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Breaking Up Prolonged Sitting
With Standing or Walking
Attenuates the Postprandial
Metabolic Response in
Postmenopausal Women:

A Randomized Acute Study

Digbetes Core 2016;39:130-138 | DOL 10.2337/dc15- 1240

OBJECTIVE

To determine whether breaking up prolonged sitting with short bouts of standing
orwalking improves postprandial markers of cardiometabolic health inwomen at
high risk of type 2 diabetes.

RESEARCH DESIGN AND METHODS

Twenty-two overweight,/obese, dysghycemic, postmenopausal women (mean = 50
age 66.6 = 4.7 years) each participated in two of the following treatments:
prolonged, unbroken sitting (7.5 h) or prolonged sitting broken up with either
standing or walking at a self-perceived light intensity (for 5 min every 30 min).
Both allocation and treatment order were randomized. The incremental area
under the curves [iAUCs) for glucose, insulin, nonesterified fatty acids [NEFA),
and trighycerides were caleulated for each treatment condition (mean = SEM).
The following day, all participants underwent the 7.5-h sitting protocol.

RESULTS

Compared with a prolonged bout of sitting (JAUC 5.3 = 0.8 mmal/L - h), both
standing (3.5 = 0.8 mmol/L - h) and walking (3.8 = 0.7 mmol/L - h} significantly
reduced the glucoseiAUC (both P < 0.05). When compared with prolonged sitting
(548.2 = 7LE mU/L - h), insulin was also reduced for both activity conditions
[standing, 437.2 = 735 mU /L + h; walking, 347.9 = 78.7 mU/L - h; both P < 0.05).
Both standing (—1.0 = 0.2 mmol/L + h) and walking {—0.8 = 0.2 mmol/L « h)
attenuated the suppression of NEFA compared with prolonged sitting (—1.5 = 0.2
mmol/L -+ h) (bothP < 0.05). There was no significanteffect on trigyceride iAUC The
effectson glucose (standing and walking) and insulin (wa lking only) persisted intothe
following day.

CONCLUSIONS

Breaking up prolonged sitting with 5min bouts of slanding or walking at a self-
perceived light intensity reduced postprandial glucose, insulin, and MEFA responses
in women at high risk of type 2 diabetes. This simple, behavioral approach could
inform future public health inte ventions aimed atimproving the metabolic profile of
postmenopausal, dysg hycemic women.
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Sitting Control

Standing Condition

Leicester protocols
(Henson et al. 2016 Diabetes Care)
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Plasma Glucose iAUC (mmol/L-h)

Plasma glucose {mmol/L)

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

8.0

7.0

6.0

5.0

4.0

Glucose —Day 1

Sitting Sitting + Standing  Sitting + Walking

Time (h)

iAUC: Standing vs. sitting p=0.022; Walking vs. sitting p=0.009

Plasma insulin (mU/L)

Plasma Insulin iAUC (mU/L-h)

800

700

600

500

400

300

200

100

200 -
175
150
125
100 -
75 +
50

25

Insulin—Day 1

Sitting Sitting + Standing Sitting + Walking

Time (h)

iAUC: Standing vs. sitting p=0.045; Walking vs. sitting p=0.008



Plasma Glucose iAUC (mmol/L-h)
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Hazards Ratio

Postprandial dysmetabolism
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Breaking up sedentary behavior with seated upper body activity

.fl~

McCarthy et al. 2017 Diabetes, Obesity and Metabolism
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Exercise vs reduced sitting

Duvivier et al. 2018 Scientific Reports
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Meta-analysis

(Chastin et al. BJSM 2018)

Mean Difference Mean Difference
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1.1.1 Normal
Bailey 2014 <159 42 104% -15.90(-24.13,-7.67) _—
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Physical activity as a modifier

Ekelund et al. 2016 Lancet
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Impact of fitness level on glucose control

McCarthy et al. 2017 MSSE
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Frequency

Fitness values compared to UK Biobank
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1,500 b=ty

1,000

85%

percentile

5004

40 60

Fitness (ml/kg)

Frequency

Women = 34 ml/kg

Women

2,000

1,500

1,000

500+

65%
percentile

40 G0

Fithess (mllkg)




Ethnicity also a modifier edica!

Research
Yates et al J Gerontol A-Biol in press M RC Council
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Pooled Leicester Cohorts

Age 63.6+13.6
Sex (female) 73 (56%)
BMI 27.814.9
Ethnicity (WE) 85 (65%)
Fasting insulin 10.1+8.4
Fasting glucose 5.0+0.7

HOMA-IR 2.41£2.0

Normoglycaemia 95 (73%)
Non-diabetic 35 (27%)

hyperglycaemia

Data presented as mean + SD or
number (column percentage)



Pooled results from Leicester cohorts

& b #

Variable Light physical
activity

Insulin 64.5 (58.2, 70.9) 65.8 (59.1,72.6) 54.7 (49.6, 59.9)*"

Glucose 6.0 (5.8,6.2) 6.0 (5.8,6.2) 5.7 (5.6, 5.8)*"
Adjusted for fasting values, age, sex and ethnicity




Modifiers in Leicester cohorts

| Insulin | Glucose
Ethnicity  <0.001 0.697
Sex 0.001 0.333
Age 0.022 0.459
BMI 0.002 0.006

HOMA-IR 0.610 0.935
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BMI - median split = 27.2 kg/m2
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Mechanisms
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Mechanisms

Bergouignan et al., 2016 Scientific Reports & Latouche et al., 2013J Appl Physiol
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Lipid metabolism

Hamilton et al. 2007 Diabetes Care
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VLDL components

Association with lipid types

HDL components
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Changes to the Postprandial Lipidome

(Grace et al. 2017J Clin Endocrinol Metab)

Pathways Key Lipid Class/Subclass SIT LW SRA
Diacylglycerol ™ 1 1

Proinflammatory  Triacylglycerol ™" 1 1
Phosphatidylethanolamine ™M 1 0

Anti-inflammatory  Lysoalkylphosphatidylcholine ! e !

Antioxidant : .

capacity Alkenylphosphatidylcholine ! e —
Phosphatidylserine ! 1 !
Phosphatidylethanolamine ™ 1 1

Platelet activation

Lysoalkylphosphatidylcholine ! e !



Mean Systolic blood pressure (mmHg)

Blood pressure

Yates et al J Gerontol A-Biol in press
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Average reduction = 4 (2, 6) mmHg

Equivalent to 6% difference in the risk of cardiovascular mortality



%FMD
Corrected for Shear Rate AUC

Vascular function

Restaino et al. 2015 Exp Physiol
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Future Directions: New disease areas

Example

» Can breaking prolonged sitting with light
movement be used as a therapy to

promote health in
— Breathlessness &
— Diabetic foot X




Future Directions — Ecological validity

Example

» Breaking sedentary behaviour with light
walking or light resistance exercise
according to the legal rest requirements
for Lorry Drivers



Future Directions — chronic exposures

Prolonged sitting Prolonged sitting

4 week intensive intervention

WETRIGCELS Walking breaks




Conclusion

Experiential evidence shows that regularly
breaking sitting with light-intensity movement
acutely improves metabolic health

Those with low fithess, of South Asian
ethnicity, older age and greater BMI may
benefit the most

Breaking prolonged sitting with light walking
may also improve endothelial function and
vascular health
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