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Purpose: The high prevalence of metabolic syndrome (MetS), prediabetes, and increased risk 

of cardiovascular diseases linked with prolonged sitting has created a need to identify options 

to limit sedentary behaviors. A potentially simple approach to achieve this goal in the university 

setting is to provide students the option to stand during courses rather than sit. The purpose of 

the present study was to examine the effects of standing in the college classroom setting on 

cardiometabolic risk factors in a cohort of college students. 

Patients and methods: Healthy college students (n=21) who attended at least two courses per 

week (a minimum of 5 hours) in a specified university building with standing desks participated 

in a 7-week intervention that was divided into three phases: 3 weeks of standing, 1 week of 

washout (sitting), and 3 weeks of sitting. The participants (mean ± SD: age, height, weight, body 

mass index, and waist-to-hip ratio were 22.7±6.4 years, 174.3±10.0 cm, 70.6±14.3 kg, 23.0±3.0 

kg/m2, and 0.76±0.05, respectively) were randomly assigned to the phase of intervention of 

which they should start (sitting or standing), and all participants engaged in sitting during the 

washout phase. Cardiometabolic risk factors and metabolic equivalents (METs) were measured 

at baseline and weekly throughout the intervention. 

Results: Paired t-tests revealed significant differences (P<0.05) in all cardiometabolic risk 

factors between the 3 weeks of sitting and 3 weeks of standing time blocks. Moreover, MetS 

z-score was significantly improved (P<0.05) during the 3 weeks of standing (–5.91±2.70) vs 3 

weeks of sitting (–5.25±2.69). The METs were significantly higher (P<0.05) during standing 

(1.47±0.09) than during sitting (1.02±0.07). Although there was considerable interindividual 

variability in the ∆ MetS z-score response, there was a 100% (21/21) incidence of a favorable 

change (ie, responders) in MetS z-score response.

Conclusion: A standing desk in the classroom paradigm was found to significantly improve 

cardiometabolic health throughout a short 3 weeks time span. Increasing standing time in the 

classroom, and therefore lessening weekly sedentary behavior, could be a potential wide-scale, 

effective strategy for primordial prevention of cardiometabolic diseases.

Keywords: inactivity physiology, primordial prevention, sedentary behavior

Introduction
Cardiovascular disease (CVD) is widespread in the US, but it is largely preventable 

with changes in lifestyle. The most prominent risk factors for CVD are dyslipidemia, 

physical inactivity, and obesity.1 Within a university setting, college students are a 

population perceived to be relatively healthy and have low risk for such diseases due to 

their younger age and being relatively active, but this may be a misconception. Unfor-

tunately, many students are unaware of the presence of these risk factors because of 
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infrequent testing and appearing to have a healthier lifestyle; 

however, much of their time is spent sitting during courses, 

studying, and exhibiting sedentary behaviors as a whole due 

to them being students. For example, Dalleck and Kjelland2 

found that 6.8% of college students had metabolic syndrome 

(MetS), 13.0% had two risk factors for MetS, and 42.5% of 

the sample exhibited one risk factor for MetS. For an aver-

age adult, the recommended guideline for physical activity 

(PA) is 2.5 hours of moderate-intensity aerobics per week. 

Individuals can meet the recommended PA guidelines, but 

still live a less-than-ideal lifestyle. Sedentary individuals who 

follow the weekly recommendations for PA, but are seden-

tary for great lengths throughout the day, are at a higher risk 

for cardiometabolic diseases relative to their less sedentary 

counterparts who exercise the same amount.3 Unfortunately, 

meeting the PA guidelines alone cannot overcome the nega-

tive effects of high amounts of daily sedentary behavior.

With the high prevalence of MetS, dyslipidemia, and pre-

diabetes and an increase in the risk of CVD due to prolonged 

sedentary behavior, there is a need to include options to limit 

these sedentary behaviors, especially in a university setting. A 

simple approach to achieve this goal is to provide students the 

option to stand during courses rather than sit. A recent publica-

tion on the feasibility of standing desks in a university-based 

classroom found that 95% of students preferred the option 

to stand.4 Therefore, standing desk could be a simple way to 

lessen the negative cardiometabolic effects of increased sed-

entary behavior. To our knowledge, there have been no prior 

studies investigating the effectiveness of standing desks in the 

university setting. The purpose of the present study was to 

assess the effectiveness of a standing desk university classroom 

model for attenuating cardiometabolic risk in a cohort of col-

lege students. It was hypothesized that incorporating standing 

desks into the university classroom setting will improve the 

cardiometabolic risk factor profile of college students.

Materials and methods
Participants
Participants (n=21) were recruited through poster advertise-

ment, word-of-mouth, and email between November 2017 

and January 2018. The characteristics of participants who 

completed the study (n=21) are shown in Table 1. Each par-

ticipant was asked to read and sign an informed consent form 

outlining the study procedures and goals of the study, and 

agreeing that her/his participation was voluntary. Addition-

ally, each participant was informed verbally and in writing 

that the consent could be withdrawn at any time without any 

consequence. Inclusion criteria were: 1) ≥18 years old and 

2) a college student at Western State Colorado University 

with at least two classes in a single, specified building on 

campus. Exclusion criteria were: 1) pregnancy and 2) an 

injury/medical condition that would prevent standing for 

an extended period of time. This study was approved by the 

Human Research Committee of Western State Colorado 

University (HRC2017-02-02R03).

Experimental design
This randomized, crossover trial was designed to evaluate the 

effects of increased standing time on various cardiometabolic 

markers, including fasting blood glucose, high-density lipo-

protein (HDL) cholesterol, triglycerides, and SBP/DBP. Data 

were collected from January to March 2018. All participants 

were part of the intervention and served as their own controls. 

The intervention trial required standing during at least two 

different class periods per week, utilizing standing desks; 

this totaled to a minimum of 5 hours per week of standing 

for 3 weeks. The control trial required sitting in the same two 

classes for 3 weeks. The control and intervention trials were 

separated by a one-week washout period in which all partici-

pants were required to sit. The participants were randomized 

to the trial which they would start with first.

At baseline, measures were obtained for the following 

variables: age, height, weight, waist circumference, hip 

circumference, resting blood pressure, and fasting lipids/

blood glucose. Additionally, each participant also filled two 

survey questionnaires regarding PA and sedentary behavior: 

International Physical Activity Questionnaire and Sedentary 

Behavior Questionnaire. Each week throughout the study, 

with the exception of the washout week, fasting blood glucose 

and lipid profiles and resting blood pressure were measured. 

Further, on one occasion in the intervention, a metabolic cart 

was used to measure gas exchange data between standing and 

Table 1 Participant characteristics (values are mean ± SD and %)

Parameter Combined 
(n=21)

Males 
(n=13)

Females 
(n=8)

Age (years) 22.7±6.4 21.2±1.2 25.3±10.2
Height (cm) 174.3±10.0 180.0±7.6 165.2±5.7
Weight (kg) 70.6±14.3 78.8±11.3 57.2±5.9
BMI (kg/m2) 23.0±3.0 24.3±3.0 20.9±1.3
Waist (cm) 74.4±6.9 78.5±4.7 67.8±4.3
Waist-to-hip ratio 0.76±0.05 0.79±0.03 0.73±0.05
Ethnicity

Caucasian (%) 71.4 53.8 100.0
Black (%) 23.8 38.5 0.0
Hispanic (%) 4.8 7.7 0.0

Abbreviation: BMI, body mass index.
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sitting for each participant to establish metabolic demands 

of the activities. A flow diagram of the experimental design 

outlining the timing of measurements throughout the duration 

of the study is presented in Figure 1.

Procedures
Anthropometric measurements
All anthropometric measurements were obtained using stan-

dardized guidelines.5 The participants were weighed to the 

nearest 0.1 kg on a medical-grade scale and measured for 

height to the nearest 0.5 cm using a stadiometer. Waist and 

hip circumference measurements were obtained using a cloth 

tape measure with a spring-loaded handle (Creative Health 

Products, Ann Arbor, MI, USA). For waist circumference, a 

horizontal measurement was taken at the narrowest point of 

the torso (below the xiphoid process and above the umbilicus). 

Hip circumference measures were obtained at the point where 

the buttocks extended the maximum when viewed from the 

Figure 1 Experimental flowchart.
Abbreviations: FBG, fasting blood glucose; HC, hip circumference; RBP, resting SBP/DBP; WC, waist circumference.
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side. Measurements of each site (ie, waist and hip) were taken 

three times before averages were calculated and recorded. 

Waist-to-hip ratios were calculated using the averages.

Fasting blood lipid and blood glucose measurement
A fasting blood sample was collected and analyzed for the 

measurement of blood lipid profile and glucose. Participants’ 

hands were washed with soap and rinsed thoroughly with water, 

then cleaned with alcohol swabs, and allowed to dry. Skin was 

punctured using lancets, and a fingerstick sample was collected 

into heparin-coated 40 µL capillary tube. Blood was allowed to 

flow freely from the fingerstick into the capillary tube without 

milking of the finger. The samples were then dispensed imme-

diately onto commercially available test cassettes for analysis 

in the Cholestech LDX System (Alere Inc., Waltham, MA, 

USA) according to strict standardized operating procedures. 

The Cholestech LDX system measured total cholesterol, HDL 

cholesterol, low-density lipoprotein cholesterol, triglycerides, 

and blood glucose in the fingerstick blood. A daily optics check 

was performed on the Cholestech LDX analyzer.

Resting blood pressure measurement
The procedures for measuring resting blood pressure outlined 

elsewhere were followed.5 Briefly, the participants were 

seated quietly for 5 minutes in a chair with a back support 

with feet on the floor and arm supported at the heart level. 

The left arm brachial artery blood pressure was measured 

using a sphygmomanometer in duplicate at 1-minute interval. 

The mean of the two measurements was reported for baseline 

and weekly values.

MetS z-score
A continuous risk score assessment scale (MetS z-score) 

was used previously to identify changes in MetS risk fac-

tors following an exercise intervention.6 The MetS sever-

ity was presented as sex-specific MetS z-score calculated 

using the following equations:7 1) MetS z-score
men

 =[(40– 

HDL-C)/8.9]+[(TG –150/69)]+[(FG –100)/17.8]+[(WC 

–102)/11.5]+[(MAP –100)/10.1]; 2) MetS z-score
women

 =[(50– 

HDL-C)/14.5]+[(TG –150/69)]+[(FG –100)/17.8]+[(WC 

–88)/12.5]+[(MAP –100)/10.1], where FG = fasting glucose, 

HDL-C = high-density lipoprotein cholesterol, MAP = 

mean arterial pressure, TG = triglycerides, and WC = waist 

circumference.

Standing desk protocol
The standing desks were located within the Department of 

Recreation, Exercise, and Sport Science at the local univer-

sity. All participants used the standing desks for 3 weeks in 

two of their classes, totaling to a minimum of 5 hours per 

week. The participants were instructed not to lean on the 

desks or other stationary items while using the desk to avoid 

contamination of results during data collection. They were 

also encouraged not to stand outside of their requirements 

for this study nor did they keep a log. The participants were 

asked each week at the lipid profile test regarding whether 

they attended their classes, stood in their classes, and left 

early from class; total hours of standing per week were 

recorded.

Measurement of the metabolic equivalents (METs) of 
sitting and standing
The participants were required to attend a 1-hour metabolic 

testing session to measure the METs of sitting and standing. 

Because numerous factors affect the true resting metabolic 

rate, the participants were required to refrain from eating 

for 2–4 hours before the test, from consuming caffeine for 

at least 4 hours before the test, and from exercising. The 

test was rescheduled if the participant felt ill. The sessions 

occurred in this order: 1) seated at a desk for 20 minutes and 

2) standing at a standing desk for 20 minutes with a 5-min-

ute break between each session. During each 20-minute 

session, the participant was asked not to talk or laugh. The 

participants could read, write, text, or watch videos if the 

activity was relaxing. At the start of each 20-minute session, 

the participants were instructed to wear a mask apparatus 

with a breathing valve to collect expired gases. Expired 

gases were collected using the Parvo Medics TrueOne 

2400 Metabolic Measurement System (Sandy, UT, USA). 

For analyses, the METs of the last 5 minutes of each sitting 

and standing session were averaged and recorded. A visual 

depiction of the protocol for the measurement of standing 

METs is shown in Figure 2.

Statistical analysis
All analyses were performed using SPSS Version 25.0 

(IBM Corporation, Armonk, NY, USA). All variables were 

initially checked for normality using the Kolmogorov–

Smirnov test. Measures of centrality and spread are pre-

sented as mean ± SD. Mean cardiometabolic measures 

representative of the 3 weeks of sitting and 3 weeks of 

standing were calculated using the data collected from the 

weekly assessments. Next, MetS z-scores representative 

of the 3-week blocks of sitting and standing were deter-

mined. Differences in cardiometabolic factors and MetS 

z-scores between standing and sitting were analyzed with 
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paired t-tests. Likewise, the difference in METs between 

standing and sitting was analyzed with a paired t-test. 

Lastly, the mean difference in MetS z-score between sit-

ting and standing was calculated. To determine individual 

MetS z-score responsiveness to standing, delta values (Δ) 

were calculated (standing minus sitting) to establish the 

change (Δ) in MetS z-score. Subsequently, the partici-

pants were categorized as a “responder” if Δ was <0 or 

“nonresponder” if Δ was >0. The alpha level of statistical 

significance was set at P<0.05 for all analyses.

Results
All analyses and data presented in the results are for those 

participants (n=21) who completed the intervention. One 

participant dropped out of the study because of a medi-

cal leave of absence from school not associated with the 

study. All participants acted as their own control in this 

crossover-design study. The participants were randomly 

assigned to sit or stand for 3 weeks followed by a 1-week 

(sitting) washout and 3 weeks of the opposite condition to 

the first 3 weeks. Both phases were well tolerated by all 

participants.

Lifestyle
As illustrated in Table 2, the sample on average exercised 

greater than the minimum recommendations by the American 

College of Sports Medicine.5

Cardiometabolic risk factors and METs
The mean measurements for cardiometabolic risk factors for 

3 weeks of sitting and 3 weeks of standing along with METs 

are presented in Table 3. Paired t-tests revealed significant 

differences (P<0.05) in all cardiometabolic risk factors 

between the 3 weeks of sitting and 3 weeks of standing time 

blocks. Moreover, MetS z-score was significantly improved 

(P<0.05) during the 3 weeks of standing vs 3 weeks of sit-

ting. The METs were significantly higher (P<0.05) during 

standing than during sitting.

Interindividual variability in MetS z-score 
responses to standing
The incidence of MetS z-score responders and nonresponders 

to standing in the classroom when compared to sitting is 

presented in Figure 3. Although there was considerable 

Figure 2 A study participant with the attached Parvo Medics metabolic analyzer during the measurement of standing METs.
Abbreviation: METs, metabolic equivalents.
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interindividual variability in the ∆ MetS z-score response, 

there was a 100% (21/21) incidence of a favorable change 

(ie, responders) in MetS z-score response.

Discussion
The main finding of the present study was that a standing 

desk in the classroom paradigm significantly improved 

cardiometabolic health in a cohort of university students 

throughout a short 3 weeks time span. Overall, the interven-

tion was well tolerated and therefore may be a promising 

modality to improve the cardiometabolic health profile of 

students who engage in high levels of sedentary behavior. 

Increasing standing time in the classroom, and therefore 

lessening weekly sedentary behavior, could be a potential, 

wide-scale, effective strategy for primordial prevention of 

cardiometabolic diseases.

The active couch potato lifestyle
In recent years, the term “active couch potato” has been 

used to describe people who meet PA recommendations 

yet spend the remainder of their waking hours engaged in 

primarily sedentary behaviors. Indeed, Table 2 indicates 

that the participants in the present study likely could be 

categorized as “active couch potatoes”. It has been dem-

onstrated that a negative dose–response relationship exists 

between sedentary behavior and waist circumference, blood 

pressure, and blood glucose levels, further emphasizing 

that sedentary behavior is a risk factor independent from 

physical inactivity.8 Moreover, the amount of time spent in 

sedentary behaviors is positively correlated with all-cause 

Table 2 Physical activity and sedentary behavior (mean ± SD) based on the International Physical Activity Questionnaire and Sedentary 
Behavior Questionnaire

Parameter Combined (n=21) Males (n=13) Females (n=8)

IPAQ number of days with vigorous physical activity 3.4±2.4 3.0±2.6 4.1±2.2
IPAQ time spent doing vigorous physical activity (minutes) 80.5±83.8 86.2±103.6 71.3±39.2
IPAQ number of days with moderate physical activity 4.2±2.3 3.9±2.5 4.6±1.9
IPAQ time spent doing moderate physical activity (minutes) 96.4±67.6 92.3±66.6 103.1±73.1
IPAQ number of days with walking 4.4±2.4 4.0±2.5 5.1±2.0
IPAQ time spent walking (minutes) 56.2±101.7 67.8±127.1 37.5±34.4
SBQ weekday sedentary behavior (minutes) 441.4±179.8 469.6±205.6 395.6±126.5
SBQ weekend sedentary behavior (minutes) 525.7±188.5 576.9±202.8 442.5±135.1

Abbreviations: IPAQ, International Physical Activity Questionnaire; SBQ, Sedentary Behavior Questionnaire.

Table 3 Cardiometabolic and metabolic variables for sitting and standing (mean ± SD) and mean differences (95% CI) between postures

Parameter Sitting (n=21) Standing (n=21) Mean difference (95% CI)

SBP (mmHg) 120.3±10.4 117.4±9.5a –2.86 (-0.69 to -5.02)
DBP (mmHg) 75.4±6.8 74.0±6.9a –1.43 (-0.71 to -2.15)
Triglycerides (mg/dL) 85.2±28.3 75.4±22.1a –9.82 (-4.69 to -14.96)
HDL cholesterol (mg/dL) 54.8±14.4 57.5±14.9a 2.67 (2.01–3.32)
Blood glucose (mg/dL) 86.3±5.4 84.5±5.6a –1.81 (-0.92 to -2.70)
METs 1.02±0.07 1.47±0.09a 0.44 (0.40–0.49)
MetS z-score –5.25±2.69 –5.91±2.70a –0.66 (-0.53 to -0.78)

Note: aStatistically significant (P<0.05).
Abbreviations: DBP, diastolic blood pressure; HDL, high-density lipoprotein; METs, metabolic equivalents; MetS, metabolic syndrome; SBP, systolic blood pressure.

Figure 3 Interindividual variability in ∆ MetS z-score responses to standing when 
compared to sitting.
Abbreviation: MetS, metabolic syndrome.
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mortality, type 2 diabetes, cancer, high body mass index, 

CVD, and MetS.9 Therefore, for participants in the current 

sample and others in the population who spend the majority 

of their waking hours sedentary, exercising for an hour may 

not be enough to stave off the deleterious cardiometabolic 

effects from prolonged sitting.

Cardiometabolic risk factors
The relationship between sedentary behavior and cardio-

metabolic disease risk is well established.8,10,11 From the 

findings of the present study and those of other studies, 

adjusting the physical environment of schools and offices 

can have a major impact with regard to health outcomes 

in students and workers alike. As more and more time per 

day is dedicated to low MET activities (≤1.5 METs), in 

the name of productivity and/or entertainment, increasing 

standing time may be a simple, yet effective way to decrease 

the negative cumulative health consequences of prolonged 

sitting. To date, the present study is the first to assess the 

effects of increasing standing time on cardiometabolic risk 

factors in college students. Other studies on college stu-

dents in this topic have focused on cognition12 and energy 

expenditure13 while at active workstations. As these studies 

differ in methodology and intention, it is difficult to relate 

them to the present study. However, on the basis of previous 

research on office workers, together with the present study, 

we can extrapolate and derive some conclusions on the effi-

cacy of incorporating standing desks into the school/work 

environment. In this study, the participants were relatively 

healthy (Table 3), and yet, they experienced widespread 

subtle improvements in cardiometabolic health with reduced 

sitting. It may be surmised that the changes seen in a less 

healthy cohort would be greater. Indeed, several authors have 

reported that a standing intervention elicits improvements 

in various cardiometabolic risk factors such as HDL choles-

terol,14 total cholesterol, and DBP.15 With regard to energy 

expenditure and substrate utilization, Gao et al10 found 

a significant increase in muscle activity (49.4%), energy 

expenditure (9.2%), and fat oxidation (fat usage increased 

from 39.4% to 48.3% and carbohydrate usage decreased 

from 60.6% to 51.7%) when standing compared to that when 

sitting in 18 Finnish, female, middle-aged office workers 

(49.4±7.9 years). The increase in fat oxidation is vital as it 

may lead to improved insulin sensitivity over time, which 

is a primary goal when targeting reduced cardiometabolic 

disease risk. Additionally, increasing muscle activity and 

energy expenditure with each day, week, and year may result 

in gradual and sustained long-term improvements in one’s 

lifetime cardiometabolic profile.

Primordial prevention
To take a step in the other direction, with regard to pri-

mordial prevention, as mentioned previously, the present 

study group was reasonably healthy and they still saw a 

positive change. This raises the question – are we too late 

in looking at college students? What would the cardiometa-

bolic profiles of college students look like had they been 

standing in class since kindergarten? The current trend in 

primary education is to provide different “workstation” 

options for children, where they can choose to sit or stand. 

As children progress, however, through secondary school 

and then into college, the norm is to keep people in their 

seats. Therefore, by the time one enters the workplace, 

these habits are well formed and the road to poor health 

has been set in motion. The good news is that, on the basis 

of the modest yet significant changes seen in this study 

with 3 weeks of standing in the classroom, regardless of 

when sitting behavior changes during the lifespan, cardio-

metabolic risk factors may be reduced, reversed, or even 

prevented all together.

Cardiometabolic outcomes: standing vs 
exercise training
Interestingly, positive modifications in the cardiometabolic 

profile observed in the present study that occurred over 

the course of 3 weeks of classroom standing (Table 3) are 

comparable to modifications reported in the literature with 

regular aerobic exercise training. For example, the chronic 

benefits from aerobic exercise training in terms of blood 

pressure reduction are a decrease of 3 and 2 mmHg in SBP 

and DBP, respectively, after anywhere between 1 and 6 

months of training.16 Although these changes appear rather 

unassuming, it has been demonstrated that a blood pressure 

decrease of as little as 2 mmHg is associated with a 6% 

decrease in stroke mortality and a 4% decrease in coronary 

artery disease.17 Three months of aerobic exercise training 

has been linked to increase in HDL cholesterol of 2–8 mg/

dL.18 This positive modification of the lipid profile yields 

important overall health benefits as it has been estimated that 

for every 1 mg/dL increase in HDL cholesterol, the risk of 

a coronary heart disease event is reduced by 2%–3%.19 Tri-

glycerides can also be attenuated following several months 

of regular exercise training with typical reductions between 

5 and 38 mg/dL.18
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Methodological considerations
Thus far, the research design of studies on increasing stand-

ing time in office and other settings has been inconsistent in 

controlling for standing time as well as length of interven-

tion. Despite methodological differences across studies, an 

emerging theme is that decreasing sitting time (and concomi-

tantly increasing standing time) appears to be beneficial in 

improving cardiometabolic risk factors and increasing energy 

expenditure. To fully understand the impact of changing 

the work environment to include more standing time, it is 

imperative to have consistency with regard to the number of 

hours per day spent standing. Additionally, understanding the 

time component, with regard to weeks of standing, to elicit 

positive change in the cardiometabolic profile of sedentary 

adults is also needed.

Conclusion
The relationship between sedentary behavior and cardio-

metabolic disease risk is well established. As such, the 

results of the current study provide encouraging prelimi-

nary evidence that subtly adjusting the classroom environ-

ment to promote increased standing time and decreased 

sitting time can help improve cardiometabolic health of 

students in the university setting. A standing desk in the 

classroom paradigm could be a potential, wide-scale, effec-

tive strategy for primordial prevention of cardiometabolic 

diseases.
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