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Infertility in women of advanced reproductive age represents an important clinical and demographic challenge. Female reproductive potential declines
significantly after the age of 35 due to progressive ovarian aging, reduced ovarian reserve, and increasing chromosomal abnormalities in oocytes. Con-
sequently, infertility becomes more common, and reproductive outcomes are increasingly influenced by metabolic status, endocrine regulation, and
overall systemic health.

Aim — to synthesize current evidence on the relationship between body composition, fat distribution, and reproductive outcomes in women of advanced
reproductive age, with particular emphasis on the role of metabolic and endocrine factors.

Special attention is given to the interaction between constitutional body morphology (somatotype), body composition parameters, and fertility, including
outcomes of assisted reproductive technologies. In addition, existing gaps in the literature regarding the combined assessment of somatotype accord-
ing to the Heath-Carter method and body composition based on the Matiegka approach in relation to female infertility are identified. Limited data on the
interaction between these constitutional characteristics and stress-related adaptive responses are assessed, particularly under conditions of prolonged
psychosocial stress. A conceptual framework integrating somatotype, body composition, metabolic regulation, and adaptive mechanisms in the context
of female reproductive function is developed, and the need for further research, especially in populations exposed to chronic stress conditions such as
those observed in Ukraine, is substantiated.

Conclusion. Such investigations, especially when conducted in populations exposed to prolonged war-related stress, may provide new insights into
the constitutional and adaptive determinants of female reproductive function and contribute to the development of more personalized diagnostic and
therapeutic strategies for infertility.
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AHTpONOMeTpUYHI KOMNOHEHTU coMaToTMNY (eHAoMOopdia, Me3oMopdia Ta ekTomopis)
3a metopgom Heath-Carter ta KoMnoHeHTM cknapy Tina 3a Metogom Matiegka B XiHOK

i3 6e3nnigaam

0.0. Bepecrosuii’, A.P. CnzoHeHko"?

'HauioHanbHuii Meanunnii yHisepcuteT imeHi O.0. boromornbLs, M. Kuis, YkpaiHa
’KUiBCbKWI NeprHaTanbHnii LeHTp, YKpaiHa

Besnnigas B KiHOK CTapLUOro PenpOAYKTVBHOTO BiKY € B&X/MBOIO KNIHIYHOK Ta AeMOrpadivHoio Npo6aemoto. XIHOUni penpoayKTMBHWA NoTeHuian
3HAYHO 3HKYETLCA Micnga 35 POKIB Yepes Nporpecytoye CTapiHHA SEYHNUKIB, 3HVKEHHS OBapiaibHOro pesepsy Ta 30iNbLEHHS XDOMOCOMHMX
aHOMafii B ooumTax. Kk Hacnigok, 6e3nniaas cra€ Oibl NOWMPEHNUM, 8 PENPOAYKTVBHI pe3ynsTaty Aeaani Oinblue 3anexaTs Big MetadoniyHoro
CTaTyCy, €HAOKPUHHOT perynduii Ta 3arasbHoOro CMCTEMHOro 340P0B 4.

MerTa — c1HTE3yBaTH Cy4acHi AaHi PO B3aEMO3B A30K MiX CKNaA0oM Tina, PO3MOAIIOM XMPY Ta PENPOAYKTUBHUMY PE3YbTaTaMu B XKIHOK CTapLIOro
PENPOAYKTMBHOIO BIKY, 3 OCOO/IMBUM aKLEHTOM Ha PO/ META0O/IYHNX T8 eHOAOKPUHHIX (PaKTOPIB.

OcobnmBy yBary NpUAINEHO B3aEMOAII MiXX KOHCTUTYUIHO MOPGONOTIEO TiNa (CoOMaToT1n), NapaMeTpamu CKNaay Tina 1a (pepTubHICTIO, 30KpeMa
pes3ynbTatin AONOMPKHUX PENPOAYKTUBHIX TEXHONOT . BUSABNEHO iCHYIOUI MporanvHn B nitepatypi Loao KOMOIHOBaHO! OLLIHKK COMaTOTUMY 3a
metoaom Heath-Carter Ta cknagy Tina Ha oCHOBI nigxoay Matiegka uepes xiHoue 6e3nnigas. OuiHeHo oOMexXeH! AaHi NPO B3aEMOAI0 MK LMK
KOHCTUTYLIRHVUMY XapakTepuUcTkKamu Ta afanTUBHUMIN peakLUigMn, OB d3aHrMy 3i CTPECOM, OCOO/MBO B YMOBAX TPVBA/IOro NCMxoCoLiansHOro
cTpecy. PO3po0neHo KOHLeNTyaibHy OCHOBY, LLIO IHTErpye COMaTOTUM, CKNaA Tina, MetaboniuHy perynauilo Ta adanTmBHi MexaHi3Mn B KOHTEKCTI
XKIHOUOT PENPOAYKTUBHOIT YHKLIT, @ TaKOX 0OrPYHTOBAHO HEOOXIAHICTL NOAANbLIMX AOCAIAXEHE, OCOONMBO B NONYNALIAX, AKi 3a3HAI0Tb TaKMX
XPOHIYHNX CTPECOBUX YMOB, AK Ti, LLIO CMOCTEPIranTbCA B YKpPalHi.
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BucHoBOK. Taki 10C/IIKeHHH, 0COONMBO NPOBeeH! B NONYNALIAX, SKi 3a3HaNV TPUBAIOIrO CTPeCy, NOB'A3aHOI0 3 BINHOIO, MOXYTb [aTV HOBE
DO3YMIHHA KOHCTUTYLIMHNX Ta afanTVBHUX OETEPMIHAHT XXIHOYOT PenpOAYKTUBHOI (PYHKLIT T8 CNPUATH pO3po0LUi Oinbll NepCcoHanisoBaHmx

[IarHOCTUYHWX Ta TePaneBTUYHIX CTPATETIN MikyBaHHSa 6e3n/1iaas.
ABTOPU 3asB/19I0Tb NPO BIACYTHICTE KOHMAIKTY iHTEPECB.

KniwouoBi cnoBa: comatotun, meton Heath-Carter, cknag tina, engomopdid, mesomopdida, ektomopdid, xxiHode 6e3nniaas, aHrponomMmerpis,

penpoayKtnMBHa eHaOKPUHONOTIA

Body composition characteristics demonstrate
substantial influence on fertility outcomes in women
over 35 years, with effects varying by age, body fat
distribution, and specific fertility parameters as-
sessed. In late reproductive age women (40—
52 years), obesity is associated with 77% lower an-
ti-Miillerian hormone (AMH) levels compared to
normal weight women, though antral follicle counts
remain similar [58]. For in vitro fertilization out-
comes, the impact of obesity differs markedly by age:
women under 35 experience compromised embryo
quality [44], while women over 35 show significant-
ly reduced clinical pregnancy rates (10% vs 24.5% in
normal weight controls, p=0.02) [64]. Cumulative
live birth rates decrease progressively with increas-
ing body mass index (BMI), with obese women
showing 26% lower odds compared to normal weight
women (adjusted odds ratio (OR) 0.74, 95% confi-
dence interval (CI) 0.62—-0.87) [50]. The benefit of
weight loss depends critically on age and magnitude:
women up to 35 years may benefit from modest re-
duction within one year, whereas those over 38 years
require substantial weight loss (=5 kg/m?) in com-
pressed timeframes to offset accelerating age-related
decline [50]. Body fat distribution measures often
outperform BMI alone in predicting fertility out-
comes. Each 0.1 unit increase in waist-hip ratio
(WHR) produces a 30% decrease in conception
probability per cycle (hazard ratio (HR) 0.706, 95%
CI0.562-0.887) [71], and women with waist cir-
cumference >80 cm show lower ovarian sensitivity
index independent of BMI [3]. Even eutrophic wo-
men with elevated waist circumference demonstrate
markedly reduced gestation rates (14.3% vs 38.9%,
p=0.002) [10], indicating that central adiposity
exerts effects beyond overall body weight. The
evidence suggests body composition influences mul-
tiple fertility parameters through distinct mecha-
nisms that compound age-related reproductive de-
cline, with central obesity showing particularly
strong associations mediated through metabolic
dysfunction rather than simple adiposity. The stu-
dies varied considerably in design and setting.
Fourteen studies were retrospective in design [6,7,9,
12,33,44,50,53,64,71], six were prospective [3,24,
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36,47,71], seven were cross-sectional [10,13,20,54,
58,69], and one was a systematic review [38]. The
majority were conducted in a fertility clinic or hos-
pital-based settings. Sample sizes ranged from 28 to
14,213 participants, with recruitment periods span-
ning from the 1990s to 2025.

The aim of this literature review is to synthesize
current evidence on the relationship between body
composition, fat distribution, and reproductive out-
comes in women of advanced reproductive age, with
particular emphasis on the role of metabolic and en-
docrine factors.

Body composition measures assessed across
studies. BMI was the most commonly assessed body
composition measure, used in 23 of 25 studies [3,6,7,
10,12,13,20,24,31,33,36,44,47,50,53,54,57,58,64,66,
69,71]. BMI was typically categorized according to
WHO standards: normal weight (18.5-24.9 kg/m?),
overweight (25.0-29.9 kg/m?), and obesity
(=30 kg/m?) [3,47,53]. WHR was assessed in nine
studies [3,9,10,24,38,57,66,69,71]. Common cutoff
values included 0.80 [66,71] and 0.85 [3,10]. Waist
circumference (WC) was measured in eight studies [ 3,
10,38,69,71], with a cutoff of 80 cm frequently used
to distinguish central obesity [3,10]. Body fat per-
centage was assessed using various methods, includ-
ing bioelectrical impedance analysis (BIA) [10,
24,57] and dual-energy X-ray absorptiometry
(DXA) [13]. One study employed a particularly
comprehensive assessment of body composition us-
ing dual-energy DXA to evaluate the distribution of
body fat and the degree of bone mineralization [13].
More sophisticated obesity-related indicators were
evaluated in one large population-based study. These
included a body shape index (ABSI), weight-adjust-
ed waist index (WWT), body roundness index
(BRI), waist-to-height ratio (WHtR), relative fat
mass (RFM), and the non-high-density lipoprotein
(non-HDL) to high-density lipoprotein cholesterol
ratio (NHHR) [69].

Synthesis. The evidence reveals complex, age-de-
pendent relationships between body composition
and fertility outcomes that cannot be adequately
captured by simple BMI thresholds alone. The inter-
action between body composition and age creates
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distinct fertility profiles. In women under 35 years,
obesity primarily affects embryo quality parame-
ters — utilization rates, discard rates, and cryopres-
ervation outcomes — while pregnancy rates appear
relatively preserved [44]. In contrast, women over
35 years with obesity show no clear differences in
embryo quality markers but experience significant
reductions in clinical pregnancy rates [64]. This ap-
parent discrepancy may be explained by the greater
capacity of younger women to compensate for obe-
sity-related metabolic disturbances through rela-
tively preserved oocyte competence and endometri-
al receptivity, whereas in older women, obesity may
further aggravate the pre-existing decline associated
with reproductive aging. Apparent null findings in
some studies may reflect methodological limitations
rather than a true absence of effect. The study re-
porting no significant BMI effects in women aged
>37 years [33] used relatively broad BMI categories
and may have been underpowered to detect modest
differences within an already age-compromised
population. In contrast, studies demonstrating sig-
nificant associations used more detailed BMI strati-
fication, including class I, IT, and I1T obesity [53], or
analyzed BMI as a continuous variable [50], thereby
allowing detection of dose-response relationships
that may be obscured in categorical analyses. The
predominance of retrospective designs across the
included studies introduces the possibility of resi-
dual confounding and selection-related bias, as wo-
men with higher BMI may differ in unmeasured cha-
racteristics such as severity of insulin resistance,
duration of obesity exposure, or comorbidity burden.
However, the consistency of the observed associa-
tions across prospective cohorts [3,71], cross-sec-
tional analyses [54,58], and retrospective studies
[50,53] supports the likelihood that these findings
reflect underlying biological relationships rather
than methodological artifact alone. Synthesizing
across studies, several principles emerge for under-
standing the effects of body composition in women
over 35 years. First, different fertility outcomes ap-
pear to respond to different aspects of body compo-
sition. Ovarian reserve markers, particularly AMH,
show strong associations with BMI [54,58]; ovarian
response to stimulation appears to be related to both
BMI and central adiposity [3,47]; embryo quality
appears more sensitive to BMI in younger than in
older women [44]; and clinical pregnancy rates show
one of the clearest age-dependent interactions with
obesity [6,64]. Second, body fat distribution metrics,
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particularly WHR and WC, often appear to outper-
form BMI in predicting fertility outcomes
[66,69,71], suggesting that the metabolic dysfunc-
tion associated with central obesity may be more
important than overall adiposity alone. This is par-
ticularly evident in women with normal BMI but
elevated WC, who show markedly reduced pregnan-
cy rates [10]. Third, the impact of body composition
on fertility appears to be non-linear and thresh-
old-dependent. Multiple studies identified specific
cut-points — WHR >0.80 [66,71], WC >80 cm
[3,10], and body fat mass >16.65 kg [24] — beyond
which fertility impairment becomes more pro-
nounced. This supports intervention strategies
aimed at achieving clinically meaningful body com-
position targets rather than non-specific weight re-
duction alone. Fourth, the adverse fertility conse-
quences of obesity in women over 35 years appear to
result from the combined influence on multiple re-
productive parameters, including diminished ovari-
an reserve [54,58], impaired ovarian response to
stimulation [3,47], compromised oocyte and embryo
quality [53], and reduced implantation potential
[64]. The relative contribution of each pathway may
vary depending on baseline ovarian reserve, age, and
the assisted reproduction protocol used. Taken to-
gether, these findings indicate that body composi-
tion, particularly central adiposity, exerts clinically
meaningful effects on fertility in women over
35 years through multiple interrelated pathways
that may act synergistically with age-related repro-
ductive decline.

Infertility in women of advanced reproductive age
represents an important clinical and demographic
challenge. Epidemiological studies indicate that fe-
male fecundity declines markedly after the age of
35 as a consequence of progressive ovarian aging, re-
duced ovarian reserve, and increasing chromosomal
abnormalities in oocytes [48]. Consequently, inferti-
lity becomes more prevalent in this age group, and
reproductive outcomes are increasingly influenced
by metabolic and systemic health factors. Despite the
growing number of studies investigating the relation-
ship between body composition and reproductive
health, relatively limited research has examined the
potential role of constitutional body morphology and
somatotype characteristics in fertility disorders
among women older than 35 years [31,41].

Theoretical foundations of somatotyping and
body component composition. The concept of so-
matotype describes the constitutional morphology
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of the human body and reflects the relative develop-
ment of adipose tissue, musculature, and skeletal
structure. The classical somatotype theory was in-
troduced by Sheldon and later refined through an-
thropometric approaches, most notably the Heath—
Carter method, which quantifies the components of
endomorphy, mesomorphy, and ectomorphy using
standardized anthropometric measurements [21].
Body component composition refers to the propor-
tional distribution of fat mass, muscle mass, and bone
mass. These components may be assessed through
various methods, including anthropometry, skinfold
thickness measurements, and bioelectrical imped-
ance analysis [21,65]. Changes in body composition
occur throughout adulthood, and aging in women is
frequently associated with gradual increases in adi-
pose tissue and shifts toward more endomorphic
body constitution patterns.

Somatotype and body mass component compo-
sition in women. Anthropometric and morphologi-
cal studies have demonstrated that women with dif-
ferent somatotypes exhibit distinct distributions of
body composition components, including variations
in fat mass, muscle mass, and skeletal dimensions
[21,24,31]. Research on adult female populations has
shown that constitutional body types differ substan-
tially in metabolic characteristics and patterns of
adipose tissue accumulation. Somatotypes associ-
ated with greater body mass and higher adiposity
often demonstrate increased fat mass relative to
muscle and skeletal components [24,31]. These dif-
ferences in body composition may have important
implications for metabolic health and endocrine
regulation.

Metabolic disorders, body mass, and female in-
fertility. A large body of evidence has established
strong associations between obesity, insulin resis-
tance, dyslipidemia, and polycystic ovary syndrome
(PCOS) and female infertility [42,61]. Excess adi-
pose tissue, particularly visceral fat, contributes to
reproductive dysfunction through multiple mecha-
nisms, including endocrine imbalance, chronic low-
grade inflammation, and disruption of hypothala-
mic-pituitary-ovarian axis regulation. Increased
adiposity has been associated with impaired ovula-
tion, decreased endometrial receptivity, lower im-
plantation rates, and reduced effectiveness of ovarian
stimulation in assisted reproductive technologies
(ART) [34,42,60,61,65,68]. Both insufficient and
excessive body mass have been associated with ad-
verse reproductive outcomes, suggesting that body
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composition plays an important role in reproductive
physiology.

Infertility in women of advanced reproductive
age (35+). Female fertility declines significantly
after the age of 35 as a result of decreasing ovarian
reserve, deterioration in oocyte quality, and increas-
ing rates of chromosomal abnormalities [48]. In ad-
dition to reproductive aging, metabolic disorders
increasingly contribute to infertility in this age
group. Conditions such as obesity, type 2 diabetes
mellitus, and arterial hypertension occur more fre-
quently with advancing age and may negatively in-
fluence reproductive outcomes [42,48,61].

Integration: possible links between somato-
type, body composition, and fertility disorders in
women older than 35 years. The available scientific
evidence allows the development of a conceptual
model linking constitutional morphology with re-
productive health: somatotype — body composition
— metabolic disturbances — fertility impairment.
Somatotypes characterized by increased adiposity
may predispose individuals to metabolic disorders
such as insulin resistance and PCOS, both of which
are established contributors to infertility [34,42,
60,61,65,68]. Morphological studies suggest that
body types associated with greater fat accumulation
may demonstrate metabolic profiles that adversely
influence reproductive endocrine function. Age-re-
lated changes in body composition, including in-
creasing adiposity and redistribution of body fat,
may therefore represent an additional factor contri-
buting to reduced fertility in women older than
35 years.

Somatotype, body composition, and fertility
disorders in women aged 35 and older

Somatotype and body composition influence fe-
male reproductive function primarily through adi-
posity, fat distribution, and associated metabolic and
endocrine disturbances rather than through mor-
phological category per se. In women over 35 years,
evidence directly focused on somatotype and infer-
tility is limited; however, data on obesity indices,
android versus gynoid fat distribution, and condi-
tions such as PCOS provide a mechanistic frame-
work linking endomorphic body habitus and central
adiposity to ovulatory dysfunction, reduced fecun-
dability, and treatment-resistant infertility. Age mo-
difies these associations: body fat increasingly redis-
tributes toward android patterns after 30, while the
strength of association between relative fat mass and
infertility appears to attenuate in older age groups,
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suggesting that age-related decline in ovarian re-
serve partly overshadows the contribution of body
composition [8,24,28,58]. This suggests age-related
ovarian reserve decline overshadows body composi-
tion effects, as antral follicle count (AFC) (reflecting
primordial pool) remains similar despite lower
AMH /inhibin B in obesity [28,58].

Concepts: somatotype and body composition

Heath-Carter somatotype quantifies endomorphy
(fatness from skinfolds), mesomorphy (skeletal ro-
bustness from breadths/girths), and ectomorphy
(linearity from height-weight ratio). Women aver-
age higher endomorphy (e.g., 4.1-6.0) and lower
ectomorphy (2.0-2.5) than men due to greater sub-
cutaneous fat at equivalent BMI, with dominant
categories like mesomorph-endomorph or endomor-
phic-mesomorph [35].

Endomorphy formula:

-0.7182+0.1451xX-0.00068xX2+0.0000014xX3,

where X = (sum of skinfolds) x (170.18 /height in
cm).

Mesomorphy:

0.858 x humerus breadth + 0.601 x femur breadth+
+0.188 X corrected arm girth + 0.161 x corrected
calf girth — 0.131 X height + 4.5 [4].

Somatotype in the Heath—Carter system is de-
scribed by three components: endomorphy (relative
fatness), mesomorphy (musculoskeletal robustness),
and ectomorphy (linearity). Women in general tend
to present higher endomorphy and lower ectomorphy
compared with men, reflecting greater subcutaneous
fat mass at similar BMIs, while mesomorphic and en-
domorphic combinations(«mesomorph-endomorph»
or «endomorphic-mesomorph») dominate in female
samples [28]. Somatotype categories correlate with
but do not uniquely determine underlying fat and
lean mass; composition-based analyses show consi-
derable intra-category heterogeneity, underscoring
the importance of direct body-composition measures
such as BMI, waist circumference, relative fat mass
(RFM), and body-shape indices.

Age-related changes in female body shape

Young adult women predominantly exhibit gy-
noid fat distribution (hips/thighs), shifting progres-
sively toward android (central /abdominal) patterns
after age 30, driven by hormonal changes (e.g., estro-
gen decline), menopause, and lifestyle factors such
as reduced physical activity. Population data show
that young adult women (in their 20s) are predomi-
nantly gynoid, with fat preferentially stored in the
hips and thighs, whereas from the age of 30 onward,
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there is a progressive increase in transitional and an-
droid body types and a higher prevalence of over-
weight and obesity. This age-related «drift» increas-
es WHR, overweight/obesity prevalence,
endomorphy, and android /gynoid ratio, especially
postmenopause, with a reported 42.1% rise in an-
droid fat [18]. This shift reflects both hormonal
changes and lifestyle factors, with increased central
(abdominal) fat and WHR in older women. Pre-
menopausal women favor gynoid fat; postmeno-
pause, android fat becomes dominant due to low es-
trogen, with android fat accelerating during the
menopause transition [18,26]. Since visceral and
android fat are more strongly linked to insulin resis-
tance and systemic inflammation, age-related so-
matotype drift toward more endomorphic-android
patterns enhances exposure to metabolic risk factors
that can impair fertility [26].

Body composition and general female fertility

Multiple cohort and cross-sectional studies
demonstrate that increased total adiposity is associ-
ated with reduced fecundability and higher inferti-
lity prevalence, even among eumenorrheic women
[37]. Obesity (typically BMI >30 kg/m?) is linked
to lower spontaneous conception rates, decreased
cycle fecundity, and diminished success in fertility
treatments such as controlled ovarian hyperstimu-
lation and intrauterine insemination (COH-IUT),
independent of age and other confounders [49]. Pre-
conception cohorts show a linear decline in fecun-
dability ratio with increasing BMI; BMI >29 kg/m?
notably reduces the probability of natural concep-
tion [15]. Large preconception cohorts have shown
a linear decline in fecundability ratios as BMI in-
creases, with notable reductions in the probability of
natural conception when BMI exceeds about
29 kg/m?. Eumenorrheic overweight women have
a higher risk of anovulatory infertility, and obesity
independently worsens cycle fecundity [46]. Central
adiposity appears to be more detrimental than over-
all adiposity. Indicators that reflect visceral fat accu-
mulation — such as the WHR, the ratio of android to
gynoid fat mass, RFM, and the ABSI that accounts
for waist circumference in relation to height and
BMI - often demonstrate stronger associations with
female infertility than BMI alone [8]. These findings
support the concept that an endomorphic somato-
type with prominent android fat deposition is more
closely linked to fertility disorders than peripheral
or gynoid fat accumulation. WHR is causally linked
to anovulatory infertility (multiplicative random
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effects inverse-variance weighting (MR IVW)
OR=2.099, 95% CI: 1.370-3.216; BMI-adjusted
OR=1.582), with WHR>0.85 associated with
a higher risk [67]. Subsequently, ABST and BRI are
anthropometric indices that characterize body fat
distribution and central adiposity more precisely
than BMI, as they incorporate waist circumference
and height to better reflect abdominal and visceral
fat accumulation. Higher values of these indices in-
dicate greater central adiposity associated with me-
tabolic and reproductive risks, and epidemiological
studies show that they may predict infertility more
accurately than BMI, with women in the highest
quartile of BRI (Q4) demonstrating significantly
increased odds of infertility (OR=2.56), the stron-
gest association among indicators such as WC and
the lipid accumulation product (LAP) [70]. National
Health and Nutrition Examination Survey
(NHANES) analyses confirm that RFM strongly
predicts female infertility independently, with stron-
ger odds ratios than BMI and WC in reproduc-
tive-age women [8]. RFM is a newer anthropometric
index designed to estimate body fat percentage using
height and waist circumference, and several
NHANES-based analyses have evaluated its associ-
ation with female infertility. Cross-sectional analyses
of women aged roughly 20—44 years show that high-
er RFM is independently associated with an in-
creased odd of a self-reported history of infertility
after adjustment for demographic and lifestyle co-
variates. Dose-response modelling with restricted
cubic splines reveals a generally positive, though
sometimes non-linear, relationship between RFM
and infertility risk, with the lowest risk observed in
moderate RFM ranges (for example, around 36—
41 in some analyses) [34]. Subgroup analyses sug-
gest that the association between high RFM and
infertility is strongest in younger women, particular-
ly those under 35 years of age, whereas the magni-
tude of association weakens in women beyond this
age. Despite the attenuation, high RFM remains an
adverse factor across the reproductive age span, in-
dicating that excess central fat is a relevant risk fac-
tor for infertility in both younger and older women,
albeit with diminishing relative impact as ovarian
aging progresses [8].

Somatotype and PCOS-related fertility
disorders

PCOS is aleading cause of anovulatory infertility
and is strongly associated with obesity, central
adiposity, and metabolic syndrome [17]. Recent
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somatotype analyses using the Heath—Carter
method have demonstrated that women with PCOS
exhibit significantly higher endomorphy and
mesomorphy and significantly lower ectomorphy
relative to age-matched controls, with large effect
sizes in endomorphy and ectomorphy components.
Women with PCOS exhibit higher endomorphy
(7.21£0.92 vs. 5.48+0.86; p<0.001, Cohen’s d=2.07),
higher mesomorphy (4.83+0.93 vs. 4.23%0.87;
p<0.001, d=0.74), and lower ectomorphy
(2.02+0.58 vs. 2.78+0.64; p<0.001, d=-1.50) [17].
Lean women with PCOS have also been reported to
show a somatotype of 4.96—4.38-3.00, compared
with 4.17-4.59-2.89 in controls [72]. These women
tend to cluster into somatotype categories
characterized by high relative fatness and robust
musculature, such as endomorphic-mesomorphs,
distinguishing them from the leaner, more linear
somatotypes seen in healthy controls [72]. PCOS is
a major cause of anovulatory infertility and is
commonly associated with obesity, central adiposity,
and metabolic abnormalities, including insulin
resistance and dyslipidemia [17,72]. The
combination of endomorphic somatotype, increased
central fat, and insulin resistance in PCOS amplifies
the risk of chronic anovulation, luteal phase defects,
and subfertility. In women older than 35 years, the
coexistence of ovarian aging and PCOS-related
metabolic dysfunction may further reduce
fecundability and may warrant more intensive
lifestyle and pharmacologic approaches to restore
ovulation and improve treatment outcomes [55,56].
Women with PCOS demonstrated significantly
higher body weight, body surface area, and mass-
height index. They also exhibited greater hip
circumference, chest girth, and shoulder girth.
Skinfold thickness analysis revealed pronounced
accumulation of adipose tissue in women with
PCOS, particularly in the shoulder, breast, and
trunk regions. Women with PCOS were
predominantly characterized by mesomorphic
(54.0%) and endomesomorphic (9.1%) somatotype
components and showed increased fat mass
according to Mateiko’s method [41]. Another study
analyzed the relationship between somatometric
body parameters, body composition, and
endogenous hormone levels in 1,005 healthy adult
women. The results demonstrated that even after
completion of growth, significant associations persist
between body morphology and endocrine regulation.
Linear body dimensions and skeletal robustness
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were positively related to hormones involved in
growth processes, while body fat development was
closely linked to sex hormone activity and metabolic
regulation. These findings indicate that body size,
skeletal structure, and fat distribution may serve as
anthropometric markers of endocrine function and
reproductive capacity in women [27].

Evidence specific to women aged 35 and older

Few studies restrict analysis exclusively to women
over 35 when examining somatotype or body com-
position as determinants of infertility, so the evi-
dence must be interpreted from age-stratified ana-
lyses and broader reproductive-age cohorts.
NHANES-based studies of relative fat mass and the
limited somatotype literature do not provide analy-
ses restricted exclusively to women older than
35 years; instead, they rely on age-stratified data
suggesting weaker associations between RFM and
infertility in women aged 35 years and older than in
younger women, while odds ratios remaining above
1 suggest an additive contribution of adverse body
composition on top of ovarian aging [8,17]. In RFM-
based studies using NHANES data, interaction ana-
lyses show that while high RFM significantly in-
creases infertility odds in women under 35, the
association is less pronounced or statistically weaker
in women aged 35—44 years, implying that chrono-
logical age and related ovarian factors contribute
more strongly to infertility in this group [8,34].
Nonetheless, point estimates generally remain above
unity for older women with high RFM, suggesting
that unfavorable body composition continues to add
risk on top of age-related decline. Few studies focus
solely on women older than 35 years for somatotype-
or body composition-related infertility; evidence
from broader cohorts and stratified analyses suggests
that android adiposity and obesity become more
prevalent after age 30, shifting body composition
toward more endomorphic-central patterns and po-
tentially heightening the risk of ovulatory and im-
plantation-related fertility disorders in women over
35 years despite limited age-specific epidemiologic
data [26,43]. Age-related changes in body shape de-
scribed in anthropometric surveys reveal that after
age 30, there is both an increase in the prevalence of
android body type and a higher proportion of over-
weight and obese women, reflecting a trend toward
more endomorphic and centrally obese somatotypes
[26,43,51]. Women older than 35 years with in-
creased endomorphy and central adiposity may
therefore represent a high-risk subgroup for ovula-
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tory and implantation-related disorders; in addition,
excess body weight is associated with lower clinical
pregnancy and live birth rates and higher miscar-
riage risk in assisted reproduction settings [22,62].
When combined with the known negative effects of
android adiposity and obesity on fecundability and
ART outcomes, these patterns support the clinical
view that women over 35 years with pronounced en-
domorphy and central fat accumulation represent
a high-risk subgroup for ovulatory and implanta-
tion-related fertility disorders, even if the available
epidemiologic data are not exclusively focused on
this age band. Central obesity, reflected by elevated
WHR and WC, is associated with reduced fecundity,
and obesity is associated with a substantially in-
creased risk of infertility compared with normal
weight [42]. Obesity may impair ovulation, oocyte
and embryo quality, and endometrial receptivity and
implantation [40]. In ART settings, women with
obesity often require higher gonadotropin doses and
may have fewer retrieved oocytes and lower live
birth rates [22,62]. Similar conclusions have been
reported in studies showing that higher BMI wor-
sens in vitro fertilization (IVF) / intracytoplasmic
sperm injection (ICST) outcomes in older women,
with central adiposity remaining particularly rele-
vant despite confounding by age-related ovarian
decline [50].

Possible mechanistic links between somato-
type, body composition, and fertility

The adverse impact of endomorphic, centrally
obese body types on fertility is mediated through
several mechanisms. Visceral adipose tissue secretes
pro-inflammatory cytokines such as tumor necrosis
factor alpha (TNF-a) and interleukin-6 (IL-6), con-
tributing to chronic low-grade inflammation that
impairs hypothalamic-pituitary-ovarian axis func-
tion, oocyte quality, and endometrial receptivity
[40]. Central obesity also promotes insulin resis-
tance and compensatory hyperinsulinemia, which
can exacerbate hyperandrogenism, disrupt folliculo-
genesis, and lead to chronic anovulation, particular-
ly in PCOS phenotypes. Obesity-related inflamma-
tion affects follicular fluid composition, oocyte gene
expression, and implantation, including impaired
endometrial stromal cell decidualization [19,32].
Central obesity and insulin resistance may increase
ovarian androgen production through insulin-sensi-
tive steroidogenesis, reduced sex hormone-binding
globulin (SHBG), and increased insulin-like growth
factor 1 (IGF-1) activity, thereby contributing to
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arrested folliculogenesis and anovulation in PCOS
[52]. Excess adiposity alters SHBG levels and pe-
ripheral aromatization, resulting in disturbed estro-
gen and androgen balance that may affect follicular
recruitment, luteal function, and early pregnancy
maintenance [52]. In addition, obesity is associated
with altered leptin and adiponectin levels, which
have direct and indirect effects on gonadotropin sec-
retion, ovarian steroidogenesis, and implantation,
while hepatic steatosis and dyslipidemia may com-
pound endocrine disturbances. In older women,
these mechanisms operate on a background of dimi-
nished ovarian reserve and oocyte competence, po-
tentially making the reproductive system more vul-
nerable to metabolic insult while simultaneously
limiting the degree to which weight optimization
can fully restore fertility potential [59].

Impact on assisted reproductive technology
outcome

In women undergoing COH-IUI or in vitro ferti-
lization (IVF), body composition appears to influ-
ence treatment success beyond chronological age.
A prospective study in women with unexplained
infertility undergoing COH-TUT found that fat mass
>16.65 kg predicted treatment failure (OR 0.4, sen-
sitivity 61.8%, specificity 70.2%) and was more in-
formative than BMI or WHR [24]. A prospective
observational study in women with unexplained
infertility treated with COH-IUT found that body
composition parameters, including higher fat mass,
were associated with reduced cycle fecundity, al-
though the cohort was not age-restricted to women
over 35 [24]. In IVF settings, obesity has been asso-
ciated with higher gonadotropin requirements, low-
er peak estradiol levels, reduced oocyte yield, and
lower implantation and live birth rates, with these
effects persisting after adjustment for protocol-relat-
ed factors [1,16]. Every 5-unit increase in BMI has
been associated with approximately 5-7% lower
clinical pregnancy and live birth rates and about 9%
higher miscarriage risk, together with adverse effects
on oocyte quality, embryo development, and endo-
metrial receptivity [1]. Given that many ART pa-
tients are 35 years or older, these findings are clini-
cally relevant: an endomorphic, centrally obese
somatotype may compound age-related decline by
impairing ovarian response and endometrial recep-
tivity. However, the relative contribution of somato-
type and body composition to ART outcomes, com-
pared with ovarian reserve markers such as AMH
and antral follicle count, remains insufficiently quan-
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tified in older women [60,69,73]. Identifying an en-
domorphic, android pattern can help stratify meta-
bolic and reproductive risk, prompting early lifestyle
interventions targeting weight reduction, visceral
fat loss, and improvement in insulin sensitivity
through diet, physical activity, and, in selected cases,
pharmacotherapy [30,39]. In patients with PCOS
older than 35 years, intensive management of adi-
posity and metabolic abnormalities may partially
restore ovulatory cycles and enhance responsiveness
to ovulation induction or IVFE although the absolute
benefit remains constrained by age-related ovarian
factors [5,14,23,25,63].

Research gaps and future directions. There is
a scarcity of prospective, age-stratified studies di-
rectly linking somatotype categories (endo-
morph-mesomorph-ectomorph profiles) to specific
infertility diagnoses and treatment outcomes in
women aged 35 years and older. Limited prospective
studies have linked Heath-Carter somatotype to in-
fertility and treatment-related outcomes in women
aged >35 years; most PCOS and broader reproduc-
tive-age cohorts lack adequate age stratification
[17]. There are no sufficiently characterized datasets
focused exclusively on women aged >35 years that
relate somatotype profiles directly to infertility di-
agnoses and outcomes; available broader datasets
suggest that endomorphy increases with age, but not
specifically in infertility-defined populations [35].
Standardized somatotype assessment remains scarce
in late-reproductive-age infertility research [2]. Be-
cause AMH and AFC are important predictors of
oocyte yield and quality in women aged >35 years,
integration of body composition assessment with
ovarian reserve markers may help disentangle the
relative contributions of adiposity and constitutio-
nal morphology to IVF success [11,29,45]. Longitu-
dinal interventional studies focusing on women over
35 with endomorphic, centrally obese somatotypes
are needed to quantify the impact of targeted weight
and waist reduction on spontaneous pregnancy
rates, ovulatory function, and ART success, while
accounting for ovarian reserve and comorbidities. In
addition, exploration of gene-environment interac-
tions influencing somatotype evolution across the
reproductive lifespan could clarify why some women
maintain more favorable (less endomorphic, more
gynoid) body types despite aging and whether these
trajectories are associated with preserved fertility
potential [42]. Although numerous studies have exa-
mined the relationship between body composition
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and reproductive health, direct investigations of the
association between somatotype and fertility out-
comes in women older than 35 years remain limited
[31,41]. Future research should therefore include:

* combined assessment of somatotype and body
component composition;

* stratification of advanced reproductive age
groups (for example, 35-39 and 40—44 years);

* evaluation of reproductive indicators such as
ovulatory function, oocyte quality, and outcomes of
ART. One possible working hypothesis is that endo-
morphic somatotypes characterized by higher adipose
tissue accumulation may be associated with increased
rates of anovulatory infertility and reduced effective-
ness of fertility treatment in women older than
35 years [34,42,60,61,65,68].

Conclusions

The available literature suggests a complex inter-
action between constitutional body morphology,
body composition, metabolic status, and reproduc-
tive function. These relationships may be summa-
rized as: somatotype — body composition — meta-
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