 0.048* 

    Met PA recommendation, n (%) 350 (55.7) 121 (67.1) 229 (51.2) 0.006* 

        Low PA, n (%) 263 (44.3) 61 (32.9) 202(48.8) 0.006* 

        Medium PA, n (%) 58 (9.8) 21 (9.9) 37 (9.8) 0.988 

        High PA, n (%) 292 (45.8) 100 (57.3) 192 (41.4) 0.003* 

Diet quality (HEI-2015)#     

    Total diet quality score 53.4 ± 0.7 52.4 ± 1.3 53.8 ± 0.9 0.382 

    Tertile classifications, n (%)     

        First tertile (<46.3) 188 (31.4) 54 (33.0) 134 (30.8) 0.681 

        Second tertile (46.3 - 59.0) 193 (34.6) 54 (36.7) 139 (33.8) 0.658 
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        Third tertile (>59.0) 186 (34.1) 55 (30.3) 131 (35.4) 0.344 

Metabolic syndrome parameters 
 

      

    Waist Circumference (cm) 113.0 ± 0.5 108.4 ± 1.2 114.7 ± 0.6 <0.001* 

    Triglyceride (mg/dL) 126.6 ± 5.3 90.2 ± 4.9 155.6 ± 6.8 <0.001* 

    Direct HDL-C (mg/dL) 50.3 ± 0.8 58.2 ± 1.2 46.8 ± 1.0 <0.001* 

    Systolic (mm Hg) 126.4 ± 0.9 116.9 ± 1.5 130.0 ± 1.1 <0.001* 

    Diastolic (mm Hg) 71.3 ± 0.7 67.1 ± 1.4 72.9 ± 0.7 <0.001* 

    Fasting Glucose (mg/dL) 111.8 ± 2.5 100.3 ± 1.7 120.9 ± 4.0 <0.001* 

Medication taken     

    For cholesterol 143 (24.9) 0 (0.0) 143 (35.2) <0.001* 

    For hypertension 237 (40.3) 17 (9.2) 220 (52.3) <0.001* 

    For blood sugar 84 (15.6) 6 (3.3) 78 (20.3) <0.001* 

Note: Data are present as weighted mean ± standard error for continuous variables and as count and 

weighted percentages for categorical variables; PRI = poverty to income ratio, BMI = body mass 

index, PA= physical activity, MET = metabolic equivalent, Low PA = 0-600 MET-minutes/week, 

Medium PA = 600-1,200 MET-minutes/week, High PA = > 1,200 MET-minutes/week, # HEI-2015 

= Healthy Eating Index-2015, * p < 0.05.



 

 

Table 2. The association of physical activity with metaboloc syndrome and metabolic syndrome 

risk factors (n=613). 

  No Metabolic 

syndrome 

Metabolic 

syndrome 

 

Model 1# 

 

Model 2& 
  n (%) n (%) Adjusted OR 

(95% CI) 

P-

value 

Adjusted OR 

(95% CI) 

P-

value 
 Metabolic syndrome 

(n=613) 

n=182 n=431         

        Low PA 61 (32.9) 202 (48.8) Reference 0.007* Reference 0.016* 

        Medium PA  21 (9.9) 37 (9.8) 0.56 (0.23, 1.34)   0.63 (0.20, 2.01)   

        High PA  100 (57.3) 192 (41.4) 0.37 (0.20, 0.68)   0.31 (0.13, 0.72)   

Elevated waist 

circumference (n=600)  

n=65 n=535         

        Low PA  23 (36.9) 234 (45.0) Reference 0.485 Reference 0.558 

        Medium PA  7 (9.9) 50 (9.8) 0.59 (0.14, 2.40)   1.09 (0.20, 6.10)   

        High PA  35 (53.2) 251 (45.2) 0.53 (0.18, 1.52)   0.50 (0.12, 2.22)   

Elevated triglyceride 

(n=444)  

n=213 n=231         

        Low PA 75 (34.7) 112 (51.5) Reference 0.027* Reference 0.735 

        Medium PA 27 (11.4) 18 (10.5) 0.55 (0.26, 1.17)   0.63 (0.19, 2.04)   

        High PA  111 (53.9) 101 (38.1) 0.47 (0.27, 0.81)   0.79 (0.30, 2.08)   

Reduced HDL-C 

(n=603)  

n=234 n=369         

        Low PA  90 (37.8) 170 (48.6) Reference 0.026* Reference 0.048* 

        Medium PA  25 (9.6) 32 (10.1) 0.66 (0.28, 1.57)   0.61 (0.21, 1.74)   

        High PA  119 (52.6) 167 (41.3) 0.46 (0.26, 0.82)   0.39 (0.18, 0.84)   

Elevated blood pressure 

(n=606)  

n=194  n=412          

        Low PA  64 (32.8) 198 (50.6) Reference 0.001* Reference 0.028* 

        Medium PA  21 (10.8) 37 (9.5) 0.47 (0.21, 1.03)   0.58 (0.16, 2.06)   

        High PA  109 (56.4) 177 (40.0) 0.39 (0.24, 0.64)   0.39 (0.20, 0.77)   

Elevated fasting glucose 

(n=414) 

n=144 n=270         

        Low PA  53 (35.6) 126 (48.5) Reference  0.065 Reference 0.022* 

        Medium PA  16 (9.9) 24 (8.6) 0.70 (0.28, 1.76)   0.92 (0.35, 2.42)   

        High PA 75 (54.6) 120 (42.8) 0.50 (0.28, 0.90)   0.34 (0.15, 0.78)   

Note: # Model 1: Adjusted for age, sex, race/ethnicity, and current smokers; & Model 2: Additionally adjusted 

for education levels, poverty levels, alcohol intake, level of comorbidities, BMI, and diet quality; HDL-C= high-

density lipoprotein cholesterol, PA= physical activity, Low PA: 0-600 MET-minutes/week, Medium PA: 600-

1,200 MET-minutes/week, Higher PA: > 1,200 MET-minutes/week, * p < 0.05. 



 

 

 

Figure 1. The association of physical activity and metabolic syndrome by males and females.  

PA= physical activity, HDL-C= high-density lipoprotein cholesterol, Medium PA: 600-1,200 MET-

minutes/week, High PA: > 1,200 MET-minutes/week, Low PA: 0-600 MET-minutes/week and Low PA 

is reference category, all analyses adjusted for age, race, education level, household income, current 

smokers, alcohol intake, level of comorbidities, BMI, and diet quality, * p < 0.05. 
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