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ABSTRACT

The "Lifestyle Triad"-a conceptual framework encompassing the intricate associations between stress levels, dietary habits,
and exercise patterns-serves as a critical determinant of physiological and psychological health in diverse populations. This
research provides an exhaustive investigation into the mechanisms by which lifestyle behaviors influence neuroendocrine
function, bone mineral density, and general mental well-being. By integrating clinical data from sports medicine, eating
disorder recovery, and occupational therapy, the study elucidates the consequences of energy deficiency, particularly
functional hypothalamic amenorrhea (FHA), and the restorative potential of nutritional interventions. Utilizing the REFUEL
randomized controlled trial as a primary evidentiary base, we analyze how increased energy intake serves as a catalyst for
menstrual recovery and skeletal stabilization. Furthermore, the article explores the salutogenic resources of social support
and "meaning-in-life" as mediators of stress among healthcare professionals and students. Theoretical models, including
Kielhofner’s Model of Human Occupation, are utilized to argue for the necessity of occupational therapy in managing weight
gain and systemic illness. The findings underscore that recovery from neuroendocrine disruption requires a synergistic
approach that balances physical training with metabolic demands, suggesting that behavioral modifications and institutional
wellness initiatives are paramount to preventing the long-term sequelae of chronic stress and malnutrition.
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INTRODUCTION

The intersection of physical activity, nutritional intake,
and psychological stress constitutes a complex biological
landscape often referred to as the Lifestyle Triad. In the
modern academic and professional environment, the
prevalence of stress-induced behavioral shifts has
reached a critical threshold, particularly among cohorts
such as Indian college students and global healthcare
professionals (Agarwal & Usharani, 2026; Hamaideh etal.,
2008). The fundamental premise of this research is that
these three pillars-diet, exercise, and stress-do not
operate in isolation but rather form a feedback loop that
can either facilitate peak human performance or lead to
profound physiological collapse. Central to this collapse is
the disruption of the hypothalamic-pituitary-ovarian
(HPO) axis, a phenomenon frequently observed in
exercising women and those suffering from restrictive
eating disorders such as anorexia nervosa (Gordon et al.,
2017).

Functional hypothalamic amenorrhea (FHA) represents a
clinical manifestation of the body’s adaptive response to

energy scarcity. When the metabolic cost of exercise
exceeds the caloric energy provided by the diet, the brain
prioritizes survival over reproduction, leading to a
suppression of gonadotropin-releasing hormone (GnRH)
pulsatility (Beitins et al., 1991). This state of "low energy
availability" (LEA) is the cornerstone of the Female
Athlete Triad and is often compounded by high levels of
perceived stress. The literature suggests that even in
untrained women, the sudden induction of strenuous
exercise can trigger menstrual irregularities, ranging
from luteal phase defects to total cessation of menses
(Bullen et al, 1985). This suggests that the
neuroendocrine system is acutely sensitive to shifts in the
Lifestyle Triad, requiring a delicate balance of inputs to
maintain homeostasis.

Despite the wealth of data on individual components of
this triad, there remains a significant gap in the literature
regarding the integrated recovery process. Specifically,
while the REFUEL randomized controlled trial has shed
light on the role of energy intake in bone mineral density

https://irjernet.com/index.php/fems

29



FEMS, (2026)

(De Souza et al, 2022), the broader psychosocial
mediators, such as "meaning-in-life" and social support,
are often neglected in clinical sports medicine (Haugan &
Dezutter, 2021). Furthermore, the role of occupational
therapy (OT) in addressing lifestyle-related conditions
like obesity in individuals with severe mental illness
(SMI) or musculoskeletal shoulder conditions has been
under-represented in the conversation about
neuroendocrine health (Conn et al,, 2019; Marik & Roll,
2017).

This research aims to bridge these gaps by providing a
thorough background on the physiological consequences
of energy deficiency and the subsequent literature gap
regarding holistic recovery strategies. We examine the
importance of markers such as insulin-like growth factor
1 (IGF-1) in menstrual recovery (Cominato et al., 2014)
and the predictors of skeletal loss in anorexia nervosa
(Miller et al., 2006). By analyzing the efficacy of the
Nutrition and Exercise for Wellness and Recovery (NEW-
R) program (Brown et al,, 2015), the article transitions
into an exploration of how occupational therapists can
facilitate re-ablement and health promotion (Pettersson
& Iwarsson, 2017). The following sections detail the
methodology of nutritional interventions, the descriptive
results of menstrual recovery, and a deep interpretation
of the theoretical implications for future wellness
initiatives.

METHODOLOGY

The methodology of this research is constructed upon a
synthesis of clinical intervention protocols, longitudinal
randomized controlled trials, and systematic scoping
reviews. To explore the "Lifestyle Triad," we utilized a
descriptive analysis of the REFUEL study-a landmark
randomized controlled trial (RCT) designed to assess the
effects of increased energy intake on women with
exercise-associated menstrual disturbances (De Souza et
al, 2022). This clinical methodology prioritized the
quantification of energy availability (EA), defined as the
residual energy available for physiological function after
accounting for exercise energy expenditure.

The dietary intervention programs described by Dueck et
al. (1996) and Kopp-Woodroffe et al. (1999) served as the
blueprint for our analysis of nutritional recovery. These
programs typically involved a structured increase in
caloric intake (approximately 20% to 30% above
baseline) while maintaining or slightly reducing training
volume. The goal was to shift the subjects from a state of
negative energy balance to a positive or neutral state.
Nutrients were tracked using 3-day or 7-day food records,
and body composition was assessed via dual-energy X-ray

absorptiometry (DXA), which also provided the data for
bone mineral density (BMD) analysis.

To understand the neuroendocrine components of the
methodology, we reviewed the endocrine profiling
techniques utilized by Beitins et al. (1991), which
involved frequent urinary free progesterone monitoring
and serum analysis of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH). This allows for the
discrimination between hypothalamic amenorrhea and
hyperandrogenic conditions like polycystic ovary
syndrome (PCOS), a distinction critical for targeted
therapy (Koltun et al., 2020). In adolescent populations
with anorexia nervosa, the methodological focus shifted
to the role of IGF-1 and its correlation with weight gain
and menses restoration (Misra et al., 2008; Cominato et
al.,, 2014).

In the realm of occupational therapy and mental health,
the methodology involved a systematic scoping review of
OT interventions. This included programs like NEW-R
(Nutrition and Exercise for Wellness and Recovery),
which utilized a group-based pedagogical approach to
facilitate weight loss and wellness in individuals with
severe mental illness (Brown et al,, 2015). The use of
Kielhofner’'s Model of Human Occupation (MOHO)
provided the theoretical framework for analyzing how
"volition," "habituation," and "performance capacity"
influence a person's ability to engage in healthy lifestyle
behaviors (Taylor, 2017).

Finally, the study examined the psychosocial
methodology used to assess stress and support. This
involved the use of standardized surveys among
Jordanian nurses and physical education students to
determine the relationship between perceived social
support, mental health, and life satisfaction (Hamaideh et
al, 2008; Harikandei, 2017). The methodology for
assessing "meaning-in-life" as a salutogenic resource
followed the guidelines for health promotion in
healthcare, focusing on how sense of coherence (SOC)
helps individuals manage the stressors inherent in the
Lifestyle Triad (Haugan & Dezutter, 2021). No
mathematical formulas are used in this description;
rather, we describe the quantitative shifts in BMD and LH
pulsatility  through  qualitative = comparisons of
intervention versus control groups.

RESULTS

The findings of this research provide clear evidence that
the components of the Lifestyle Triad are significantly
predictive of both reproductive and skeletal health. The
results from the REFUEL study and related dietary
interventions indicate that increasing energy intake is the
most effective predictor of menstrual recovery in
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exercising women (Salamunes et al,, 2025). Specifically,
women who increased their caloric intake to meet
metabolic demands showed a significant restoration of
menses, even when their weight gain was minimal. This
suggests that "energy availability” is a more potent signal
for the hypothalamus than total body fat percentage.

In terms of bone health, the results demonstrate a
sobering reality: while menstrual recovery is a necessary
precursor, it is not always sufficient for immediate
skeletal restoration. In adolescent girls with anorexia
nervosa, restoration of menses was a strong predictor of
bone mineral density (BMD) changes, but weight gain
remained the most critical variable (Misra et al.,, 2008).
Miller et al. (2006) found that even after recovery, a
significant number of individuals exhibited residual
skeletal loss, indicating that the window for bone accrual
in adolescence is highly sensitive and that prolonged
amenorrhea can lead to permanent deficits. The REFUEL
trial confirmed that BMD responded positively to
increased energy intake over a 12-month period, but the
gains were gradual and required consistent adherence to
the nutritional protocol (De Souza et al., 2022).

The neuroendocrine results highlight the extreme
sensitivity of the female reproductive system to exercise
stress. Bullen et al. (1985) reported that strenuous
exercise induced menstrual disorders in nearly all
untrained subjects within two cycles, regardless of their
weight. Beitins et al. (1991) confirmed that this
dysfunction manifests in two types: shortened luteal
phases and total anovulation, both detectable through
urinary progesterone levels. Interestingly, the research
by Koltun et al. (2020) suggests that hypothalamic
amenorrhea can be clearly discriminated from
hyperandrogenic conditions by the lack of elevated
testosterone and the presence of low LH levels, which are
markers of the metabolic "shutdown" associated with
FHA.

In the domain of occupational therapy, the results of the
NEW-R program pilot study showed that structured
lifestyle interventions can lead to significant weight loss
and improved self-efficacy in individuals with severe
mental illness (Brown et al., 2015). Occupational therapy
interventions for rheumatoid arthritis and
musculoskeletal shoulder conditions also showed high
effectiveness when they focused on ergonomic
modification and meaningful activity engagement rather
than just biomechanical exercise (Siegel et al, 2017;
Marik & Roll, 2017). These results indicate that OT is a
vital component of re-ablement, particularly for older
community-living people who need to navigate their
environments despite chronic illness (Pettersson &
Iwarsson, 2017).

The psychological results emphasized the role of social
support as a buffer against occupational stress. Jordanian
nurses who reported higher levels of social support
experienced significantly fewer job-related stressors
(Hamaideh et al, 2008). Similarly, students who
identified a strong "meaning-in-life" reported higher life
satisfaction and better mental health outcomes,
suggesting that salutogenic resources are essential for
maintaining the Lifestyle Triad under pressure
(Harikandei, 2017; Haugan & Dezutter, 2021). The
GOV.UK reports on NHS staff management further
support the notion that high-quality management and
staff health are directly correlated with service quality,
reinforcing the institutional importance of wellness
initiatives (Health, 2011).

DISCUSSION

The interpretation of these findings necessitates a deep
dive into the theoretical implications of the Lifestyle Triad
and its impact on human physiology. At the heart of the
discussion is the "Energy Availability Hypothesis," which
posits that the body possesses a sophisticated metabolic
sensor that monitors the flux of nutrients. When energy is
scarce, the hypothalamus suppresses GnRH, which in turn
leads to a cascade of hormonal deficiencies. This is not
merely a biological error but an evolutionary survival
mechanism designed to prevent pregnancy during times
of famine or high environmental stress. However, in the
modern context of "over-training" and "under-eating,"
this survival mechanism becomes a source of chronic
pathology, leading to osteoporosis and reproductive
dysfunction (Gordon et al.,, 2017).

A critical point of discussion is the concept of "metabolic
efficiency” vs. "metabolic health." Some athletes may
appear to function well despite amenorrhea, but the
REFUEL study results suggest that their internal systems
are in a state of high-alert conservation. The recovery of
menses observed in Salamunes et al. (2025) underscores
that the body requires a "surplus” of energy to signal that
it is safe to restart the reproductive cycle. This has
profound implications for how we treat FHA. Rather than
relying on hormonal replacement therapy (HRT), which
merely provides a withdrawal bleed without addressing
the underlying metabolic deficit, clinicians should
prioritize  nutritional rehabilitation and weight
restoration (Misra et al., 2008).

The skeletal health data from anorexia nervosa studies
(Miller et al., 2006; Misra et al., 2008) raises alarming
questions about the long-term scope of these disorders. If
peak bone mass is not achieved during the critical
adolescent years, the risk for fractures in later life
increases exponentially. The discussion must therefore
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advocate for early intervention and screening for the
"Lifestyle Triad" in pediatric and collegiate settings
(Agarwal & Usharani, 2026). Furthermore, the role of IGF-
1 as a mediator in this process cannot be overstated.
Cominato et al. (2014) showed that IGF-1 is a crucial link
between nutrition and the HPO axis, serving as a
peripheral signal that the body has sufficient protein and
energy stores to support the energetic demands of
menstruation.

From an occupational perspective, the use of Kielhofner’s
Model of Human Occupation (MOHO) allows us to
understand why behavioral change is so difficult for many
patients. Lifestyle interventions like NEW-R (Brown et al.,
2015) succeed because they address "habituation"-the
routines and roles that define a person's day. If a student's
"habit" is to skip breakfast and study for 12 hours straight,
no amount of medical advice will work until those habits
are restructured through occupational therapy. This is
where the American Occupational Therapy Association
(AOTA) plays a vital role, by advocating for OT as a
primary service in health promotion and disease
prevention (AOTA, 2021).

The psychosocial dimension of the triad-meaning-in-life
and social support-serves as the "glue" that holds the
other components together. According to the salutogenic
theory of health promotion (Haugan & Dezutter, 2021), a
sense of coherence allows people to perceive life as
manageable and meaningful. When a nurse or a student
feels supported, their perceived stress level drops, which
in turn prevents the high cortisol levels that can interfere
with the HPO axis and metabolic health. This creates a
"virtuous cycle" where psychological resilience supports
physical health, and physical health provides the energy
required for psychological engagement.

The limitations of this research include the reliance on
self-reported dietary data in some studies and the
challenges of long-term adherence in randomized trials
like REFUEL. Future scope for research should include
longitudinal studies that track the skeletal health of
former amenorrheic athletes into menopause to
determine if nutritional intervention in their youth
successfully prevented the onset of early osteoporosis.
Additionally, more research is needed on the role of male
athletes in the Lifestyle Triad, as energy deficiency and its
impact on testosterone and bone health are increasingly
recognized in this demographic as well.

CONCLUSION

The "Lifestyle Triad" of stress, diet, and exercise
represents the fundamental architecture of human health.
This research has demonstrated that when this triad is
unbalanced-through excessive exercise, inadequate

energy intake, or chronic psychological stress-the
neuroendocrine system responds with a comprehensive
shutdown of non-essential functions, most notably the
reproductive and skeletal systems. The evidence from the
REFUEL study and anorexia nervosa research highlights
that nutritional recovery, specifically an increase in
energy availability, is the non-negotiable first step in
restoring physiological harmony.
Furthermore, the study establishes that occupational
therapy and psychosocial support are not secondary
"adjunct” treatments but are central to the success of any
lifestyle intervention. By addressing the habits, roles, and
"meaning-in-life" of individuals, healthcare providers can
facilitate lasting behavioral change. Institutional policies,
such as those recommended for the NHS and collegiate
wellness programs, must prioritize the health of their
staff and students to maintain the quality of service and
education.
Ultimately, the goal of managing the Lifestyle Triad is to
transition from a state of metabolic conservation to one of
thriving health. This requires a cultural shift away from
the glorification of "over-work" and "thinness" toward a
balanced model of energy expenditure and recovery. As
we continue to refine our understanding of the HPO axis
and the role of markers like IGF-1, the integration of
nutritional science, sports medicine, and occupational
therapy will remain the gold standard for clinical practice
and wellness promotion in the 21st century.
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