
KEY POINTS 

•	 Important sex-based differences exist between men and women that may influence nutrition and dietary supplement recommendations.

•	 Hormonal fluctuations throughout the menstrual cycle, and with oral contraceptives, result in metabolic alterations which should be  
considered when making supplement considerations for active women.

•	 Body composition and protein metabolism change throughout a woman’s lifespan and may be supported by sex-specific  
nutritional recommendations
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INTRODUCTION 
Women are the largest consumers of dietary supplements with 
77% of women utilizing at least one ingredient or supplement (CRN, 
2020). Despite the large use of dietary supplements among women, 
the representation of women in research validating the use of these 
supplements is severely lacking (Cowley et al., 2021). Foundational 
research has highlighted physiological differences among males and 
females which may impact exercise and nutritional considerations for 
active women. Although sex-specific sport nutrition research falls far 
short of what is necessary, foundational female physiology combined 
with available dietary supplement evidence allows for a discussion of 
potential ingredients that may support active women and their goals. 
This Sports Science Exchange (SSE) article aims to provide an overview 
of physiological considerations for active women, that in turn may 
influence dietary supplement choices to support the needs of active 
women across the lifespan. 

Important sex-based differences exist in metabolism (Tarnopolsky, 
2008), fatigability (Hunter, 2014), vasodilation (Parker et al., 2008), 
and body composition (Bredella, 2017). Many, but not all, of these 
differences are driven by the varied hormonal landscape across 
a menstrual cycle and a woman’s lifespan. Estrogen is regarded as 
a master regulator of bioenergetic systems in the female body, and 
estrogen levels remain consistent from puberty into adulthood. The 
fluctuations of endogenous hormones across the menstrual cycle 
facilitate varying modulations in energy expenditure and macronutrient 
metabolism for regularly menstruating women (Moore et al., 2022). In 
the years preceding menopause, known as peri-menopause (average 
age 45 years), estrogen levels begin to dramatically decrease and 
menstrual cycles become irregular until the final menstrual period, 
known as menopause (average age 51 years) (Greendale et al., 1999). 
The decrease and eventual loss of estrogen has important implications 
for body composition and metabolism as active women age (Gould et 
al., 2022; Greendale et al., 2019).

As women transition from perimenopause to post-menopause, the 
loss of estrogen may decrease energy expenditure. In a one-year 
longitudinal study, 24-hour energy expenditure decreased significantly 
with age, and fat oxidation decreased by 32% in women who became 
postmenopausal compared to premenopausal (Lovejoy et al., 2008). 
There is also consistent evidence from basic and preclinical research 
that the disruption of estrogen signaling accelerates fat accumulation, 
and the loss of estrogen at menopause is likely to have pronounced 
effects on body composition (Van Pelt et al., 2015). These unfavorable 
alterations in body composition, which abruptly worsen at the onset 
of the menopause transition, indicate perimenopause may be a key 
period for exercise and nutrition interventions (Gould et al., 2022). This 
is especially so regarding maintenance of lean mass (LM), mitigating fat 
mass gain, and alterations in energy expenditure.

MENSTRUAL CYCLE 
Between the ages of ~12 and 51 years old, females experience 
a circa mensal rhythm termed the menstrual cycle, characterized 
by predictable fluctuations in ovarian hormones, estrogen, and 
progesterone. A regular menstrual cycle can range from 23 – 38 days 
(Figure 1) and consists of three main phases: the follicular phase (FP), 
ovulation, and the luteal phase (LP) (Draper et al., 2018). The FP is 
characterized by low estrogen and progesterone levels as the FP ends, 
and with ovulation estrogen rises and falls with a spike in follicular 
stimulating hormone and luteinizing hormones. The latter half or LP of 
the cycle is characterized by a sharp rise in progesterone and higher 
levels of estrogen to prepare the body for pregnancy and ends with 
menstruation if pregnancy does not occur. These hormonal fluctuations 
are important considerations for eumenorrheic women who exercise 
as they may influence substrate utilization, performance, and recovery 
across the cycle. 
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ORAL CONTRACEPTIVES 
To date, the majority of available research on women has evaluated 
naturally occurring menstrual cycles, excluding women who utilize 
hormonal contraception methods. However, more than 60% of adult 
women in the United States, and 57% of American collegiate female 
athletes, utilize some form of hormonal contraception (Kavanaugh & 
Jerman, 2018). Combination oral contraceptive (OC) pills, monophasic 
and triphasic, are the most common type of hormonal contraception 
prescribed, and the second most common hormonal profile in females. 
Monophasic OC is the prevailing dosage type, characterized by 
consistent amounts of ethinyl estradiol and progestin throughout the 
month. Triphasic OCs are distinguished by a consistent dosage of ethinyl 
estradiol while the synthetic progestin is delivered in low, moderate, 
and high amounts over three weeks, attempting to mimic the gradual 
onset of progesterone seen in a eumenorrheic menstrual cycle. Despite 
the prevalence of OC use in the athletic and general populations, the 
effects of OCs on exercise performance and metabolism are poorly 
understood. Furthermore, the differences in endocrine profiles among 
females (i.e., hormonal contraceptive users and non-users) highlight 
the need for future hormonal profile considerations within sport and 
exercise science research. Understanding the implications of OCs may 
clarify the opportunity for use of dietary supplements among women, 
as modulations in metabolism can be impacted by hormone dosages 

as well as progestin type. Based on existing physiological data, dietary 
supplements may help to modulate the inflammatory response, reduce 
muscle damage, and possibly lower oxidative stress among those 
utilizing OCs (Cauci et al., 2016). With limited data in this space, 
weighing the benefit-to-risk ratio of dietary supplements for these 
outcomes among women using OCs will be important. 

BODY COMPOSITION 
Sex-dependent differences in body composition begin at puberty 
primarily due to estrogen’s role in the regulation of body composition in 
females. Estrogen receptors are widely distributed across tissues such 
as adipose tissue and skeletal muscles (Gruber et al., 2002). Changes 
in energy expenditure across the female lifespan hold important 
implications for body composition. Estrogen receptors are located 
on the mitochondria, suggesting estrogen signaling may mediate 
the regulation of body composition and energy balance (i.e., energy 
expenditure and intake). For the active woman, stimulating muscle 
protein synthesis (MPS) is a key factor for the adaptive responses 
to exercise with implications for improvements in body composition, 
particularly LM. Some studies suggest there are small changes in 
protein kinetics during the LP, with greater utilization of protein at rest 
and with exercise (Draper et al., 2018; Kriengsinyos et al., 2004). In 
the transition from pre- to peri-menopause, preliminary data indicates 

Naturally Occurring Cycle

Estrogen (ng/mL) Progesterone (ng/mL)

Menses

Luteinizing Hormone (mU/mL)

MF LF EL ML Pre-Menses

Follicular Stimulating Hormone (mU/mL)

1 day 28 days14 days
(ovulation) 

7 days 21 days

Days in Idealized Menstrual Cycle

Follicular Phase Luteal Phase

Figure 1: Hormonal landscape of a naturally occurring menstrual cycle. MF, mid-follicular; LF, late follicular; EL, early luteal; ML, mid-luteal.
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a pronounced decrease in skeletal muscle protein balance (Gould et 
al., unpublished observations). Menopausal-related hormonal changes 
and losses in muscle mass may be a direct result of skeletal muscle 
dysregulation, due to the development of anabolic resistance to nutrient 
intake, particularly to the precursor essential amino acids (EAA) (Gould 
et al., unpublished observations; Katsanos et al., 2005).

Due to the additional increased protein turnover associated with 
exercise, current sports nutrition guidelines for daily protein intake are 
1.2 – 2.0 g/kg/day to optimize exercise training adaptations (Phillips et 
al., 2007). In female athletes specifically, very limited research has been 
conducted on the protein requirements, but existing data suggests that 
active women should consume a minimum of 1.6 g/kg/day of protein 
(Houltham & Rowlands, 2014). As a result of the potential blunted MPS 
response as women age, protein sources should consist primarily of 
higher bioavailable choices to maximize MPS (e.g., high digestibility, 
absorption, and essential amino acid content) (Table 1). This blunted 
sensitivity appears to be overcome when larger amounts of the EEAs, 
including leucine, are ingested suggesting an EAA supplement may 
be an important intervention to mitigagte LM loss in active and aging 
women (Katsanos et al., 2005). Protein supplementation through a high-
quality protein such as whey protein sources or EAA, can complement 
high-quality proteins consumed through the diet. When considering the 
distribution of macronutrients, the carbohydrate to protein ratio has 
been shown to be important for supporting optimal body composition 
and fat loss in women. The consumption of a ratio of 2:1 carbohydrate 
to protein has demonstrated significant losses in percent body fat while 
supporting a gain in LM (Layman et al., 2003; Lockwood et al., 2008). 

DIETARY SUPPLEMENTS FOR ACTIVE FEMALES 
The most common reason women cite for use of dietary supplements is 
increased energy (CRN, 2020). Considering the lifestyle of active women, 
which often includes reported levels of multi-tasking, invisible labor, 
child-rearing, and a career, optimizing formulation and use of dietary 
supplements is warranted. When evaluating a dietary supplement, 
third-party testing is imperative to verify product contents and rule 
out contaminants. The most common and recommended certification 
programs to look for when identifying evidence-based supplements 
include; National Sanitation Foundation (NSF), NSF for Sport, Informed 
Choice, Consumer Labs, and the Banned Substances Control Group 
(BSCG). The United States Pharmacopeia (USP) also provides third-
party verification for vitamins. Based on available evidence in women 
as well as a physiological foundation, there are dietary supplements 
and ingredients that may be beneficial (Wohlgemuth et al., 2021). 
Ingredients that target energy/fatigue, cognition/focus, and general 
health/deficiencies should be considered (Table 2). The authors also 
highly encourage future female-specific research in this space, and for 
practitioners, researchers, and active women to apply the information 
we have in hand, while continuing to experiment and innovate to better 
understand and meet the needs of active women. 

Ingredients that may support an improvement in 
energy or delay fatigue for women 
Beta-Alanine. Beta-alanine is a non-essential amino acid that has 
been shown to delay fatigue, particularly in activities lasting 2 - 4 
minutes (Trexler et al., 2015) (Table 2). Beta-alanine is the rate liming 
substrate for carnosine synthesis, which acts as an innate hydrogen ion 
buffer in muscle during high-intensity exercise (Trexler et al., 2015). 
Consumption of beta-alanine is supported to be the most effective way 
to augment muscle carnosine concentration, which accounts for 15% 
of muscle buffering during intense exercise (Harris et al., 2006). Active 
women who are beginning a new exercise routine or having a hard 
time recovering from intense exercise may benefit from beta-alanine 
supplementation. Accurate dosing is imperative with beta-alanine, and 
to date, dosing does not appear to differ between men and women, 
although women are likely to have lower baseline muscle carnosine levels 
compared to men (Everaert et al., 2011). Increasing muscle carnosine 
helps to buffer hydrogen ions and maintain pH during exercise, thereby 
delaying fatigue, as well as increasing exercise intensity (Trexler et al., 
2015). There is additional data that suggests beta-alanine may have 
some antioxidant properties (Smith-Ryan et al., 2014), which may be 
relevant for women during the FP of the menstrual cycle when oxidative 
stress may be elevated, to support greater recovery. With a 14-week 
half-life, beta-alanine is not something that needs to be taken all the 
time, but instead cycled on and off as needed.

Caffeine. Caffeine is one of the most widely studied and used 
ingredients, acting as a central nervous system stimulant (Table 2). 
There are physiological considerations for female-specific caffeine 
recommendations. Caffeine elimination appears to fluctuate over 

Supplement/Food Source PDCAA (BV)

Whey Protein Isolate 1.00 (100)

Whole Milk 1.00 (91)

Whole Egg 1.00 (100)

Soy/Tofu 0.99 (74)

Poultry/Beef 0.92-1.00 (80)

Beans 0.74 (49)

Peas 0.60 (55)

Rice 0.62 (74)

Peanuts 0.51 (43)

Collagen 0.00 (0)

Table 1: Protein quality for select protein supplements and whole foods.

Protein digestibility amino acide score (PDCAA) and biological 
value (BV) of common protein sources.
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the course of the menstrual cycle with slower elimination and more 
pronounced effects during the LP as well as with OC use (Lane et 
al., 1992). The accumulation of caffeine during this high estrogen 
phase may magnify premenstrual symptoms, as well as intensify the 
sympathetic effects of caffeine, resulting in increased heart rate, anxiety, 
and impaired sleep. Caffeine is effective for improving repeated sprint/
intermittent exercise performance and endurance performance, due 
to its ability to reduce pain perception and may augment fat oxidation 
during aerobic exercise, thereby sparing muscle glycogen (Guest et al., 
2021). A typical recommended dose of 3 – 6 mg/kg consumed 60 
min prior to exercise can delay fatigue/increase energy. Additionally, 
if a woman consumes caffeine habitually, a higher dose (6 mg/kg) or 
removing caffeine for a period of time may be needed to see significant 
improvements in anaerobic performance (Filip-Stachnik et al., 2021).

Creatine. The benefits of creatine supplementation for women are 
growing in evidence (Table 2). Changes in endogenous hormone 
concentrations may underpin varying creatine characteristics 
between males and females (Smith-Ryan et al., 2021), with females 
demonstrating 70 – 80% lower rates of creatine synthesis and 
consumption of considerably lower amounts of dietary creatine 
compared to men (Brosnan & Brosnan, 2007). Fluctuations in creatine 
kinase levels have been reported to be influenced by endogenous 
hormones, with the lowest concentrations observed during non-
menstruating years, and subsequent decreases in creatine kinase 
activity with age and pregnancy. Creatine supplementation may be 
particularly effective post-partum as a result of cellular energy depletion 
surrounding childbirth (De Guingand et al., 2019). Short- and long-term 
creatine supplementation has shown significant beneficial ergogenic 
outcomes in strength, hypertrophy, and exercise performance in trained 
and untrained female populations when compared to placebo controls 
(Smith-Ryan et al., 2021). Mechanisms supporting increases in 
strength, hypertrophy, and performance, are likely related to increased 
intramuscular phosphocreatine stores which allow for greater stimulus 
of training through greater energy availability from increased adenosine 
triphosphate (ATP) turnover during exercise. Data also suggest positive 
relationships between mood and severity of depressive episodes with 
creatine and phosphocreatine levels in the brain (Dager et al., 2004). 
Creatine supplementation has also been shown to effectively reduce 
mental fatigue and improve cognitive performance, specifically during 
times of high stress or impacted sleep quantity or quality (Volz et al., 
1998). A common misconception surrounding creatine supplementation 
pertains to undesirable weight gain in women, however, research shows 
initial gains incurred with loading doses are likely a result of increased 
cellular hydration (i.e., “water weight”), which can show favorable 
outcomes for hydration (Sobolewski et al., 2011). This change in fluid 
does not increase weight in women but instead increases extracellular 
fluid. Currently, supplement dosing appears to be the same for males 
and females (Smith-Ryan et al., 2021)

Teacrine. Teacrine is a newer compound, found in tea and coffee, 
that acts in a similar method as caffeine as an adenosine receptor 

antagonist. In addition to increased feelings of energy and a delay 
in fatigue, improvements in mood and cognition have also been 
reported with teacrine supplementation in a mixed sample of males 
and females (Bello et al., 2019). Teacrine has resulted in these effects 
without increases in heart rate or habituation. The combined effects 
of caffeine and teacrine may be a unique combinatory approach for 
increasing energy and delaying fatigue in women, yet more female-
specific research with teacrine is warranted as current research has 
been mostly conducted in males (Cesareo et al., 2019; Kuhman et al., 
2015). 

Nitric Oxide Stimulators. Sex-based differences in physiology 
and biological processes may influence nitric oxide (NO) production 
(Wickham & Spriet, 2019) (Table 2). Nitrate products are thought 
to increase NO production through the nitric oxide synthase (NOS)-
dependent pathway of NO production, which includes a series of 
reactions oxidizing L-arginine to L-citrulline and NO. Specifically, NO 
is a potent signaling molecule that elicits changes in biological and 
physiological processes such as vasodilation, mitochondrial efficiency, 
and calcium handling, all of which have important implications for 
exercise capacity (Jones et al., 2012). Compared to males, females 
have demonstrated increased blood flow during intermittent exercise. 
However, females have smaller vessels indicating they may be more likely 
to benefit from nitrate intake, particularly as it relates to vasodilation. 
Females also have a greater ability to reduce nitrates to NO compared 
to males, suggesting nitrate supplementation may be more effective in 
women compared to men (Wickham & Spriet, 2019). Supplementation 
with nitrates may be particularly important for aerobic activities and 
for delaying fatigue during exercise. More recently, acute and chronic 
supplementation with beetroot juice (280 ml/day) in young female OC 
users, did not improve aerobic performance but did improve torque 
production (Wickham et al., 2019). Additionally, 140 mL of beetroot 
juice consumed 2.5 h prior to exercise in trained females resulted in 
no effect on oxygen consumption but did reduce perceived exertion 
(Forbes & Spriet, 2022). The impact of dietary nitrate supplementation 
on recovery or across the menstrual cycle has not yet been explored 
in women.

Carbohydrates and Modified Starch. The importance of 
carbohydrate availability for exercise performance is well established 
(Jeukendrup, 2004) (Table 2). As a result of sex-based differences 
that exist in carbohydrate and fat oxidation during exercise (Boisseau 
& Isacco, 2021), as well as differing sensitivities of the gastrointestinal 
(GI) tract among active women (Godoy Reys & Gimenez-Sanchez, 
2019), carbohydrate supplementation during exercise is ergogenic 
(Jeukendrup, 2004). In concert with carbohydrate feeding during 
exercise, symptoms of GI distress have been reported to be more 
prevalent in female endurance athletes, and among those women 
consuming hypotonic beverages (ten Haaf et al., 2014). Other forms 
of carbohydrate supplementation may be important to consider for 
active women, particularly for women undergoing endurance exercise. 
Modified starches may affect the gastric-emptying rate enhancing 
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Supplement Target Dose
Level of Research 

in Women
Application

Beta-Alanine Energy and Fatigue
4-6 g/day 

1-2 g doses 3-4 times per day 
4 weeks

Reduce fatigue from intense exercise 
by buffering hydrogen ions

Caffeine Energy and Fatigue
3-6 mg/kg 

60 min prior to exercise

Improved aerobic and sprint 
performance, reduced pain and fatigue 
during exercise, positive metabolic 
adaptations for fat metabolism

Nitric Oxide 
Stimulators

Energy and Fatigue

Beetroot juice 
500 mL; 2.5 hr pre-exercise, daily

Pomegranate Extract 
500-1,000 mg; 30 min  

pre-exercise, daily

L-Citrulline/Citrulline Malate  
8 g loading dose then 3-10 g; 60 min  

pre-exercise, daily 

Improved aerobic performance, 
increased vasodilation, and 
mitochondrial efficiency

Carbohydrates/
Modified Starch

Energy and Fatigue Varies by brand

May optimize carbohydrate availability 
during exercise, increased glycogen 
storage during follicular phase; 
performance effects not reported

Creatine 
Monohydrate

Mental Health
Loading dose of ~20 g per day for 5 
days (4x5 g doses taken every 4 hr), 

followed by 3-5 g per day

Improved anaerobic performance, 
and cognitive benefit; post-partum 
depression; increased levels across 
the menstrual cycle

Omega 3 Mental Health 1-3 g daily

Improved cell function and lipid 
metabolism, reduced cardiovascular 
disease risk, reduced inflammation 
across the menstrual cycle, reduced 
depression, and anxiety

Nootropics Mental Health

Rhodiola rosea 
200-600 mg daily

L-theanine 
100-200 mg daily

Citicoline  
250-500 mg daily 

Support better cognition and memory, 
improve exercise time to exhaustion, 
reduced brain fog

Vitamin D General Health
13-70 years old: 600 IU per day

>70 years old: 800 IU per day 
consumed with a serving of fat

Pivotal role in calcium absorption, 
immune system regulation, skeletal 
muscle function, bone absorption, and 
possible prevention of disease

Magnesium General Health 310-320 mg per day

Aids in protein synthesis, may improve 
energy metabolism, and may reduce 
heart disease risk; important for 
women using OCs, pregnant, and 
during menopause transition

Probiotics General Health

Probiotics should be chosen based on 
strain and desired outcome

Multi-strain probiotic supplement may 
be the best ooption

Improve intestinal function and 
reduce inflammation, which may be 
important during the follicular phase

Low

High

Low

Moderate

Moderate

High

Moderate

High

Low

Moderate

Table 2: Supplement considerations for the active female.

*The level of research evaluation included contributions from available data in women, sample size of research in women, consistency of findings  
across studies, and strength of impact on listed outcomes.
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glycogen storage (Ormsbee et al., 2014) which may be beneficial 
during the FP, or spare glycogen by enhancing fat oxidation, which 
may also be beneficial as estrogen and progesterone levels change. 
To date, research has failed to demonstrate a positive effect of a fast-
digesting high molecular weight starch in female cyclists (Mock et al., 
2021) or a slow digesting modified starch (Ormsbee et al., 2014). There 
are some potential positive data with modified starch on performance, 
but only in men. This area needs additional study but addressing and 
modifying the carbohydrate source may be helpful for the active woman 
undergoing exercise activities that rely on muscle glycogen, as well as 
to mitigate GI distress. 

Ingredients that may target cognition and focus
Omega 3. The essential fatty acids, omega 6 and omega 3, are key 
modulators of cell function, lipid-soluble vitamin absorption, and lipid 
metabolism (Table 2). The two most active eicosanoids derived from 
omega 3 are EPA (eicosapentaenoic acid) and DHA (docosahexaenoic 
acid), which play a vital role in improving immune function, reducing 
inflammation, and aiding in growth and development (Calder, 2006; 
Simopoulos, 2002). The reduction of systemic inflammation may 
be particularly beneficial during the FP of the menstrual cycle when 
systemic inflammation is elevated. Essential fatty acids have also 
demonstrated beneficial effects on mood (Freeman et al., 2006) and 
cognitive function (Robinson et al., 2010). Additionally, increased levels 
of omega 3 have been shown to reduce symptoms of depression and 
anxiety (Zhang et al., 2020), which are reported in higher rates in 
women vs. men. 

Nootropics. There is a growing category of dietary supplements, 
‘nootropics,’ that target cognition and memory, with some also 
supporting enhanced exercise outcomes (Table 2). Nootropics have 
gained even more traction among active women during the COVID-19 
pandemic. The data reports greater levels of stress, and mental and 
sleep impairments among women, with other reports describing a 
cognitive-like ‘fog’ among women (Garrigues et al., 2020). Nootropics 
may support better cognition and memory, particularly among women. 
There are a few that have been substantiated, including rhodiola, 
L-theanine, ashwagandha (Bonilla et al., 2021; Choudhary et al., 2017), 
cordyceps (Yuan et al., 2018), choline/citicoline (McGlade et al., 2012), 
and bacopa monnieri (Stough et al., 2001). While this is not meant to 
be an exhaustive literature review, the above ingredients may support 
cognition in the active woman.

Ingredients for General Health & Wellness
Vitamin D. Vitamin D is traditionally known for its pivotal role in 
calcium absorption (Table 2). However, it also is imperative for innate 
and acquired immune system regulation, skeletal muscle function, 
bone absorption, and possible prevention of disease (Bohon & Goolsby, 
2013). For active women, vitamin D levels could directly affect muscle 
strength and performance, recovery from exercise, and bone health. 

Furthermore, vitamin D deficiency has been shown to increase the 
risk of anemia, which is highly prevalent among active women (Sim 
et al., 2010). Vitamin D supplementation is recommended for women 
across the lifespan and across activity levels. Additionally, a focus 
on dietary vitamin D through foods such as fish, cheese, and some 
fortified cereals is an important consideration for women. Vitamin D 
is fat-soluble, which means it needs to be consumed with at least one 
serving of fat (IOM, 2005).

Magnesium. Magnesium activates enzymes involved in protein 
synthesis and several metabolic reactions and may improve energy 
metabolism (Volpe, 2013) (Table 2). Acute changes in magnesium 
concentrations are noticeable during a continuous bout of moderate 
to high-intensity exercise (Kerksick et al., 2018). There is growing 
evidence to support the essential role of magnesium in various 
physiological outcomes for women as they age (Porri et al., 2021). 
Specifically, there are various pathophysiological conditions across the 
female lifespan, such as the use of OCs, pregnancy, and menopause, 
which may increase magnesium requirements (Porri et al., 2021). 
Magnesium supplementation in pre-menopausal women may improve 
premenstrual syndrome (PMS) symptoms by decreasing inflammatory 
markers (Yonkers et al., 2008). In peri- to post-menopausal women, 
magnesium supplementation may be protective of bone health through 
optimization of vitamin D status (Kisters et al., 2020). Magnesium-
rich foods include nuts, almonds, bananas, black beans, brown rice, 
cashews, spinach, seeds, and whole grains.

Probiotics. The GI tract of a woman begins to differ from a man at the 
onset of puberty and continues to change with hormonal fluctuations 
(Kim et al., 2020) (Table 2). Early evidence suggests that women have 
lower intestinal permeability and higher microbial diversity but are 
more sensitive to perturbation (Edogawa et al., 2018). Women also 
have reported greater symptoms of irritable bowel syndrome and leaky 
gut, particularly with exercise (Yang et al., 2021). Probiotics have been 
shown to be an effective stimulus for promoting bacterial diversity and 
targeting many aspects of health. Probiotic supplementation has also 
been shown to improve intestinal function and reduce inflammation, 
which may be effective for modulating changes in inflammation during 
the FP (Cristofori et al., 2021).

Other Vitamins & Minerals
Iron and Calcium. Iron deficiencies among active women are 
common, particularly among those that are menstruating. Active 
women should consume 18 mg/day of iron, with special attention being 
paid to vegan/vegetarian women, due to lower bioavailability of plant-
based iron sources (Hunt, 2003). Female athletes have also reported 
lower calcium intake and calcium is essential for muscle contraction 
and bone development. The daily recommended intake of calcium for 
adult women is 1000 mg/day (Bendich, 2001). 
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PRACTICAL APPLICATIONS 
•	 Menstrual and menopause-related hormonal changes are 

important considerations for women who exercise as they may 
influence primary energy sources, performance, and recovery.

•	 Nutritional support and modifications can help to optimize 
lean body mass and improve body composition for active 
women, which may differ between sexes (Figure 2a).

•	 Available evidence combined with physiological rationale 
supports specific ingredients to optimize body composition, 
delay fatigue, and improve mental and physical health among 
active women (Figure 2a & 2b).

•	 While there is a need for more female-specific dietary 
supplement research, based on the available science, there 
are ingredients that may provide advantages for active women 
with the desire of delaying fatigue and increasing energy 
around exercise and in day-to-day life (Figure 2a & 2b). 

SUMMARY
Women have unique nutritional and physiological needs. Based on 
available data and physiological understanding of the menstrual cycle 
and OC use, education for dietary supplements among women is 
essential. While there is a need for more research to evaluate the 
use of ingredients on the health and performance of women, there 
is enough evidence when combined with a physiological foundation 
to support specific ingredients to optimize body composition, delay 
fatigue, and improve mental and physical health among women. 
Future research and product development must include women across 
the lifespan and begin to expand upon their needs to improve health, 
quality of life, and performance.

The views expressed are those of the authors and do not necessarily 
reflect the position or policy of PepsiCo, Inc. 

Figure 2a: Example of nutrient timing and supplementation for a 21-year-old aerobic athlete trying to increase lean mass but maintain weight. Protein intake 
(1.9 - 2.1 g/kg) is evenly spaced throughout the day, including essential amino acids (EAA). Key dietary supplements are consumed with a meal (breakfast) and 
before and after exercise, respectively. CHO, carbohydrate; PRO, protein.

Exercise: Aerobic athlete (5-6 days per week)
Goal: Maintain weight and gain lean mass

BREAKFAST LUNCH DINNER
7-Mile
Run

25-30 g
PRO

25-30 g
PRO

POST
25g
PRO

Goal Caloric Intake = 2200-2240 kcal/day 
CHO (g/kg) FAT (g/kg) PRO (g/kg) 

3.4 - 5.1 1.0 - 1.1 1.9 - 2.1

Energy Balance = 1400-1445 kcals/day
Activity Level = 1.55-1.725

Fish Oil 
(2-3 g/day)

Magnesium 
(250 mg/day)

Calcium
(1000 mg/day)

Vitamin D
(2,000 IU/day)

25 grams
2 scrambled eggs with
chopped vegetables &  cheese 
1 slice of wheat toast 
1 cup of skim milk 

30 grams
4 oz of salmon
1 cup of broccoli 
1 cup of brown rice

30 grams
3 oz of ground beef 
0.5 cup of black beans
0.5 cup of brown rice
1 oz of shredded cheese
3 oz of tomato salsa

25-30 g
PRO

Ca�eine  
(4 mg/kg)

Creatine 
(5 g/day)

Whey 
(25 g)

EAA 
(6 g/day)

PRE
60 min 
prior to 
exercise

Pre-Menopausal Active Female 
21 years old   |  130 lbs; 59.0 kg   |   5’5”

Recommended Supplementation and Timing Example Protein Per Meal

L-Citrulline 
(8 g/day)
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