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Abstract 38 

Body weight management is currently of major concern as the obesity epidemic is still a 39 

worldwide challenge. As women face more difficulties to lose weight than men, there is an 40 

urgent need to better understand the underlying reasons and mechanisms. Recent data have 41 

suggested that the use of oral contraceptive (OC) could be involved. The necessity of utilization 42 

and development of contraceptive strategies for birth regulation is undeniable and contraceptive 43 

pills appear as a quite easy approach. Moreover, OC also represent a strategy for the 44 

management of premenstrual symptoms, acne or bulimia nervosa. The exact impact of OC on 45 

body weight remains not clearly established. Thus, after exploring the potential underlying 46 

mechanisms by which OC could influence the two side of energy balance, we then provide an 47 

overview of the available evidence regarding the effects of OC on energy balance (i.e. energy 48 

expenditure and energy intake). Finally, we highlight the necessity for future research to clarify 49 

the cellular effects of OC and how the individualization of OC prescriptions can improve long-50 

term weight loss management.       51 

  52 
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Introduction 53 

Obesity is a global epidemic and there is an alarming progression of the prevalence of 54 

obesity and obesity-related comorbidities in women 1,2. Despite more women trying to lose 55 

weight compared to men, weight management programs are less effective in women 3. Thus 56 

there is an urgent need to understand the factors influencing weight management and hence 57 

energy balance (EB) in women across the lifespan. Many adult women of childbearing age use 58 

hormonal agents to support menstrual regularity and provide birth control with oral 59 

contraceptives (OC) being the most popular form 4,5. The influence of female reproductive 60 

hormones, and specifically OC use, has well-described effects on substrate utilization at rest 61 

and during exercise. Surprisingly, despite weight gain being one of the most common side 62 

effects of OC use reported by women 6,7, the influence of OC use on energy balance and 63 

specifically energy intake (EI) and energy expenditure (EE) is not well-known. The aim of this 64 

narrative review is to propose potential mechanisms to explain the relationships between 65 

exogenous hormones contained in OC and EI and EE the two primary determinants of energy 66 

balance and to determine the influence of OC use on EI, EE and weight status. 67 

1-Energy Balance 68 

Weight regulation depends on subtle adaptations between EI and EE. Weight loss and weight 69 

gain involve a prolonged period of either negative or positive EB (i.e. energy imbalance), 70 

respectively, whereas weight maintenance is characterized by a period of achieving equilibrium 71 

between these two constructs 8. Energy intake is defined as the dietary energy provided three 72 

macronutrients (i.e., carbohydrate, protein and lipids) and alcohol contained in foods and drinks 73 

9. Total daily EE is comprised of three compartments, namely basal metabolic rate (BMR; ~60-74 

75% of daily EE), the thermic effect of food (TEF; ~10-15% of daily EE) and the energy 75 

expended in physical activity (~20-30% of daily EE) which can come from either structured 76 

physical activities or non-exercise activities 8,10. 77 
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For several decades, the influences of EI and EE on body weight regulation have been 78 

considered independently. Evidence shows that important interactions exist between EI and EE 79 

to affect body weight. For example, energy consumed at rest by tissues and organs represents 80 

the major part of daily EE, and at the same time there is a functional association between body 81 

composition and EE 9. Exercise impacts EI, appetite sensation and food reward 11,12. Likewise, 82 

EI has been shown to be influenced by fat-free mass and resting metabolic rate (RMR) 13. Thus, 83 

energy balance is a dynamic regulatory system with EE and EI influencing each other 14. 84 

However, little is known regarding the potential mechanisms of the effect of synthetic hormones 85 

used in OC formulation on both components of energy balance. 86 

2 -Possible mechanisms of Oral Contraceptives on EE and EI  87 

Surprisingly, while many women of childbearing age use OC 15,16 there are few data 88 

investigating synthetic hormones effects on both component of energy balance. A large variety 89 

of combined OC are available which differ by their constituents; particularly the type of 90 

progestin (derivatives of testosterone with different degrees of androgenic and estrogenic 91 

properties), and the dose of synthetic estrogen (i.e.ethinylestradiol) which ranges from 10 to 92 

50µg. Progestin can be derivatives of testosterone with different degrees of androgenic and 93 

estrogenic properties. Hence, in the following section, we describe the cellular mechanisms that 94 

can link OC use with EI or EE. Specifically, we highlight the role of cerebral energy sensors 95 

but will not be discussed in the context of puberty onset, as it has been recently reviewed17.  96 

2.1- Sex steroids, OC and EI 97 

2.1.1- Cellular data 98 

Animal studies have provided a number of insights into the mechanisms that may be involved 99 

in the regulation of energy balance by sex steroids. The brain is characterized as the central 100 

command center for food regulation and brain networks communicate with peripheral organs 101 

to insure metabolic and energetic regulations 18. In 2018, Xu and Lopez reviewed the 102 
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interactions between brain estrogen and hormonal/neuronal signals involved in the regulation 103 

of EI. Estrogen Receptor α (ERα) is expressed in brain areas that are implicated in EI (i.e., 104 

arcuate nucleus of the hypothalamus, nucleus of the solitary tract, dorsal raphe) and may be up 105 

or downregulated by the potency of appetite-regulatory signals (e.g., leptin, cholecystokinin, 106 

ghrelin). Several groups have summarized compelling evidence to describe the effect of 17β-107 

estradiol (E2) on overall energy homeostasis exerted at the central level (for review see 19).  108 

It has been previously reviewed that estrogen have an effect on food intake, and overall energy 109 

balance and these actions may be mediated through interactions with orexigenic and 110 

anorexigenic hormones in the brain 20-22. Leptin and insulin are two main actors driving 111 

information about energy status between periphery and brain. Both can modulate food intake 112 

23. Thus, high level of estrogen increase sensitivity to leptin’s anorexigenic action and decrease 113 

insulin sensitivity in the brain 23. Ghrelin is mainly produced by the stomach and acts on growth 114 

hormone secretagogue receptors (GHSRs) in the hypothalamus to increase food intake. There 115 

may be an interrelationship between estrogens and GHSRs. Indeed, while underlying 116 

mechanisms remain unclear, it seems that estrogen reduce the orexigenic action of ghrelin 117 

possibly via downregulation of ghrelin and its receptors’ activity 21,24. Finally, E2 has also been 118 

shown to modulate glucagon-like peptide-1 (GLP1) anorexigenic effects but cellular pathways 119 

driving this action remain to be elucidated 25. Yet, the effects of synthetic hormones, such as 120 

those found in OC formulation, on the action of the previously mentioned hormones are still 121 

not known.   122 

Anorectic effects of E2 occur in the arcuate nucleus of hypothalamus (ARC), particularly in 123 

proopiomelanocortin (POMC) neurons where ERα is highly expressed 26. During the last 124 

decade two main energy sensors in brain have gained in interest for their potential implication 125 

in energy intake; the AMP-activated protein kinase (AMPK) and the mammalian target of 126 

rapamycin (mTOR). Suppression of estrogen production induced by ovariectomy in rats 127 
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increased food intake, body weight gain and was associated with increased phosphorylation of 128 

AMPK in the hypothalamus 27. These effects were reversed after E2 replacement 27. However, 129 

whether the decrease in AMPK activation drives the anorectic effect of E2 remains to be 130 

investigated. Only one study has shown that pharmacological activation of central AMPK could 131 

reverse the anorectic effects of E2 in rats 28.  132 

 As an energy sensor mTOR seems to demonstrate opposite effects of AMPK on EI regulation 133 

in the brain. In hypothalamus, mTOR co-localize with NPY and POMC neurons and activation 134 

of mTOR signaling has been shown to reduce food intake 29. Estrogen and leptin have both 135 

been shown to mediate their anorectic effects by activating mTOR pathway and inhibiting 136 

AMPK 28-30. The interplay between E2 and leptin in this regulation is still unknown. Currently 137 

we do not know if a synthetic E2 such as ethinyl estradiol has the same central effect on AMPK 138 

and mTOR signaling.  139 

Other brain regions are involved in potential action of E2 on EI. Thus, few studies have also 140 

evaluated the relationship between hindbrain activation of AMPK, E2 and food intake 31,32. 141 

Results of these studies suggest that E2 could exert a permissive action toward AMPK 142 

activation in a fasted state whereas this effect is not found in a fed state 31. 143 

Progesterone (P4), in the presence of estrogen, favors EI. However, much remains unknown 144 

regarding the underlying mechanisms explaining such a relationship. P4 receptors are expressed 145 

in many regions of the central nervous system (i.e., hypothalamus, hippocampus, cerebellum 146 

and frontal cortex) 33, which are related to food and appetite regulation, and thus P4 may act 147 

directly or indirectly on appetite-regulatory signals. Most of the information available concerns 148 

effects of P4 on hypothalamus. The transcriptional regulator Forkhead box protein O1, which 149 

is known to interact with both P4 receptor isoforms, increases EI in upregulating neuropeptide 150 

Y and agouti-related protein mRNA expression (i.e., orexigenic neuropeptides)34,35 (Figure1). 151 

Interestingly, Stelmanska & Sucajtys-Szulc36 observed that increased EI in P4-treated female 152 
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rats was related to upregulated neuropeptide Y and downregulated cocaine- and amphetamine-153 

regulated transcript (i.e. anorexigenic neuropeptides) gene expression in the hypothalamus 154 

(Figure 1). P4 receptor activation has been shown recently to interact with kinase as mTOR in 155 

brain 34 but whether it is related to EI regulation remains unknown. It may be questioned 156 

whether the synthetic hormones contained within OC (i.e., ethinyl estradiol and progestin) will 157 

have similar affinity with estrogen and P4 receptors within the brain and if synthetic hormones 158 

will mimic the effects of endogenous estrogen and P4 on EI. In ovariectomized rats treated with 159 

E2 benzoate, progestin (i.e. R 5020) was more potent than P4 on EI, body weight and adiposity 160 

37. No difference in EI, body weight and adiposity was observed for ovariectomized rats not 161 

treated with estradiol benzoate. 162 

These results highlight the possible interaction between estrogen and progestin components on 163 

EI and metabolic regulations; yet, notably it does not represent what is commonly used in OC 164 

formulation for women today. 165 

 166 

2.1.2- Appetite related hormones 167 

Few clinical studies have investigated the effects of OC use on EI and appetite-related 168 

hormones. Interestingly, Caldwell and colleagues 38 observed that women with overweight or 169 

obesity using various forms of hormonal contraceptives tended to decrease their protein 170 

consumption during weight-loss maintenance. Considering the satiating effect of protein, the 171 

authors speculated that this could partly explain an increase in EI observed in these women in 172 

comparison to women not taking hormonal agents. The authors concluded that hormonal 173 

contraceptives may affect long term weight maintenance for women with overweight and 174 

obesity.  175 

Interventional studies have suggested a potential effect of OC use on cholecystokinin (CCK) 176 

metabolism. In 1992, Karlsson et al. 39 showed in a longitudinal study that 2 to 3 months of 177 
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monophasic combined OC use decreased the 24-hour profile of cholecystokinin (CCK) 178 

concentrations. Knowing that CCK has a satiating effect, the lowered CCK concentrations 179 

observed with OC use may be associated with increased appetite and EI reported by women 180 

using OC 39. Interestingly, Hirschberg et al. 40 also observed a decrease in CCK concentrations 181 

following 5 months of monophasic combined OC use although participants reported no change 182 

in satiety or hunger. These studies did not objectively measure changes of EI following OC use 183 

and the combined OC does not allow for the independent effects of ethinyl estradiol and 184 

progestins to be studied.  185 

 186 

2.2- Sex steroids, OC and Energy Expenditure 187 

Similar to EI, studies investigating the effects of OC on EE are scarce and potential mechanisms 188 

should be considered based mostly on animal studies investigating the effects of E2 and P4 on 189 

different tissues. Skeletal muscle and adipose tissue represent the major component of body 190 

weight and both play a role in EE regulation.  191 

2.2.1- Effects on skeletal muscle 192 

Skeletal muscle is involved in EE mainly through mitochondrial respiration and futile cycling 193 

41. E2 improves mitochondrial functioning by increasing complex I and III and mitochondrial 194 

oxidative phosphorylation system responsiveness and decreasing H2O2 production 42 (Figure 195 

2). Estrogen signaling disruption in skeletal muscle has been shown to be associated with H2O2 196 

production, ceramide accumulation and impaired oxidative capacity 43. Increase in 197 

intramuscular oxidative stress has been associated with a decrease in EE during a high fat diet 198 

regimen in rodents. Moreover, mitochondrial uncoupling decreased oxidative stress and 199 

normalized EE in rodents 44. These results suggest that a specific cellular context that increases 200 

oxidative stress can decrease mitochondrial ability to respond to metabolic demand.  201 
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Clinical studies have shown that conversely to E2, P4 could promote H2O2 production by 202 

skeletal muscle mitochondria in women 45. As there is no apparent oxidative stress in healthy 203 

women with normal menstrual cycles, perhaps the protective effect of E2 on H2O2 production 204 

is the ability to overcome the effect of P4. However, with OC use oxidative stress could be 205 

increased depending on the nature of contraceptive used 46,47. This cellular stress could affect 206 

the ability of the mitochondria to respond to cellular energy demand and thus influence EE. 207 

Endogenous levels of E2 are lower in OC users hence its protective effect on oxygen reactive 208 

species production could be partially or totally abolished. 209 

 210 

2.2.2- Effects on liver 211 

Estrogen can modulate specific metabolic pathways in the liver via ERα. Studies using 212 

ovariectomized liver knockout-ERα mice demonstrated that E2 in this tissue did not impact 213 

body weight or body fat mass but was essential for insulin sensitivity and protection against 214 

steatosis48,49. These protective effects seem to be mediated through ERα signaling in 215 

hepatocytes 48. Thus, a recent work from Allard and colleagues 50 showed that E2 stimulates 216 

the production of fibroblast growth factor 21 by liver which contributed to increase in whole 217 

body oxygen consumption and EE in female mice (Figure 2). Few studies have suggested that 218 

OC use can have deleterious effects on liver metabolism induced by oxidative stress after 219 

metabolism of ethinyl estradiol in rats 51,52. Oxidative damages with OC use may impact cellular 220 

metabolism via hepatokine production but this hypothesis needs to be further investigated.  221 

 222 

2.2.3 Effects on adipose tissue 223 

The main function of adipose tissue is to facilitate energy homeostasis through storing and 224 

releasing lipids. Adipocytes are also specific location where testosterone could be converted in 225 
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estrogens by aromatase. Estrogen can increase thermogenesis in adipose tissue through central 226 

and peripheral processes.  In vitro and in vivo studies on rodents have suggested that activation 227 

of ERα in adipocytes can induce beiging of white adipose tissue 53,54 (Figure 2). This effect is 228 

mediated by rapid activation of AMPK, which promotes adipose triglycerides lipase-dependent 229 

lipolysis, followed by an increase in uncoupling protein 1 (UCP-1) expression 55. Specific 230 

genetic manipulation of ERα has shown that brain, particularly ventro medial hypothalamus 231 

(VMH), is involved in estrogen mediated effects on EE in rodents 56. Thermogenesis in brown 232 

adipose tissue (BAT) is mainly regulated by VMH and by expression level of β3-Adreno 233 

receptors at brown adipocyte surface 57. Indeed, administration of E2 can increase BAT 234 

thermogenesis by decreasing AMPK activation in the VMH 28. Thus, estrogen in VMH 235 

stimulates EE by increasing firing rate of the sympathetic nerves connected to BAT which in 236 

turn increase UCP1 protein level (Figure 2). The same group also showed that a central injection 237 

of E2 to ovariectomized rats suppressed lipotoxicity induced by an increase level of ceramide 238 

in the VMH58. This improvement to lipid metabolism was associated with a decrease in 239 

endoplasmic reticulum stress and an increase whole body EE, lipid oxidation, and body 240 

temperature 58.  241 

Animal studies have recently shown that blocking follicle stimulating hormone (FSH) increases 242 

beiging of white adipose tissue with increased mitochondrial biogenesis and UCP1 expression 243 

59. Based on these results it could be expected that women taking OC who have a decrease in 244 

FSH and luteinizing hormone (LH) 60,61, would have an increase in BAT thermogenesis and 245 

thus an increase in EE. Furthermore, the decrease in endogenous estrogen with OC use, and 246 

subsequent activation of metabolic pathways mediated by ERα, could in turn blunt the increase 247 

of the FSH-Receptor (FSHR) mediated pathway. This raises several questions; what is the 248 

quantitative importance of those two pathways (ERα and FSHR) in EE in adipose tissue 249 
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beiging? How clinically meaningful could be the increase in EE induced by adipose tissue 250 

beiging?   251 

Progesterone also seems to play a role in the modulation of uncoupling process in adipose tissue 252 

in cellular and rodent studies 62-64. It have been suggested that P4 receptors are expressed on the 253 

adipose tissue mitochondrial membrane and could play a role in the regulation of energy 254 

demand 64. P4 increases mitogenesis and UCP1mRNA expression in adipose tissue cell culture 255 

exposed to increased concentration of P4 62,63.  256 

Considering that OC use decreases gonadotrophin and E2 levels it could be assumed that all or 257 

some of the biological mechanisms presented above could be decreased or increased in women 258 

taking OC.  259 

Altogether, these results indicate that besides the regulation of the reproductive function, 260 

endogenous ovarian hormones can impact energy homeostasis (i.e., EE and EI) and while 261 

underlying mechanisms have been explored in the brain and peripheral tissues, there are no 262 

straightforward conclusions.  263 

 264 

3-Effects of 17β-estradiol and progesterone on Energy Balance 265 

The clinical effects of E2 and P4 on EE and EI are better known than cellular mechanisms, and 266 

their potential involvement in weight gain and obesity have been recently reviewed65 267 

highlighting the need to explore cellular implication of ovarian hormones on energy balance.  268 

3.1 Effects of 17β-estradiol and progesterone on Energy intake 269 

The decrease in E2 production after ovariectomy in rodents is most often followed by an 270 

increase in body fat and EI 66. In premenopausal state, the effects of E2 and P4 on EI have been 271 

suggested by studies showing a decrease in EI during the follicular phase and an increase during 272 
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the luteal phase67,68. Due to the ovarian hormone fluctuations during the menstrual cycle (i.e. 273 

follicular phase: high level of E2; luteal phase: high levels of both E2 and P4); the assumptions 274 

raised following those studies would assume an anorexigenic effect of estrogen and an 275 

orexigenic effect of P4. The orexigenic effect of P4 has not been clearly demonstrated either in 276 

animal studies 69 or in women subjected to increasing doses of progestin 70. The effects of E2 277 

and P4 on appetite sensations have also been questioned, but it seems that, as for EI, the 278 

orexigenic or anorexigenic context is associated with the level of E2 rather than P4 itself.  Based 279 

on the current literature it seems difficult to state the isolated effect of E2 on EI. Indeed, 280 

although controversial, interactions with leptin, also involved in the central regulation of EI 281 

have been suggested  71-73. This estrogen/leptin interaction in the regulation of EI was illustrated 282 

by Krishnan et al 74. These authors showed that in young women with a regular menstrual cycle, 283 

the estrogen/leptin ratio during the luteal phase was positively associated with the consumption 284 

of sweet foods. Although estrogen can modulate EI and appetite sensations, it appears essential 285 

to consider its interaction with other hormones involved in appetite regulation, and its 286 

independent/isolated action still needs to be elucidated. 287 

3.2 Effects of 17β-estradiol and progesterone on Energy expenditure 288 

Researches on ovariectomized rodents show that E2 is involved in a decrease in EE 75,76 as well 289 

as in a decrease in spontaneous physical activity 77. P4 seems to not play a major role in EE 290 

regulation as it has been shown that infusion of this hormone in ovariectomized rodents cannot 291 

prevent increase in body weight or fat mass 78.  292 

Concerning clinical data, similarly to EI, variations in EE have been identified according to the 293 

menstrual cycle phases. However, there appears to be considerable inter- and intra-variability 294 

in resting energy expenditure (REE) during the menstrual cycle 79, making studies results 295 

inconsistent as to the magnitude and importance of this variation 80,81. A recent meta-analysis 296 

including 26 studies suggests that the REE would be higher during the luteal phase 82. The 297 
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authors highlighted significant risk bias for most of the studies included in the meta-analysis 298 

and therefore underscored that result from this work should be considered cautiously 82. This 299 

increase in EE in the luteal phase would suggest an effect of P4 on EE, but there are currently 300 

no mechanistic studies to support this hypothesis. Furthermore, if one assumes that progestins 301 

have exactly the same cellular effect as endogenous progesterone, it has been shown that high-302 

dose progestins did not result in a change in EE 75. Genetic polymorphism for estrogen and P4 303 

receptors and their association with EE and EI will also need more investigation. Indeed, recent 304 

data shows that a specific genetic variant for Esr1, coding for ERα, was strongly associated 305 

with weight gain after progestin implants in healthy reproductive aged women 83. 306 

Several clinical studies have evaluated the effects of sex hormones and specifically E2 on EE 307 

in premenopausal women. The use of a gonadotropin-releasing hormone (GnRH) antagonist84 308 

or agonist85 to abolish sex hormone production induces acute84 and chronic 85 decrease in REE 309 

and exercise-related EE. When E2 is infused in parallel of the GnRH agonist, levels of EE are 310 

restored 85. In this last study, TEE as well as sleep EE were decreased after GnRH agonist 311 

treatment without a corrective effect of E2 suggesting that E2 is not the only sex hormone 312 

involved in EE adaptation. More recent work by the same research team showed in women 313 

close to menopause that the suppression of female sex hormones tends to induce a decrease in 314 

TEE and resting REE and leads to fat mass gain 86. All of these clinical results suggest an 315 

involvement of sex hormones and in particular estrogen in the regulation of EE. Taken together, 316 

the animal studies and clinical results show that the effects of E2 on EI or EE have been much 317 

more studied than those of P4. The involvement of E2 in EI but also in EE has been well 318 

demonstrated in animals with similar results but less marked on the clinical side. 319 

The main limitation regarding the animal approach is the transferability of the results to 320 

humans. It is obvious that animal model can provide specific and important data on the cellular 321 

adaptations, tissue function and underlying mechanisms, that are easier to obtain than in 322 
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humans. Specifically, the exploration of brain adaptation to various levels of steroids is also 323 

easier in animals, allowing in vivo and in vitro data to be obtained. Yet, it is worth noting that 324 

rodents may not be the best model to study energy homeostasis given differences in metabolic 325 

regulations, structure and function of tissues (e.g. brain) between rodents and humans. In 326 

addition, energy expenditure and energy intake depend on intrinsic factors (genetics) and 327 

numerous extrinsic factors (i.e. culture, religion, lifestyle) which do not exist in rodents. The 328 

human physiology presents greater metabolic variability than the one of rodents which are 329 

raised and studied under very controlled conditions. This underscores the importance of clinical 330 

studies to validate the results obtained in animal studies. 331 

The body of information concerning E2 clearly shows that this hormone acts in premenopausal 332 

women to increase EE and decrease EI through both central and multiple peripheral tissues and 333 

organ actions. Beside potential effects of E2 and P4 concerning EI and EE some clinical 334 

investigations have tried to highlight effects of OC on EI, EE and body weight status. 335 

4-Oral contraceptive use in women and energy intake 336 

To date, only five studies have been conducted to understand the effect of OC use on EI in 337 

women 70,87-90. Food consumption was measured either by dietary recall 87, daily food records 338 

70,90, food frequency questionnaires 88 or in controlled laboratory conditions (weighed food) 89. 339 

Four of the studies investigated the total EI and diet composition 70,87,88,90 and one study reported 340 

total EI and intake of sweet and savory snack items and hedonic food ratings 89. Taken together, 341 

the findings of these few studies suggest that OC use does not affect total EI 70,87-90. It is worth 342 

noting that Wallace and colleagues87 observed significantly higher total EI when expressed 343 

relative to body weight (from dietary recall) in OC users compared to non-users. Results are 344 

less obvious regarding macronutrient intake. While some authors did not report any difference 345 

in diet composition87-90, Eck and colleagues70 observed an increased fat and decreased 346 



17 
 

carbohydrate consumption in OC users compared to non-users using 5-day  food records. The 347 

authors noted that it may predispose women using OC to fat mass gain. 348 

 349 

It is relevant to highlight some shortcomings of the prior research that can limit the 350 

interpretation. Across these five studies, there are methodological discrepancies in terms of the 351 

population characteristics, OC formulation and EI measurement that are likely to partly explain 352 

the discrepancies observed. Most of the prior studies have involved young women of 353 

reproductive age (i.e., from 18 to 40 years) whereas Wallace et al. 87 included a large sample of 354 

women over 40 years. Procter-Gray et al. 88 focused on female runners and Ihalainen et al. on 355 

recreational athletes which represent a specific population 90. Furthermore, some of the studies 356 

were performed prior to the year 2000 70,87 and with the continued reformulation to OC agents 357 

since then, a simple extrapolation of the findings to the OC commonly used today is 358 

problematic.  359 

 360 

To better understand the relationship between female reproductive hormone status and EI, 361 

Arnoni-Bauer and colleagues 91 investigated the response of brain regions (i.e. homeostatic, 362 

emotional and attentional) to food cues. They observed that, in women using monophasic OC, 363 

brain activation patterns in response to food cues were similar to those of the women in the 364 

luteal phase but different from women in the follicular phase. Using functional magnetic 365 

resonance imaging this study suggests that a hedonic regulation is impacted by hormonal status. 366 

 367 

Hormonal contraceptive use in women with overweight or obesity may affect EI during weight 368 

loss 38. Using a self-reported assessment of EI, the change in total EI and macronutrient intake 369 

were similar in hormonal contraceptive users and non-users between 0 and 6 months (i.e., 370 

weight loss phase). However, between 6 and 18 months (i.e., weight loss maintenance phase), 371 
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hormonal contraceptive users displayed an increase in EI which was characterized by a decrease 372 

in protein intake compared to non-users. Changes to fat and carbohydrate intake were similar 373 

between groups. These EI patterns from 6 to 18 months were consistent with the time course of 374 

weight regain in hormonal contraceptive users. It is worth noting that moderate to vigorous 375 

physical activity level was not different between hormonal contraceptive users and non-users 376 

and that weight changes were likely associated with changes in EI. Thus, hormonal 377 

contraceptive use may have a meaningful effect on weight-loss maintenance via EI. While 378 

further studies are needed, it may be questioned whether the effect of OC on EI is energy 379 

balance dependent supporting the need to promote individualized approach in contraception 380 

counselling in regard to weight management goals. 381 

5-Oral contraceptive use in women and energy expenditure 382 

5.1 Resting state 383 

To our knowledge, only seven studies (Table 1) have investigated the effect of OC on EE at 384 

rest including BMR or REE. Of note, except the study of McNeil and colleagues 92, all were 385 

cross-sectional or observational study designs and to our knowledge to date, there are no 386 

randomized controlled trials. Taken together the effect of OC use on BMR/REE is inconsistent. 387 

Compared with naturally menstruating women not using OC, five studies (71%) showed no 388 

difference in BMR/REE in women taking OC 70,93-96, one study showed an increase 97 another 389 

a decrease 92.  390 

Since OC use may have an effect on body composition, and body composition is the primary 391 

determinant of BMR/REE, it is important to examine the effect of OC use independently of 392 

body composition. This is elegantly demonstrated by Kimm and colleagues 97. REE was not 393 

different between OC users and women with normal menstrual cycles when expressed in 394 

absolute terms yet, after REE was adjusted for race, fat mass and fat-free mass, it was slightly 395 

higher in women using OC. McNeil and colleagues 92 conducted the only study that measured 396 
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EE in a cohort of women before and after OC use. While they observed a decrease in BMR, 397 

only five women were included in their study and the OC used is unfortunately not 398 

representative of the lower-dose prescriptions commonly used today. In a 12-month study of 399 

OC treatment for perimenopausal women, Napolitano and colleagues 94 found that desogestrel, 400 

a synthetic progestin, had a non-significant increase on REE. It is also important to note all of 401 

the prior studies with the exception of one (McNeill and colleagues), were observational studies 402 

which included women taking various OC prescriptions 94 70,93,96. Due to the heterogeneity of 403 

the few available studies (i.e., study population, study design, OC formulation and dose) and 404 

the lack of randomized controlled trials current research does not provide conclusive evidence 405 

for an effect of OC use on resting energy expenditure.  406 

5.2 Thermic effect of food (or diet induced thermogenesis) 407 

To our knowledge, only two studies have investigated the effects of OC use on EE in response 408 

to a meal or the TEF 95,98 (Table 2). These cross-sectional studies from the same group of 409 

researchers compared the changes in EE following a high protein meal between women taking 410 

OC and women with normal menstrual cycles during both the follicular and luteal phases 95 or 411 

during the follicular phase only 98. These studies reported that compared to women with normal 412 

menstrual cycles in the follicular and luteal phases, postprandial EE was decreased in women 413 

taking OC 98. This observation should be interpreted with caution as these studies were limited 414 

to a small sample size (i.e., n=7 or 8 in each group). Cross-sectional studies provide preliminary 415 

evidence that OC use may effect diet-induced thermogenesis and future studies utilizing a 416 

randomized, controlled study design are needed to address this question.   417 

5.3 Activity energy expenditure 418 

Volitional physical activity or exercise is one of the most effective ways to increase EE. Most 419 

of the studies of OC use and exercise have focused on exercise performance or substrate 420 

metabolism. Surprisingly, less is known regarding OC use and exercise EE. A recent systematic 421 
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and meta-analysis 99 reported a slightly decreased ‘exercise performance’ in women using OC 422 

compared to women not using OC, suggesting a potential lower aerobic capacity in women 423 

using OC. Some studies have reported lower maximal oxygen consumption and/or oxygen 424 

consumption at the anaerobic threshold in women using OC compared with women with normal 425 

menstrual cycles tested in the follicular and/or luteal phase 100,101. While these studies imply 426 

potential effects of OC on aerobic fitness and energetic efficiency, other studies did not observe 427 

an effect of OC use on similar outcomes of aerobic fitness 102-106. Methodological differences 428 

between studies (e.g., protocol design, OC formulation) can explain these discrepancies. Also, 429 

these studies have only included women who are young, healthy and with normal weight body 430 

mass index. Whether these findings are extrapolated to women with obesity and metabolic 431 

disruptions is not known.  432 

 433 

As summarized in Table 3, there are four studies which reported the effect of OC use on EE 434 

during exercise 101,103,107,108. In all published studies, exercise EE was not significantly different 435 

between women using OC and women with normal menstrual cycles tested in the follicular 436 

and/or luteal phases. It is relevant to note that in all the presented studies, EE was not the 437 

primary outcome and protocol designs were thus not conducted to specifically answer this 438 

question.  439 

Overall, it may be hypothesized that while some differences in REE or postprandial EE may 440 

exist between women taking or not OC, the greater stimulus generated by exercise might 441 

override the modest effect of OC on EE. There is a lack of data and evidence regarding the 442 

effect of OC use on EE at rest and during metabolic challenge that need to be addressed to better 443 

understand the weight regulation of women. 444 

 445 

6-Oral contraceptive use in women and weight regulation 446 
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Weight gain is one of the most reported and the most frequently cited reasons for OC 447 

discontinuation 4,109 yet there is no clear evidence of such a relationship. Indeed, in a 448 

comprehensive review, Gallo et al. 6 did not find evidence to support a significant effect of OC 449 

use (combined type) on weight change. Moreover, both observational studies 4,110-116 and 450 

rigorously conducted placebo-controlled trials 117,118 do not observe a significant change in 451 

weight with combined OC use. One exception is the study of Berenson and colleagues 119 which 452 

observed that 36 months of depot medroxyprogesterone acetate use significantly increased 453 

weight compared to women using a combined OC (20 µg ethinyl estradiol and 0.15 mg 454 

desogestrel) or non-hormonal forms of contraception (+5.12 vs +1.47 vs +2.05 kg).  455 

Contraceptive pills with only progestin are proposed to women that cannot or should not take 456 

estrogen for medical reasons. In their review, Lopez and colleagues 120 reported that there is no 457 

strong evidence of changes in weight and body composition with this OC type. 458 

 459 

Interestingly, in 2020, Caldwell et al. 38 questioned for the first time the influence of combined 460 

hormonal contraceptive use on weight loss success in women with overweight or obesity. In a 461 

sample of 110 women enrolled in a behavioral weight-loss program they showed that combined 462 

hormonal contraceptive use (i.e., combined OC (n=15) and vaginal rings (n=3)) influenced 463 

weight loss. Weight was reduced from baseline to 6-month (i.e., weight-loss phase) in both 464 

contraceptive users and non-users however contraceptive users regained weight between 465 

months 6 and 18 (i.e., weight-loss maintenance phase) whereas non-users remained weight 466 

stable.  467 

Contrary to common belief, there is no strong evidence showing a significant effect of OC use 468 

and weight gain. Yet, the new work of Caldwell and al. 38 highlight the potential importance of 469 

exogenous hormone therapies in the context of weight control strategies for women with 470 
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overweight and obesity. In this context, it appears essential to better understand the influence 471 

of OC use on both components of energy balance, namely the “Big two” (i.e., EI and EE).  472 

7-Conclusions  473 

The necessity of utilization and development of contraceptive strategies for birth regulation is 474 

undeniable and contraceptive pills appear as a quite easy approach for women. Moreover, OC 475 

represent also a strategy for premenstrual symptoms, acne or bulimia nervosa management.  In 476 

a context where half of American and European individuals have overweight or obesity, the 477 

need to develop weight regulation management is a public health emergency. To date no study 478 

have clearly shown that OC use or women under prolonged OC use are more prone to weight 479 

gain6. However recently, it has been shown that weight loss maintenance was reduced in women 480 

taking hormonal contraceptives which were mainly OC prescriptions38. Understanding how OC 481 

can affect energy balance and mechanisms involved in EI and EE is of major importance to 482 

better individualize weight regulation management. As highlighted in the present review, more 483 

data on the effect of OC use (both short and long term) on EI and EE in women are required 484 

using rigorously conducted randomized controlled trials. The objective to keep in mind for 485 

future studies should be to better individualize prescription of weight loss program to ensure its 486 

effectiveness.  487 

8-Future perspectives 488 

To date, no study has investigated the independent and combined (i.e. antagonist, potentiate) 489 

effect of ethinyl estradiol and progestin on the underlying mechanisms mediating EE and EI. 490 

Importantly, due to their differences (i.e. nature, dose, bioactivity and potency), further animal 491 

and in vitro studies are thus needed to determine whether synthetic hormones contained in OC 492 

mimic or not the cellular actions and adaptations of natural ovarian hormones regarding EE and 493 

EI.  494 
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Few observational and clinical studies are currently available regarding the effect of OC use on 495 

EI and EE and the lack of randomized controlled trials prevents conclusive evidence for an 496 

effect of OC use on EI and EE. Due to the high proportion of women of childbearing age using 497 

OC, it appears essential to decipher the role of OC on both components of energy balance in 498 

function of the characteristic of the populations (e.g. age, weight status) and nature of OC (e.g. 499 

monophasic, triphasic, combined OC, progestin-only pill). This information would result on a 500 

better contraception counselling and, overall, management of women’s health. 501 

Finally, the results of Caldwell et al.’s study bring new insight into weight loss management in 502 

women with overweight or obesity. Additional studies are also needed to question the role of 503 

OC in weight loss success and metabolic adaptations during a multidisciplinary weight loss 504 

program. Exercise is a key factor of weight loss success due to its action on both EE and EI. 505 

Future research should investigate which exercise modalities (e.g. nature, duration, intensity, 506 

frequency) would be more efficient to favour weight loss and weight maintenance in function 507 

of women’s specificities. A physiological approach using in vivo assessment is also needed to 508 

understand which tissues and systems are implicated in the modification of whole-body changes 509 

in EI and EE.  510 

Tables and Figure Legends  511 

Figure 1: Schematic representation of mechanisms of E2 and P4 and potential mechanisms of 512 

OC action on energy intake. Cellular data strongly suggest that E2 mainly exerts its effects on 513 

brain through its receptor ERα. E2 seems to induce its anorexigenic action by increasing GLP-514 

125  and decreasing Ghrelin24 brain signaling. Dotted square: potential cellular mechanisms 515 

from rodent studies by which E2 and P4 can exert orexigenic and anorexigenic effects 26,29,30. 516 

Oral contraceptives action on orexigenic and anorexigenic peptides are still unknown. 517 

However, OC use has been shown to decrease CCK level 39. E2: 17β- estradiol; P4: 518 

Progesterone, OC: Oral contraceptives; FSH: follicle-stimulation hormone; LH: Luteinizing 519 
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hormone; CCK: cholecystokinin, ERα: estrogen receptor alpha; ; GLP-1: glucagon-like peptide 520 

1; PR: Progesterone receptor POMC: Proopiomelanocortin; CART: cocaine amphetamine 521 

regulator transcription, Foxo1: Forkhead box protein O1, NPY: neuropeptide Y; Agrp: agouti 522 

related peptide; AMPK: AMP activated protein kinase; mTOR: mammalian target of 523 

rapamycin; VMH: ventro medial hypothalamus; ARC: arcuate nucleus of hypothalamus; 3V: 524 

third ventricule. Green line: stimulation; red line: inhibition; dotted gray line: potential 525 

mechanisms for OC. 526 

Figure 2: Schematic representation of mechanisms of E2 and P4 and potential mechanisms of 527 

OC action on energy expenditure. Most data are based on  animal studies which suggest that 528 

E2 increase EE by action on brain (dotted square)28,58, adipose tissue55,59  , skeletal muscle 43 529 

and liver. Few clinical studies have suggested that OC use can promote oxidative stress in 530 

liver51,52 and skeletal muscle 45-47. E2: 17β-estradiol; P4: Progesterone, OC: Oral contraceptives; 531 

FSH: follicle-stimulation hormone; LH: Luteinizing hormone; UCP1: uncoupling protein 1; 532 

FGF 21 Fibroblast growth Factor 21; ROS reactive oxygen species, ERα: estrogen receptor 533 

alpha, AMPK: AMP activated protein kinase; ER: endoplasmic reticulum, VMH: ventro medial 534 

hypothalamus; ARC: arcuate nucleus of hypothalamus; 3V: third ventricule, SNS: sympathetic 535 

nervous system  Green line: stimulation; red line: inhibition; dotted gray line: potential 536 

mechanisms for OC. 537 

Table 1: Studies investigating the effect of OC on energy expenditure at rest 538 

Table 2: Studies investigating the effect of OC on energy expenditure during metabolic 539 

challenge 540 

Table 3: Studies investigating the effect of OC on energy expenditure during acute exercise 541 

  542 
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Figures : 875 

Figure 1 876 

 877 

Figure 1: Schematic representation of mechanisms of E2 and P4 and potential mechanisms of OC action on energy intake. 878 

Cellular data strongly suggest that E2 mainly exerts its effects on brain through its receptor ERα. E2 seems to induce its 879 

anorexigenic action by increasing GLP-125  and decreasing Ghrelin24 brain signaling. Dotted square: potential cellular 880 

mechanisms from rodent studies by which E2 and P4 can exert orexigenic and anorexigenic effects 26,29,30. Oral contraceptives 881 

action on orexigenic and anorexigenic peptides are still unknown. However, OC use has been shown to decrease CCK level 39. 882 

E2: 17β- estradiol; P4: Progesterone, OC: Oral contraceptives; FSH: follicle-stimulation hormone; LH: Luteinizing hormone; 883 

CCK: cholecystokinin, ERα: estrogen receptor alpha; ; GLP-1: glucagon-like peptide 1; PR: Progesterone receptor POMC: 884 

Proopiomelanocortin; CART: cocaine amphetamine regulator transcription, Foxo1: Forkhead box protein O1, NPY: 885 

neuropeptide Y; Agrp: agouti related peptide; AMPK: AMP activated protein kinase; mTOR: mammalian target of rapamycin; 886 

VMH: ventro medial hypothalamus; ARC: arcuate nucleus of hypothalamus; 3V: third ventricule. Green line: stimulation; red 887 

line: inhibition; dotted gray line: potential mechanisms for OC.  888 
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 889 

Figure 2 890 

 891 

Figure 2: Schematic representation of mechanisms of E2 and P4 and potential mechanisms of OC action on energy expenditure. 892 

Most data are based on  animal studies which suggest that E2 increase EE by action on brain (dotted square)28,58, adipose 893 

tissue55,59  , skeletal muscle 43 and liver. Few clinical studies have suggested that OC use can promote oxidative stress in liver51,52 894 

and skeletal muscle 45-47. E2: 17β-estradiol; P4: Progesterone, OC: Oral contraceptives; FSH: follicle-stimulation hormone; 895 

LH: Luteinizing hormone; UCP1: uncoupling protein 1; FGF 21 Fibroblast growth Factor 21; ROS reactive oxygen species, 896 

ERα: estrogen receptor alpha, AMPK: AMP activated protein kinase; ER: endoplasmic reticulum, VMH: ventro medial 897 

hypothalamus; ARC: arcuate nucleus of hypothalamus; 3V: third ventricule, SNS: sympathetic nervous system  Green line: 898 

stimulation; red line: inhibition; dotted gray line: potential mechanisms for OC. 899 

 900 
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Table1: Studies investigating the effect of OC on energy expenditure at rest 

Authors Reference 

number 

Population and Design Methods Contraceptive  Endpoints Main results 

McNeill et al 

1988  

Abstract 

92 Observational study (n=5) 1 
cycle with OC vs one cycle 
without OC 

Indirect 
calorimetry, 7days-
activities dairy; 
7days weighted 
intake dairy 

Levonorgestrel (30 
µg/d) 

BMR, EI, body 
weight, Physical 
activity index 

Decrease in BMR during 
the OC cycle. 
No significant 
differences in EI and PA 

Diffey et al 

1997  

93 Cross-sectional study 
OC+ (n=24) vs OC- (n =22) 
18-31y 

Indirect 
calorimetry 
(Deltatrac II), 
skinfolds, BIA 

Phasic and monophasic 
OC 
EthE (30-50 µg) 
Levonorgestrel (50-150 
µg), Desogestrel (150 
µg), Norethisterone 
(500 µg) 

BMR, 
anthropometry, 
body 
composition 

No difference in 
absolute BMR between 
groups 
ANCOVA with body 
weight, FM and FFM 
showed an increase in 
BMR of ~5% in OC+ 

Eck et al 

1997 

70 Cross-sectional study  
OC+ (n=17) vs OC- (n=15) 
18-35y 

Indirect 
calorimetry 
(MedGraphics 
Critical Care 
Monitor), daily 
food record (5days) 

Triphasic OC 
Ortho-Novum 777 
EthE (35 µg) 
Norethindrone (0.05 
mg) 
Norethindrone (0.75 
mg) 
Norethindrone (1 mg) 

REE, food intake, 
anthropometry  

No difference in REE or 
EI between groups.  
Larger intake from CHO 
and lower intake from 
fat in OC- vs OC+ group 

Jensen & 

Levine 1998 

96 Cross-sectional study  
OC+ (n=13) vs OC- (n=13) 
OC+: 28y and OC-: 30y 

Indirect 
calorimetry, 
isotope tracer 
infusion and blood 
samples 

Monophasic OC 
EthE (30-35 µg) 
Norethindrone (no 
information) 
Levonorgestril (no 
information) 
Desogestril (no 
information) 

REE, FFA 
metabolism, 
OGTT response 

No difference in REE 
between OC+ and OC- 
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Ethinodiol (no 
information) 

Kimm et al 

2001 

 

97 Longitudinal study, 
different ethnic population 
(n=147; 76 Black women 
and 71 White women) 
Contraceptive+: n = 48 (31 
Black women and 17 White 
women); Contraceptive-: n 
= 99 (45 Black women and 
54 White women) 
18-21y 
 

Indirect 
calorimetry 
(Deltatrac II), DXA 

OC: non information 
Long-acting agents 
(Depo-Provera) 
Norplant System 

REE, body 
composition 

Regression model for 
contraceptive use: REE 
was 50 kcal/day higher 
in contraceptive+ than 
contraceptive- (p = 
0.04). 

Napolitano 

et al 2015 

94 Longitudinal study 
12-month treatment 
OC- (n=26) vs desogestrel 
(DSG; n=42) vs 
levonorgestrel-releasing 
intrauterine (LNG-IUS; 
n=34) 
49.8y (perimenopausal) 

Indirect 
calorimetry 
(Deltatrac II), BIA 

DSG (75 µg)  
LNG-IUS (52 mg)  

Body weight, 
body 
composition, 
RMR  

Increased FM in the 
LNG-IUS (+1.1%) and the 
DSG (+2.8%) users after 
12month treatment 
compared with control 
group.  
RMR: no difference in 
control (-3.8 kJ/day) and 
LNG-IUS (-115.5 kJ/day) 
groups. 
Greater, but not 
significant, decrease in 
RMR in DSG group (-
305.9 kJ/day)  

Duhita et al 

2017 

95 Cross-sectional study  
Normal (NP) or high (HP) 
protein meal in women 
taking (n=8) or not (n=8) OC 
and 8 men 
23y 

Indirect 
calorimetry 
(Quark), BIA, 
isocaloric test meal 
with 11% or 24% of 
protein 

Monophasic OC 
EthE (20-35 µg) 
 

REE, postprandial 
EE 

Higher baseline EE in 
men vs women and no 
difference in REE 
between OC+ and OC- . 
No difference in REE 
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between luteal and 
follicular phase  

BIA: bioimpedance; BMR: basal metabolic rate; CHO: carbohydrates; DXA: dual-energy X-ray absorptiometry; EthE: ethinylestradiol; EI: energy intake; FFA: 

free fatty acids; FM: fat mass; FFM: fat-free mass; OC: oral contraceptives; REE: resting energy expenditure; RMR: resting metabolic rate. 
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Table2: Studies investigating the effect of OC on energy expenditure during metabolic challenge 

Authors Reference 

number 

Population Design Methods Contraceptive  Endpoints Main results 

Duhita et al 

2017 

95 Cross-sectional study  
Normal (NP) or high (HP) 
protein meal in women taking 
(n=8) or not (n=8) OC and 8 
men 
23y 

Indirect 
calorimetry 
(Quark), BIA, 
isocaloric test meal 
with 11% or 24% 
of protein 

Monophasic OC 
EthE (20-35 µg) 
 

REE, 
postprandial EE 

Increased postprandial 
EE following HP 
compared with NP meal 
in OC- and men only. 

Duhita et al. 

2019 

98 Cross-sectional study 
Elevated meal protein content 
(isocaloric meal with 11, 23, 
31% protein) 
OC+ (n=7), OC- (n=7) and men 
(n=7) 
OC+: 22.6y 
OC-:24.4y 
Men:23y 

Indirect 
calorimetry 
(Quark), BIA, 
isocaloric test 
meal, VAS 

Monophasic OC 
EthE (20-35 µg) 
 

REE, 
postprandial EE, 
VAS 

REE: no difference 
between OC- and OC+ 
Men: protein meal dose-
response in EE 
OC-: increased 
postprandial EE from 
11% to 23% but no 
difference between 23 
and 31% 
OC+: no effect of meal 
protein content 

BIA: bioimpedance; CHO: carbohydrates; DXA: dual-energy X-ray absorptiometry; EthE: ethinylestradiol; EE: energy expenditure; EI: energy intake; OC: oral 

contraceptives; REE: resting energy expenditure; VAS: visual analogue scale. 
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Table 3: Studies investigating the effect of OC on energy expenditure during acute exercise 

Authors Reference 

number 

Population Design Methods Contraceptive  Endpoints Main results 

Bemben et 

al. 1992 

103 Cross-sectional study 
Influence of OC on metabolic 
and hormonal responses during 
submaximal exercise 
OC+ (n=8) and OC- (n=8) 
21-30y 

Indirect 
calorimetry 
(AMETEK), blood 
samples, VO2max, 
prolonged 
submaximal 
exercise (treadmill 
– 90 min at 50% of 
VO2max) 

Monophasic and 
triphasic OC 
EthE (35 µg) 
Progestin (≤1 mg 
(Norethindrone, 
Ethynodiol diacetate)) 

EE, substrate 
metabolism and 
hormonal 
responses 
during exercise 

No difference in EE 
during exercise 
between OC+ and OC- 

Vaiksaar et 

al. 2000 

107 Cross-sectional study 
OC+ (n =8) 
Influence of different phases of 
OC (active vs non active) cycle on 
endurance capacity in rowers 
21y 
 

Indirect 
calorimetry 
(MetaMax), blood 
samples, DXA, 1h 
endurance test 
(rowing) at 70% of 
VO2max 

Monophasic OC 
EthE (20 µg) 
Gestodene (75 µg) 

EE and 
substrate 
metabolism 
during exercise 

No difference in EE 
during exercise 
between active and 
non-active-pill phases. 

Suh et al. 

2003  

(and related 

studies by 

the same 

group: 

Jacobs et al. 

2005; 

Casazza et 

al. 2004) 

101 Longitudinal study 
Influence of OC use on substrate 
metabolism at rest and during 
prolonged submaximal exercise 
Women (n = 8)  
4-months of OC use 

Open-circuit 
system (Ametak), 
skinfolds, isotope 
tracer infusion and 
blood samples 
VO2peak, 60 min 
cycling at 45 and 
65% of VO2peak,  

Triphasic OC 
EthE (35 µg) 
Norgestimate (0.18 
mg) 
Norgestimate (0.215 
mg) 
Norgestimate (0.25 
mg) 

EE, substrate 
metabolism and 
hormonal 
responses at 
rest and during 
exercise 

No difference in EE at 
rest and during both 
exercise between OC- 
and OC+ 



39 
 

Isacco et al. 

2012 (and 

related 

study by the 

same group: 

Isacco et al. 

2014) 

106,108 Cross-sectional study 
Influence of OC on metabolic 
responses during prolonged 
submaximal exercise 
OC- (n = 10) 
OC+= (n = 11) 
 

Indirect 
calorimetry 
(Oxycon pro-
Delta), DXA, blood 
samples VO2max, 45 
min cycling at 65% 
of VO2max 

Monophasic OC 
EthE (20-30 µg) 
Gestodene (75 µg) 
Desogestrel (150 µg) 
Drosipirenone (no 
information) 
Levonorgestrel (no 
information) 

EE, substrate 
metabolism and 
hormonal 
responses 
during exercise 

No difference in EE 
during exercise 
between OC+ and OC- 

DXA: dual-energy X-ray absorptiometry; EthE: ethinylestradiol; EE: energy expenditure; OC: oral contraceptives; VO2max: Maximal oxygen consumption; 

VO2peak: peak reached for oxygen consumption. 

 

 




