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Sexual dimorphism of human metabolism

Mauvais-Jarvis F et al, Lancet 2020; Wang C et al, J of Mol Endocrinol 2019
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Metabolic phenotype

• ♀: ↑global fat mass (mainly subcutaneous), ↓skeletal muscle mass

• ♂: ↑ visceral fat

Karastergio K et al, Biol Sex Differ 2012; Manolopoulos KN et al, Int J of Obes 2010 3
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Metabolic phenotype

Kautzky-Willer A et al, Endocrine Reviews 2016

Man, 23yrs, 
BMI 25kg/m2

Woman, 29yrs, 
BMI 24kg/m2

Woman, 57yrs, 
BMI 34kg/m2

Man, 59yrs, 
BMI 33kg/m2
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Menopause-induced in the metabolic phenotype and risk profile

Ross R et al, Nat Rev Endocrinol 2020 ; Sun Y et al, JAMA Network Open 2019 5

♀ are more protected from cardiovascular disease 
events than ♂, until their body fat distribution 
changes with menopause towards the android 
distribution (+1-2 kg increase in body adiposity 
without any change total body weight)



Ectopic lipids: intrahepatic and intramyocellular lipid content

Marinou K et al, Brit J Nutr 2011; Lonardo A et al, Hepatology 2019 6

↓liver fat for a given level of 
adiposity

↓ NAFLD prevalence 

↑hepatic fat oxidation, ↑ketogenesis

↓de novo lipogenesis

↑capacity to clear triglycerides from 
the liver

↑ liver fat

↑ NAFLD prevalence 

↓ hepatic fat oxidation, ↓ketogenesis

↑ de novo lipogenesis

↓ capacity to clear triglycerides from 
the liver

↑intramyocellular (IMCL) lipid (size 
not number)

↑metabolic pathways for free fatty 
acid (FFA) uptake, IMCL synthesis 
and FFA transport into 
mitochondria, FFA oxidation

↑insulin 
sensitivity



Substrate utilization in different metabolic states

• Sex hormone exposure (e.g. menstrual cycle)
• Phenotypic traits (e.g. body composition, regional fat distribution)

• Aerobic fitness

7

∆ affect substrate metabolism in persons of the same sex



Fed state

Marinou K et al, Brit J Nutr 2011; Mittendorfer B et al, Am J Physiol Endocrinol Metab 2001 8

↓fat oxidation
↑fat storage

↑carbohydrate oxidation

↑insulin 
sensitivity ↑fat oxidation

↓peripheral fat storage, ↑ 
fatty acid uptake in splanchnic 

tissues, ↑carbohydrate 
storage



Exercising/fasted state

Tramunt B et al, Diabetologia 2020 9

↑fat oxidation, ↑ketogenesis, 
↓carbohydrate oxidation

↓adrenaline response
↑suppression of insulin



Obesity worldwide

10

• Globally, prevalence of obesity (at 
all socioeconomic levels and for 
all age groups) is  higher for ♀
than ♂

• Gender disparities in overweight 
and obesity are more pronounced 
in developing countries

♀



Obesity Switzerland

• ♂ are more likely than women to be overweight 
(globally)

• In Switzerland, across-age obesity is more 
prevalent in ♂

• Causes are both biological and social 
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Physical activity

• Across most countries, ♀ are less active than ♂ (global average of 31.7% for inactive ♀ vs 23.4% 
for inactive ♂)

12Guthold R et al, Lancet Global Health 2019



Eating habits and food choices

• Meal size and frequency are similar between ♀ and ♂
• Menstrual cycle: daily food intake lowest during periovulatory

period (±2 days of LH surge) at max estradiol (E2) 
concentrations, more sweets during the luteal phase

• E2 influences food intake via effects on orexigenic (inhibitory) 
and anorexigenic (stimulatory) peptides involved in central 
control of food intake: CCK, NPY, ghrelin

• Food choice: ♀ more fruits, vegetables, fibers, less fat; ♂ more 
beef

• Although ♀ are generally more healthy-oriented, when they 
are stressed they produce a more impulsive-reward –oriented 
food choice compared to ♂

Geary G et al, Peptides 2001; Asarian L et al, Horm Behav 2002; Manippa V et al, Fron Hum Neurosc 2017 13



Obesity-related comorbidity

• Diabetes, dyslipidemia, non-alcoholic fatty liver disease (♀ pre-menopausal < ♂)
• Cardiovascular diseases

• Mainly determined by fat distribution and co-existence of diabetes

• Obstructive sleep apnoea (♀ < ♂)
• Osteoarthritis (both ♀ and ♂)
• Cancer (55% of cancers in ♀ and 24% of in ♂ )

• Fertility (both ♀ and ♂)
• Obstetric (♀): gestational hypertension, gestational diabetes, preeclampsia, large for gestational 

infants, congenital defects

• Quality of life: lower in ♀ than ♂ (weight-related social stigma, self-esteem, public distress, 
physical functioning, sexual life) 

Mason SI et al, Am J Surg 2006; HP Santry et al, JAMA 2005; Hult S et al, Obes Surg 2019 14



Weight loss interventions

• ♂ are less likely to attend (self-paid) weight loss programmes
(e.g. weight watchers)

• audit of 1.3 m people attending a weight loss programme in 
the UK: only 5% ♂

• Even when referred by a GP, only 10% ♂

RJ Stubbs et al, BMC Public Health 2015; Pagoto SL et al, Obesity 2012 15



Weight loss interventions

• ♂ are underrepresented in clinical trials of weight loss interventions 
(lifestyle, adjuvant pharmacotherapy, bariatric surgery)

16



Weight-reducing (bariatric) surgery

• ♀ >5-times more likely than ♂
• ♀ operated at a younger age
• Distress related to appearance  is a more frequent 

motivation for bariatric surgery in ♀ than ♂
• If treated, ♂ patients have a higher BMI and comorbidity

• ♂ more frequently motivated by a healthcare professional or 
family member rather than themselves

• Cardiometabolic health benefits are similar between ♀ and 
♂, satisfaction higher in ♂ than ♀

• Sex-specific risks (e.g. pregnancy, osteoporosis)

Mason SI et al, Am J Surg 2006; HP Santry et al, JAMA 2005; Hult S et al, Obes Surg 2019; 17



Conclusion
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Sex differences in metabolism and obesity

• (Patho)physiology
• Disease manifestation
• Help-seeking behaviour
• Offering and use of health care
• Therapeutic responses/complications
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