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Purpose: The association between objectively measured sedentary behavior and physical 
activity with metabolic syndrome (MetS) has been rarely investigated in Saudi Arabia. The 
purpose of the current study was to examine the association of objectively measured 
sedentary, light physical activity (LPA), and moderate-vigorous physical activity (MVPA) 
with MetS among Saudi adult males.
Materials and Methods: The study participants were 103 males from Riyadh, Saudi 
Arabia (mean age = 54.9 ± 10.6 years). Metabolic syndrome was defined based on having 
three or more of cardiometabolic risk factors. Triaxial accelerometers were used to measure 
the time spent on sedentary and physical activities across 7 days. A minimum four days with 
≥10 hours of wearing time per day were considered a valid data. Binary logistics regression 
models were performed to examine the association of sedentary and physical activity levels 
with MetS vs no MetS. Model 1 was unadjusted, models 2, 3, and 4 were mutually controlled 
for sedentary, light, and MVPA intensities.
Results: About 38% of males in the present study were classified as having MetS as 
demonstrated by a significant (p<0.05) decrease in high-density lipoprotein cholesterol 
(HDL-C) and a significant (p<0.05) increase in body weight, body mass index (BMI), 
waist circumference (WC), systolic blood pressure, glucose, and triglycerides compared to 
those without MetS. In addition, low levels of LPA (less than 6.3 hours per day) were 
significantly associated with the risk of having MetS, independent of sedentary and MVPA 
(odds ratio (OR) 4.26–6.96). The results showed that the associations between sedentary 
tertiles and MetS were not statistically significant. Levels of MVPA were also not signifi
cantly associated with an increased risk of developing MetS in all models.
Conclusion: This study showed that low levels of LPA were significantly associated with 
the risk of having MetS in Saudi males from Riyadh city, independent of MVPA and 
sedentary time. The results suggest that future intervention studies should assess the positive 
effect of increasing levels of LPA in reducing the risk of developing MetS in males.
Keywords: accelerometer, MetS, sedentary time, MVPA, light activity

Introduction
Metabolic syndrome (MetS) refers to a cluster of three to five cardiometabolic risk 
factors such as abdominal obesity, high triglycerides (TG), low high-density lipo
protein cholesterol (HDL-C), elevated blood pressure (BP) and elevated fasting 
blood glucose (FBG).1 MetS and its related risk factors have been found to be 
associated with the risk of developing cardiovascular disease (CVD), coronary heart 
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disease (CHD), type-2 diabetes, and all-cause mortality.2,3 

A recent cross-sectional study showed that about 34.4% of 
males in Saudi Arabia have MetS, with this the percentage 
increasing with age.4 The study also showed that the most 
prevalent MetS components were low levels of HDL-C 
and abdominal obesity.4

Physical activity has been shown to reduce the risk of 
cardiovascular mortality,5 diabetes,6 hypertension,7 and all- 
cause mortality.8 International data indicate that physical 
activity might also prevent MetS and its associated 
factors.9–11 It has been recommended that adults should accu
mulate at least 150 minutes of moderate-intensity physical 
activity (MPA) or 70 minutes of vigorous-intensity physical 
activity (VPA) weekly.12 Data from a systemic review indi
cated that Saudi males are insufficiently active, with a range 
of 26% to 85% not meeting the recommended physical 
activity levels.13 More recently, cross-sectional study reported 
that 82.6% of Saudi adults were not sufficiently active.14

Previous findings suggested a noteworthy and inverse 
association between the risk of MetS and meeting or exceed
ing the recommended MVPA level.15,16 For example, it has 
been reported that active people who met or exceeded the 
recommended 150 of MVPA per week had 36% and 37% 
lower risk of MetS, respectively.15 Furthermore, a meta- 
analysis found that physical activity reduced the incidence of 
MetS, in a dose-response manner.11 Light physical activity 
(LPA) refers to an activity that requires energy expenditure 
of 1.6–2.9 metabolic equivalent (MET), MVPA (≥3 MET) and 
sedentary behavior (≤1.5 MET) have been found significantly 
associated with MetS.16 A MET refers to the amount of 
oxygen consumed at rest and is equal to 3.5 (mL.kg.min−1). 
Data from Australia and Japan showed that LPA was asso
ciated with the reduction of MetS risks independently of 
MVPA and sedentary time.17,18 Another study from the 
United Kingdom (UK) suggested that conducting short bouts 
of LPA to break up sedentary time was associated with better 
metabolic outcomes, in older adults.19 Furthermore, there has 
been a strong correlation between sedentary behavior and the 
risk of MetS and its components.18,20 A study was conducted 
in the UK to investigate the effect of physical activity and 
sedentary time on metabolic health and liver adiposity.21 

Results revealed that greater time spent in sedentary was 
associated with MetS, independent of physical activity levels. 
More recently, cross-sectional data suggested that high level of 
sedentary time was associated with poorer glycemic control in 
people with type 2 diabetes mellitus.22

However, the literature on this topic is mixed. For 
example, a study from Belgium found no association 

between LPA and MetS.23 These results were supported 
by the results of a Saudi study which found no association 
between LPA, MVPA, and sedentary time with MetS.24

The discrepancy in the association of physical activity 
and sedentary with MetS among previous studies is mainly 
due to the differences in sedentary and physical activity 
estimates. Different physical activity estimates could be 
attributed to different devices used, different data collect
ing and processing, participants’ characteristics, and con
founding variables. Objective measures such as 
accelerometers are widely used to estimate physical activ
ity intensities and sedentary as an alternative of self-report 
methods which are limited by their variability and 
validity.25 Many intensity thresholds (cut-points) have 
been developed from uniaxial and triaxial accelerometers 
to estimate physical activity levels and sedentary time.25 

As a result, the relationship between physical activity and 
sedentary with various health outcomes might be influ
enced by the selected cut-points.26

Little is known about the associations of objectively 
measured physical activity and sedentary behavior with 
MetS in the Saudi community. The only study in Saudi 
Arabia reported that objectively measured physical activity 
and sedentary time using triaxial accelerometers did not 
predict MetS in males.24 However, this study had several 
limitations. For example, it was limited by including only 
young adults (mean age 37.6 years). Moreover, this study 
used cut-points were developed for uniaxial acceler
ometers. These cut-points may not be comparable with 
vector magnitude counts obtained from triaxial 
accelerometers.25 Finally, the study did not take into 
account the independency of physical activity intensities 
and sedentary time in the association with MetS. More 
research is warranted to establish baseline data in order to 
identify effective interventions for preventing MetS in 
Saudi Community. To fill this gap, the present study 
aimed to examine whether objectively measured physical 
activity and sedentary time were independently associated 
with MetS in Saudi males from Riyadh city.

Materials and Methods
Participants
Participants from community development commission 
centers in Riyadh, Saudi Arabia, were requested to take 
part in this cross-sectional study. From the initial sample 
of 120 men (aged 33–78 years), 103 completed data and 
constituted the final sample. Eight participants were under 
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40 years. Seventeen participants were excluded from data 
analysis because they did not meet the minimal wearing 
time of accelerometers which will be elaborated in the 
coming section.

To meet the inclusion criteria, all participants were 
required to be residents of Riyadh city, not having major 
cardiovascular (eg, heart disease, heart attack, stroke, 
arrhythmia, and heart failure) and musculoskeletal dis
eases, able to mobile independently, do not engage in 
professional sports, and to adhere to required wearing 
time of accelerometer. All measurements were performed 
in March and August 2018. All participants provided 
informed written consent. This study was conducted 
according to the principles outlined in the Declaration of 
Helsinki. The study protocol has been authorized by King 
Saud University’s Institutional Review Board (IRB) (IRB 
No. E-18-3381).

Instrumentation and Procedure
All participant measurements were carried out by 
a professional laboratory technician in a clinical room. 
Height and weight were measured to the nearest 0.1 cm 
using a stadiometer (Seca 213, Seca GmbH & Co., 
Hamburg, Germany), and to the nearest 0.1 kg, using 
a digital scale (PD100 ProDoc, Detecto Scale, Cardinal, 
Webb City, MO, USA), respectively. From these measure
ments, their body mass index was calculated (BMI, in kg/ 
m2). Waist circumference (WC) was measured at the 
umbilicus to the nearest 0.1 cm using a measuring tape. 
Resting heart rate (HRrest), systolic blood pressure (SBP), 
and diastolic blood pressure (DBP) readings (mmHg) were 
measured using an automatic arm digital sphygmoman
ometer (Omron HEM-7121, Omron Healthcare manufac
turing, Japan). An average of three readings with an 
interval of 5-minutes rest in between was obtained while 
the participant sat on a chair with their arm supported at 
heart level.

A venous blood sample was collected after at least 10 
hours of overnight fasting. Blood samples were analyzed 
to assess the level of HDL-C, TG, and FG. The National 
Cholesterol Education Program Adult Treatment Panel III 
guidelines (NCEP ATP III) modified by The American 
Heart Association (AHA) and the National Heart, Lung, 
and Blood Institute (NHLBI)27 were used to classify MetS 
in males. This was based on having three or more of the 
following: WC (≥102), low HDL-C (<1.03 mmol/L), ele
vated TG (≥1.7 mmol/L), elevated blood glucose (≥5.6 

mmol/L) and hypertension (SBP: ≥130 mmHg; DBP ≥85 
mmHg).

Participants’ physical activity levels and sedentary time 
were measured using an ActiGraph triaxial accelerometer 
(wGT3X-BT, ActiGraph LLC, Pensacola, FL). Devices 
were initialized, and then data were downloaded and ana
lyzed using ActiLife v6013.3 (ActiGraph LLC, Pensacola, 
FL). At the first visit, all participants wore the acceler
ometers on their right hip using an elastic belt. Participants 
were asked to wear the accelerometers for seven consecu
tive days. Participants were instructed to always wear the 
accelerometer, except when they were bathing or during 
any other water-based activities such as swimming. At the 
final visit, all accelerometers were collected. The raw data 
were then downloaded per 10-seconds and reintegrated 
into 1-minute intervals for comparison with previous stu
dies. Established accelerometer cut-points using vector 
magnitude (VM) were determined to categorize 
sedentary28 and physical activity29 intensities as counts 
per minute (CPM): Sedentary: <150 CPM; LPA: 150 
CPM – 2689 CPM; and MVPA ≥ 2690 CPM.

Data Reduction and Treatment
The present data were managed in Microsoft Access 2016 
and Microsoft Excel 2016. All completed accelerometer 
data were included in the final analysis. The algorithm 
from Troiano et al30 was used to compute valid acceler
ometer wear time. Only data collecting from 6 am until 
11:59 pm were included in the analysis.31 Sustained 60 
minutes of zero were classified as a period of non-wear 
time, with a tolerance of two minutes with non-zero values 
less than 100 CPM.30 Data were included in the analysis if 
participants wore the accelerometers for a minimum of 
four days, including one weekend day.25 A valid day 
required a minimum of 600 minutes of wear time.25 To 
examine the association of physical activity levels and 
sedentary with MetS, we categorized participants into 
tertiles of sedentary time (T1 >10.2, T2 8.9–10.2, T3 
<8.9) LPA (T1 <5.5, T2 5.5–6.3, T3 >6.3) and MVPA 
(T1 <0.6, T2 0.6–0.8, T3 >0.8). In all models, T3 was 
included as a reference category. Time spent in MPA and 
VPA (min/day) for valid days were summed to calculate 
the average time spent in daily MVPA.

Statistical Analysis
Data were analyzed using SPSS (version 25, IBM). 
Continuous data were presented as a mean ± standard 
deviation (SD) for variables with normal distribution and 
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median (interquartile range IQR) for non-normal distribu
ted variables. All continuous variables were checked for 
normality using the Kolmogorov–Smirnov test. If they 
were not normally distributed, then log transformation 
was applied. Categorical variables were presented as 
a frequency and percentage (%). Our initial analysis 
revealed no significant differences between age groups 
(33–44, 45–59, and ≥60 years) in the distribution of 
MetS (χ2 = 0.467, P = 0.792), mean of MVPA (F (2, 
102) = 0.175, P = 0.260), LPA (F (2, 102) = 2.897, P = 
0.334), and sedentary time (F (2, 102) = 3.074, P = 0.428). 
Thus, in subsequent analysis, all age groups were analysed 
as a single group. An independent t-test was used to check 
the mean difference of variables with normal distribution. 
The Mann Whitney U-test was used to ascertain the med
ian difference of non-normal distributed variables. 
A binary logistics regression analysis with simple enter 
method was performed to examine the association of 
sedentary and physical activity levels (independent vari
ables) with MetS (dependent variable) (model 1). We 
created additional models 2, 3, and 4 which also mutually 
controlled for sedentary, light, and MVPA intensities. Data 
are presented as odds ratio and 95% confidence interval 
(CI). Variance inflation factors (VIF) were used to assess 
multicollinearity among independent variables. High mul
ticollinearity was not detected as all values were <10.32 

A p-value of <0.05 was considered statistically significant.

Results
Characteristics of the Study Sample
Participants’ characteristics and activities are presented in 
Table 1. The data showed that 37.8% of the participants were 
found to have MetS. The data also showed that low HDL-C 
(51.4%), FG (49.5%), and hypertension (45.6%) were the 
most prevalent MetS components, whereas WC (33%) and 
elevated TG (38.8%) were the lowest. All participants have 
normal range of DBP levels. Independent t-test showed no 
significant differences between participants with and without 
MetS in age and height (all P > 0.05). Independent t-test 
results also showed that participants with MetS were heavier 
and have more BMI rates (all P < 0.05).

Differences in Metabolic Syndrome 
Components, Sedentary Time, and PA 
(Normal vs MetS)
Differences in metabolic syndrome components, physical 
activities and sedentary behaviors are shown in Table 1. 

The Mann Whitney U and independent t-tests revealed that 
participants with MetS had significantly higher numbers of 
systolic BP, higher levels of glucose, higher WC, higher 
levels of triglycerides, and lower levels of HDL-C com
pared to those without MetS (all P < 0.05). No significant 
difference was found between both groups in DBP (P > 
0.05). Participants with and without MetS spent a similar 
amount of time in MVPA, sedentary bouts (≥30 min), time 
wearing the accelerometer and number of bouts. 
Participants with MetS showed higher amounts of seden
tary time and lower light intensity time. Median (IQR) 
daily accelerometer wear time was 16.7 (16.2–17.1) h/d.

Regression Analysis Results
Table 2 shows the binary logistic regression models and 
odds ratios (95% CI) for associations between MetS and 
sedentary, LPA, and MVPA intensities. In unadjusted 
model 1, we found that less time (<5.5 and 5.5–6.3 h/d) 
spent in the first and second tertiles of LPA intensity was 
significantly associated with higher odds of having MetS 
(OR = 6.96 and 4.64) compared with time more than 6.3- 
h/d in the referent tertile (P trend = 0.001). Furthermore, 
less time spent in low levels of LPA intensity (first 
and second tertiles) was also significantly associated with 
higher odds of having MetS compared to time spent in 
higher level of LPA in the referent tertile when models 
controlled for sedentary time (model 2) and MVPA 
(model4) (OR = 5.80–4.26; OR = 6.75–4.69, respectively). 
The data showed no significant association between seden
tary time and MetS across all models (P trend = 0.082). The 
data also showed the association between MVPA and 
MetS was not statistically significant across all models 
(P trend = 0.916).

Discussion
In the present study, we aimed to examine whether objec
tively measured physical activity and sedentary time were 
independently associated with MetS in 103 Saudi males 
from Riyadh city. Our main findings showed a statistically 
significant association of LPA with MetS independent of 
sedentary time and MVPA. In line with previous objec
tively measured physical activity studies,17–19 our study 
provides evidence for the role of LPA in reducing the risk 
of MetS among adults. We found that lower levels of LPA 
were associated with a higher risk of MetS, compared with 
the reference category (T3). For example, our data showed 
that less time than 6.3 h/d spent in LPA was associated 
with significantly higher odds of having MetS across all 
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models (OR = 4.26–6.96). This finding supports a recent 
meta-analysis of the association between objectively mea
sured physical activity and all-cause mortality in adults.33 

In their review, Ekelund et al33 suggested that maximal 
risk reductions in all-cause mortality were reported when 
engaging in LPA for 375 minutes per day (6.25 h/d). This 
amount of LPA is similar to the amount of the highest 
tertile (6.3 h/d) in our study. Our findings were also similar 
to those of other previous studies,17,18 which found that 
low levels of LPA were significantly associated with an 
increased risk of having MetS. However, our data was not 
in agreement with all previous works. A Saudi study24 

found no association between time spent in LPA and the 
prevalence of MetS in Saudi males. Similarly, studies from 
China9 and Belgium23 found no association between time 
spent in LPA and the prevalence of MetS in males and 
females. Inequivalent finding with previous studies may be 
attributed to the discrepancy in the prevalence of MetS 
reported in the current study compared to previous studies. 
Additionally, we used a triaxial accelerometer to assess 
physical activity intensities, while previous studies have 
used a self-report method or uniaxial accelerometer.

Our results confirm that the association between LPA 
with MetS remained significant after models were also con
trolled for sedentary and MVPA. This finding is consistent 

with the results of previous studies.17–19 This suggests that 
LPA has an important role in reducing the risk of MetS and 
should be used for public health promotion. This suggestion 
is also supported by the results of a previous study, which 
reported that LPA was associated with reducing mortality 
risk8,34 and cardiometabolic health34 in adults. However, as 
age increases, it is challenging for some adults to practice and 
maintain long bouts of MVPA.19 We found that older parti
cipants spent less time in long bouts of MVPA by 9.5 minutes 
(data are not presented). Therefore, increasing the daily 
levels of LPA could be a practical way of preventing or 
reducing MetS in middle-aged and older Saudi males. In 
agreement with previous suggestions,18 we also suggest 
that physical activity recommendations should be updated 
to include LPA. As a greater daily time of LPA may be 
needed to prevent MetS,18 we found that time over 6.3 h/d 
spent in LPA may reduce the risk of MetS. Further studies are 
needed to determine the lower limit of LPA that can reduce 
the incidence of MetS.

The association between sedentary behavior and MetS 
has become a growing research area. Therefore, the effect of 
sedentary behavior on the prevalence of MetS was also 
investigated in the present study. We did not find a similar 
statistically significant association between sedentary time 
and MetS in the current study as those found in previous 

Table 1 Clinical and Physical Activity Characteristics of Participants

Parameters

Normal MetS p-value

N 63 (±61.1%) 39 (37.8%)

Age (years) 54.2 (±11.2) 56 (9.6) 0.424
Height (cm) 166.1 (±7.6) 167.1 (6.2) 0.453

Weight (Kg) 75.8 (±12.9) 85.1 (11.5)** <0.001

WC (cm) 94 (82–100) 105 (86–111) * 0.002
BMI (kg/m2) 27.1 (±3.8) 30.6 (3.8)** <0.001

SBP (mmHg) 125.1 (±19.1) 134.4 (16.9)* 0.014

DBP (mmHg) 75.8 (±12.0) 77.8 (9.6) 0.390
FBG (mmol/L) 5.2 (4.9–6.4) 6.4 (5.3–11.0)* 0.002

HDL-C (mmol/L) 1.1 (±0.2) 0.87 (0.2)** <0.001

Triglycerides (mmol/L) 1.1 (0.9–1.4) 2.1 (1.7–2.9) <0.001
MVPA (h.d−1) 0.7 (±0.3) 0.6 (0.2) 0.334

LPA (h.d−1) 6.2 (±1.1) 5.6 (1.0)* 0.004

Sedentary (h.d−1) 9.4 (±1.3) 10.0 (1.4)* 0.027
Sedentary Bouts; ≥30 min(h.d−1) 4.1(3.3–4.9) 4.5 (3.5–5.7) 0.129

No. of Sedentary Bouts 2.6 (4–5.6) 5.2 (4.3–6.6) 0.100

Accelerometer Wear Time (h.d−1) 16.7 (16.1–17.3) 16.6 (15.4–17.3) 0.719

Notes: Data are presented as mean (± SD) and median (IQR). *(P < 0.05) and **(P <0.01) are considered significant. 
Abbreviations: MetS, metabolic syndrome; WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; FBG, fasting glucose; HDL-C, high-density lipoprotein; MVPA, moderate-vigorous physical activity; LPA, light physical activity.
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studies.17,18 However, our data reported that more time 
per day spent in sedentary behavior was associated with 
higher risk of having MetS. The results also indicate that 
the odds ratio for MetS was higher, but not statistically 
significant when models controlled for MVPA and LPA. 
Our findings are similar to the results found in previous 
study in Saudi males.24 Further research with larger sample 
sizes and adjustment for potential covariates such as dietary 
habit, smoking, and income is warranted to confirm these 
results in the Saudi population. Our results, alongside pre
vious studies, may support the opinion that meeting the 
recommended physical activity may not be sufficient if 
sedentary time is not reduced.35 It has been reported that 
sedentary behavior could be an independent determent of 
health risk.20 Observing the different types of sedentary 
behavior was not one of our study aims. However, time 
spent watching television and using a computer has been 
found to be significantly associated with MetS independent 
of MVPA.36,37 Initiatives to increase the population’s physi
cal activity levels should also aim to reduce sedentary time.38

The positive effect of MVPA in reducing the risk of 
MetS is well documented.19 However, our results are in 
agreement with the previous Saudi study, which found no 
association between MVPA levels and MetS.24 The weak 
associations found in this study compared to previous 
studies could be owing to the low amount of MVPA 
observed. One possible contributing factor may be relat
ing to the cut-points used, which was originally devel
oped for adults to determine time spent in MVPA. Using 
these cut-points with older adults (who compromise 
a small proportion of the present sample) may under
estimate their time spent in MVPA. However, it is not 
correct to use multiple cut-points in a single sample. Our 
findings support a previous meta-analysis, which reported 
a weak association between MVPA and reduction of 
MetS after additional adjustment for sedentary time.39 

The percentage of overweight and obese participants in 
our study was 79%. Thus, another reason might be that 
overweight and obese participants could not accumulate 
sufficient time in MVPA. A previous cross-sectional 
study found that MetS was not associated with meeting 
physical activity recommendations in obese people unless 
≥42 minutes of moderate or ≥21 minutes of vigorous 
physical activity per day were accumulated.40 Direct 
comparison to prior studies is challenging as some have 
different ways of measuring physical activity, different 
population characteristics (ie, age and gender) and did not 
take into account some potential confounders (ie, diet and 

smoking status). Together, this may cause a bias in our 
results.

Strength and Limitations
Our cross-sectional study has a strength that we objec
tively measured physical activity levels and sedentary 
time using a triaxial accelerometer. Thus, our physical 
activity and sedentary time data are less prone to biases 
compared to self-reported data. However, using different 
data collection and processing methods could be proble
matic for interpreting the association between physical 
activity with MetS. Our study also has several limita
tions. The design of this study was cross-sectional, so the 
causality of the direction between physical activity and 
MetS could not be inferred. We only included wake time 
data; therefore, another limitation was that sleep time 
was excluded from the data collection and processing. 
Current evidence suggests that sleep duration and sleep 
disorders may negatively affect cardiometabolic health 
outcomes.41 The sample of the current study only 
included males, so the direction of the association 
between physical activity or sedentary time and MetS 
in females is unknown. In the present study, several 
confounders such as calorie intake, smoking, family his
tory of a metabolic disorder, and physical fitness, which 
may influence the association between physical activity 
and MetS were not controlled for. Self-reported comor
bidities including health information about used medica
tion were not collected from participants. Self-reported 
comorbidities data may have an effect in the associations 
between MetS and physical activity and sedentary time. 
Future studies should take this tool in consideration when 
examining the associations between MetS and physical 
activity and sedentary time. Finally, the study was carried 
out on a small sample of males from Riyadh, Saudi 
Arabia. It is therefore not possible to confirm that these 
findings are representative of the wider male population 
residing in Saudi Arabia. Further studies are required 
using larger samples of males from multiple Saudi 
Arabia regions.

Conclusions
This study found a significant association between LPA 
and MetS, independent of MVPA and sedentary time. For 
public health promotion, our results suggest that increasing 
LPA should be considered to reduce the prevalence of 
MetS in males from Riyadh city. Longitudinal studies are 
needed to investigate the efficacy of LPA in preventing 
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and treating MetS before concrete recommendations can 
be made.
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