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Operate study

How does the combination of 
hormone replacement therapy (HRT) + exercise 

affect insulin sensitivity 
compared to HRT alone or exercise alone?



Methods

In- and exclusion criteria

Diagnosis of menopause

– Clinical: cessation of menses 12 months

– Blood analysis (FSH > 40IU/L, LH > 30IU/L, E2 < 25pg/ml) 

Age: 45 - 65 years

BMI: 20 - 30 kg/m²

No medication use except statins

No severe illnesses
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Results

Ex HRTHRT + Ex

n = 18 n = 20 n = 18

No significant differences in baseline characteristics between groups

Age (years) BMI (kg/m2)

N = 56 55 ± 3 27,6 ± 4,7



Results

HRT + Ex Ex HRT Time effect Group effect Interaction effect 
Time*Group

Fat mass 
(%)

T1 35 ± 7,7 34 ± 6,0 34 ± 6,5
p<0,001 p=0,899 p=0,003

T2 33 ± 7,1 33 ± 5,8 33 ± 6,2

Fat free 
mass (%)

T1 64 ± 7,8 64 ± 8,7 66 ± 6,2
p<0,001 p=0,740 p=0,404

T2 67 ± 7,3 66 ± 5,8 67 ± 6,8

BMI (kg/m2) T1 28,5 ± 5,7 27,6 ± 3,8 26,9 ± 4,6
p=0,958 p=0,707 p=0,515

T2 28,2 ± 5,9 27,6 ± 3,8 27,2 ± 4,8
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Results

HRT + Ex Ex HRT Time effect Group effect Interaction effect 
Time*Group

Muscle 
strength/fat 
free mass

T1 2,8 ± 0,4 2,8 ± 0,5 2,7 ± 0,3
p<0,001 p<0,001 p<0,001

T2 3,5 ± 0,4 3,4 ± 0,5 2,6 ± 0,3

Relative 
peak VO2

T1 25,17 ± 4,69 24,63 ± 4,51 23,53 ± 4,55
p=0,008 p=0,241 p=0,113

T2 26,59 ± 4,32 26,00 ± 4,63 23,43 ± 4,73
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Results

HRT + Ex Ex HRT Time effect Group effect Interaction effect 
Time*Group

glucose 
(mg/dl)

T1 97 ± 16 92 ± 19 93 ± 6
p=0,041 p=0,382 p=0,758

T2 92 ± 8 87 ± 9 92 ± 6

Insulin
(pmol/l)

T1 56 ± 26 53 ± 40 46 ± 25
p<0,001 p=0,899 p=0,047

T2 31 ± 12 35 ± 17 46 ± 22

HOMA-IR T1 2,14 ± 1,12 1,85 ± 1,46 1,59 ± 0,99
p<0,001 p=0,920 p=0,046

T2 1,10 ± 0,45 1,17 ± 0,48 1,56 ± 0,77

For ∆ HOMA-IR

HRT + Ex vs. Ex: p=0,674

HRT + Ex vs. HRT: p=0,042

Ex vs. HRT: p=0,298
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Results

For ∆ muscle strength/fat free mass

HRT + Ex vs. Ex: p=0,722

HRT + Ex vs. HRT: p<0,001

Ex vs. HRT: p<0,001
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HRT + Ex Ex HRT Time effect Group effect Interaction effect 
Time*Group

Muscle 
strength/fat 
free mass

T1 2,8 ± 0,4 2,8 ± 0,5 2,7 ± 0,3
p<0,001 p<0,001 p<0,001

T2 3,5 ± 0,4 3,4 ± 0,5 2,6 ± 0,3

Relative 
peak VO2

T1 25,17 ± 4,69 24,63 ± 4,51 23,53 ± 4,55
p=0,008 p=0,241 p=0,113

T2 26,59 ± 4,32 26,00 ± 4,63 23,43 ± 4,73





Conclusion

vs.  

HRT+Ex significantly improved insulin sensitivity 
and fat mass % compared to only HRT following a 

12-week intervention.

vs.

vs.

There were no significant differences in the effect of 
• HRT+Ex compared to only Ex f
• only Ex compared to only HRT

on insulin sensitivity and body composition.
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