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Abstract

Background: Excess adiposity has been associated with endocrine and metabolic alterations
that may affect ovarian physiology and outcomes in assisted reproductive technology (ART).
Objectives: The purpose of this study was to evaluate whether body mass index (BMI) was
independently associated with ovarian follicular response in women undergoing assisted
reproductive procedures. Methods: A cross-sectional study was conducted including
259 women aged 18 to 43 years. Analyses included nutritional status, diet quality, and
follicular response. Associations were analyzed using chi-square and Kruskal-Wallis tests
and negative binomial regression adjusted for age and indication. Results: Mean age was
32.8 + 6.3 years, and mean BMI was 24.7 + 3.2 kg/m?. Diet quality was not associated
with follicle number or morphological quality. Overall, 47.5% of participants had normal
weight, 42.9% were overweight, and 6.9% had class I obesity. Follicular yield differed
across BMI categories in unadjusted analyses (p = 0.017), but BMI was not independently
associated with follicle count after adjustment (IRR = 1.010; 95% CI: 0.983-1.036; p = 0.488).
Age remained the only independent predictor, with each additional year associated with
a 5.9% reduction in expected follicle count (IRR = 0.941; 95% CI: 0.920-0.963; p < 0.001).
Conclusions: BMI was not independently associated with follicular yield after adjustment,
whereas age remained the principal determinant of ovarian response. These findings
should be confirmed in prospective studies incorporating ovarian reserve markers and
stimulation-related variables.

Keywords: body mass index; reproductive technology; ovarian stimulation; follicles
retrieved; infertility; reproductive aging
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1. Introduction

Obesity has emerged as a pervasive determinant of reproductive morbidity, with
prevalence rates among women of childbearing age exceeding 25% in most high- and
middle-income countries [1,2]. Clinical evidence increasingly suggests that an elevated
body mass index (BMI) negatively affects female fertility through a range of endocrine and
metabolic disturbances [3,4]. The extent to which maternal adiposity modifies treatment-
specific outcomes remains incompletely characterized [5,6]. Although the impact of BMI
on live birth rates has been widely documented, the relationship between BMI and ovarian
follicular response—the physiological basis of successful in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI)—requires further investigation [7,8].

Ovarian follicular response is a critical surrogate marker of the efficacy of controlled
ovarian stimulation (COS) [9]. The efficiency of this gonadotropin-driven process deter-
mines the number and developmental competence of retrievable oocytes [10-12]. In women
with elevated BMI, this process may be impaired by an altered metabolic and hormonal
environment [13,14]. Adipose tissue secretes adipokines, pro-inflammatory cytokines, and
steroid precursors that modulate hypothalamic—pituitary—ovarian signaling in a depot-
and mass-dependent manner [15-17]. Excess adiposity is associated with a chronic state of
low-grade systemic inflammation and hyperinsulinemia, both of which exert inhibitory
effects on the hypothalamic-pituitary—ovarian (HPO) axis [18,19].

The pathophysiological mechanisms linking BMI and follicular dynamics are complex
and multifactorial. Elevated leptin levels, an adipocyte-derived hormone, have been shown
to directly inhibit the steroidogenic activity of granulosa cells [20-23]. Previous studies
have shown that high leptin concentrations may inhibit the production of estradiol and
progesterone, thereby impairing follicular selection and dominance [24,25]. In addition,
insulin resistance, one of the hallmarks of obesity, often leads to compensatory hyperin-
sulinemia [26,27]. Insulin can act synergistically with luteinizing hormone (LH) in theca
cells to stimulate androgen synthesis [28]. This hyperandrogenic environment may arrest
follicular development at the preantral stage, ultimately reducing the yield of mature
oocytes [29,30].

Although much of the available evidence has focused on women with obesity, there
is growing interest in understanding the potential impact of being overweight and mild
obesity on ovarian response during assisted reproductive treatments. Even moderate
increases in BMI can be associated with altered insulin sensitivity, changes in adipokine se-
cretion, and a chronic low-grade inflammatory state—factors that can modify the follicular
microenvironment and affect follicular development and oocyte competence. However,
the clinical effects of being overweight and mild obesity remain a subject of debate; some
studies have reported a reduced response to ovarian stimulation, while others have found
no significant differences after adjusting for factors such as age and ovarian reserve. These
discrepancies highlight the need for further research into the potential effect of moderate
excess body weight on follicular response in women undergoing assisted reproductive
techniques [4,31].

Published evidence on ovarian stimulation outcomes in overweight and obese women
is conflicting [32]. Some cross-sectional studies have reported a significant reduction in the
number of retrieved oocytes and a higher incidence of cycle cancellation due to poor ovarian
response [33]. In contrast, other studies suggest that although initial follicular recruitment
may be adequate, the subsequent maturation process may be impaired, resulting in a higher
proportion of immature or dysmorphic oocytes [34,35]. These discrepancies highlight the
need for comprehensive analyses that control for potential confounding variables such as
age, baseline anti-Miillerian hormone (AMH) levels, and the specific controlled ovarian
stimulation (COS) protocols used [36,37].
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Beyond immediate hormonal interference, the follicular microenvironment, partic-
ularly the follicular fluid, also undergoes significant alterations. Studies have reported
increased concentrations of triglycerides, free fatty acids, and inflammatory markers such
as C-reactive protein (CRP) in the follicular fluid of obese women [38—40]. This lipotoxic
environment may induce mitochondrial dysfunction and oxidative stress in the oocyte and
surrounding cumulus cells [41]. Such cellular damage can compromise meiotic spindle
assembly and ultimately impair embryo developmental competence [42]. Therefore, follic-
ular response should be interpreted not only in terms of follicle count but also considering
the biochemical integrity of the follicular microenvironment [43,44].

The clinical need to optimize assisted reproductive technology (ART) protocols for
patients across different BMI categories is increasingly evident. As fertility clinics encounter
a growing number of patients with obesity, the demand for evidence-based guidelines
regarding gonadotropin dosing continues to increase [45]. Cross-sectional analyses provide
valuable insights into these associations, enabling clinicians to identify patterns that might
not be readily apparent in longitudinal studies. By examining the follicular response in
relation to BMI, researchers may better identify patients at risk of suboptimal reproductive
outcomes and support the implementation of preconception weight management strategies
or pharmacological interventions to improve reproductive outcomes [46].

Assisted reproductive technologies (ARTs) play a fundamental role in the management
of couples with complex infertility, particularly when factors such as advanced maternal
age, metabolic disorders, diminished ovarian reserve, or multiple causes of infertility coex-
ist. In these scenarios, optimizing ovarian stimulation protocols and identifying factors that
may influence follicular response are essential for improving oocyte yield and enhancing
reproductive outcomes. Understanding the impact of modifiable variables—such as nutri-
tional status and body mass index—can contribute to better treatment individualization
and the development of strategies to optimize assisted reproduction outcomes [47].

In Ecuador, the intersection of nutrition and reproductive health is an important
public health concern [48]. National health surveys (ENSANUT) have reported a steady
increase in the prevalence of overweight and obesity among women of reproductive
age, reflecting global trends but also influenced by local dietary patterns and sedentary
lifestyles [49,50]. Despite these rising figures, there is still limited local evidence on how
these metabolic changes affect Ecuadorian women undergoing fertility treatments [51].
Additionally, socioeconomic conditions and potential genetic predispositions in populations
from the Andean and coastal regions may influence the phenotypic expression of polycystic
ovary syndrome (PCOS) and other metabolic disorders associated with BMI. These factors
underscore the need for focused research in this population to inform and tailor clinical
interventions [52].

The present study aimed to determine whether BMI independently predicts the num-
ber and morphological quality of retrieved follicles—after adjustment for age and clinical
indication—in women undergoing assisted reproductive procedures at a tertiary center
in Ecuador.

2. Materials and Methods
2.1. Study Design

A cross-sectional observational study was conducted to examine the association be-
tween BMI and ovarian follicular response in women undergoing assisted reproductive
treatments. Ovarian response was assessed using two outcomes recorded in clinical records:
(i) the number of follicles retrieved following controlled ovarian stimulation and oocyte
retrieval, and (ii) the morphological quality of the retrieved follicular complex, classified
as high, medium, or low according to the routine embryological assessment performed
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immediately after follicular aspiration by a single experienced embryologist at the study
center. The assessment was based on the overall macroscopic appearance of the aspirated
follicular complex, including follicular appearance during aspiration, characteristics of
the follicular fluid, ease of oocyte retrieval, and the general morphology of the recovered
cumulus—oocyte complex (COC). Based on this global assessment, each retrieved follicular
complex was assigned to one of three ordinal categories: high, medium, or low quality
(Supplementary Table S1). Because this classification reflected routine clinical practice
rather than a prospectively defined research protocol or a validated grading system, it
should be interpreted as a center-specific morphological assessment. Since all evaluations
were performed by the same embryologist throughout the study period, interobserver
variability was minimized [51].

2.2. Setting, Study Period, and Data Source

The study was conducted at Hospital de Especialidades Provida Nacer, Reproduccién
Humana (Latacunga, Ecuador), using secondary data obtained from clinical records of
women treated with assisted reproductive techniques between 2021 and 2024. Data were
collected through a retrospective review of medical records.

The unit of analysis was the clinical record associated with each patient or treatment
cycle during the study period, per the data collection protocol. Before data extraction, all
records were anonymized by removing direct identifiers (names, identification numbers,
and contact information). The extracted information was compiled into a structured
database developed specifically for this study.

2.3. Population, Sample, and Sampling

The study population consisted of 339 medical records of women aged 18 to 49 who
received care for infertility and/or related procedures between 2021 and 2024. Medical
records were identified through the institutional electronic database and screened sequen-
tially according to predefined inclusion and exclusion criteria. A census of all eligible
records available during the study period was performed to minimize selection bias. After
applying the exclusion criteria, 80 records were excluded because of incomplete information
on the exposure variable (BMI) and/or the primary study outcomes. The final analytical
sample comprised 259 medical records. The participant selection process is summarized in
Figure 1.

2.3.1. Inclusion Criteria

Clinical records of women aged 18-49 years who underwent infertility evaluation
and/or assisted reproductive treatments between 2021 and 2024 were included if the
variables required by the study protocol were available, including weight and height for
BMI calculation and records needed to assess ovarian follicular response.

2.3.2. Exclusion Criteria

The following protocol-defined exclusion criteria: prior bariatric surgery, documented
premature ovarian insufficiency, current use of medications known to affect ovarian func-
tion (e.g., GnRH agonists for non-ART indications), or chart-documented conditions in-
dependently associated with altered follicular dynamics (e.g., severe endometriosis stage
II-1V). Endocrine and metabolic disorders were not considered automatic exclusion crite-
ria. Women were included provided they met the predefined eligibility criteria and had
sufficient clinical information available for analysis. Conversely, patients with concurrent
medical conditions judged to substantially affect fertility through mechanisms unrelated to
the objectives of this study were excluded. Because the study was based on retrospective
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SELECTION PROCESS

ANALYTICAL FRAMEWORK

clinical records, endocrine and metabolic comorbidities were not systematically available
and therefore were not included as study variables.

CLINICAL RECORDS IDENTIFIED
(2021-2024)
(N = 339)
~ INCOMPLETE BMI AND/OR
FACIUDES (<o) ] OUTCOME DATA

[

FINAL ANALYTICAL SAMPLE
(N =259)

BODY MASS INDEX OUTCOMES « FOLLICLE COUNT
(WHO CATEGORIES) « FOLLICULAR QUALITY

- AGE

[ COVARIATES ]o—> « CLINICAL INDICATION
« OCCUPATION

Figure 1. Study selection and analytical framework for the analytical sample (n = 259).

2.4. Variables and Operational Definitions

The primary exposure variable was BMI, calculated as weight (kg) divided by height
(m) squared (kg/m?), based on anthropometric data recorded in the clinical records. BMI
was categorized according to the World Health Organization (WHO) classification as
underweight (<18.50 kg/m?), normal weight (18.50 to 24.99 kg/m?), overweight (25.00 to
29.99 kg/m?), and obesity (>30.00 kg/m?) [53].

Ovarian follicular response was evaluated using two outcomes documented in the
clinical records: (i) the number of follicles retrieved following ovarian stimulation and
oocyte retrieval, analyzed as a discrete count variable [54]; and (ii) the morphological
quality of the retrieved follicular complex, classified as high, medium, or low and analyzed
as a categorical variable.

For descriptive and comparative analyses, follicle count was additionally categorized
into five groups (<5, 6-10, 11-15, 16-20, and >21), based on the distribution observed in
the dataset.

Covariates included age, occupation, indication for the procedure, type of infertil-
ity (primary or secondary), and procedures performed (aspiration and vitrification), as
recorded in the clinical records. Given its established association with ovarian response,
age was prioritized as an adjustment variable in multivariable analyses. For the descriptive
and comparative analyses, age was also categorized as <35 years and >36 years, using
the 35-year cutoff because it is widely accepted as a threshold associated with a decline
in ovarian reserve and reproductive response in women undergoing assisted reproduc-
tive techniques. Clinical indication was classified according to the primary reason for
the assisted reproductive procedure recorded in the medical records, including primary
infertility, secondary infertility, donor oocyte retrieval, and oocyte vitrification. Nutri-
tional status was determined from anthropometric measurements (weight and height)
recorded in the medical records and classified according to the World Health Organization
BMI classification.
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2.5. Data Collection Procedure and Bias Control

Data were obtained through a retrospective review of clinical records for the period
2021 to 2024. Only records containing a documented nutritional assessment before treat-
ment were included to obtain weight and height measurements for BMI calculation. Clinical
variables and ovarian response outcomes were extracted and recorded in a standardized
data collection template developed for the study. No personal identifiers were recorded
during data extraction, and the analytical dataset was managed in anonymized form. To
reduce information bias, predefined operational definitions were applied to both exposure
(BMI) and outcome variables. The database was reviewed and cleaned before analysis.
Records lacking sufficient information to classify the exposure and/or outcomes were ex-
cluded from the analytical sample. Given the observational design, potential confounding
was addressed by including available clinical covariates in adjusted or stratified analyses,
with particular emphasis on age and clinical indication for the procedure.

2.6. Statistical Analysis

All statistical analyses were performed using standard statistical software. Categorical
variables are summarized as frequencies and percentages. In contrast, continuous variables
are reported as mean =+ standard deviation for normally distributed data or as median
and interquartile range (IQR) for non-normally distributed data. In bivariate analyses,
associations between categorical variables, including BMI categories, categorized follicle
count, and morphological quality of the retrieved follicular complex, were assessed using
the chi-square test or Fisher’s exact test, depending on expected cell frequencies. Statistical
significance was defined as p < 0.05. The number of retrieved follicles was modeled as a
discrete count variable using multivariable negative binomial regression. This approach
was selected over Poisson regression to accommodate the overdispersion observed in
the follicular-count distribution. Variables were entered simultaneously into a single
multivariable model based on a pre-specified analytical plan; no automated variable
selection was performed. BMI (continuous, per kg/m?) and age (continuous, per year) were
entered as numerical predictors, while ART indication was entered as a categorical variable
with donor oocyte aspiration as the reference category. Model adequacy was assessed by
(i) verifying overdispersion through the estimated dispersion parameter (o) and its 95%
confidence interval, (ii) comparing the negative binomial fit against an equivalent Poisson
model through a likelihood ratio test, and (iii) examining the Akaike (AIC) and Bayesian
(BIC) information criteria. Regression coefficients were exponentiated to yield incidence
rate ratios (IRRs) with 95% confidence intervals. All inferential analyses were performed
using Python (statsmodels v0.14) and R (v4.3).

To assess the robustness of the primary regression model to the structural heterogeneity
introduced by donor oocyte cycles, a pre-specified sensitivity analysis was performed,
restricting the dataset to non-donor cycles (primary infertility, secondary infertility, and
oocyte vitrification; n = 196). The multivariable negative binomial regression was refitted
in this restricted cohort using the same covariate structure, with primary infertility set as
the reference category for ART indication.

2.7. Ethical Considerations

This observational study was conducted in accordance with ethical standards for
research involving human subjects. The study protocol was reviewed and approved by
the Comité de Etica de Investigacién en Seres Humanos de la Universidad Central del
Ecuador (CEISH-UCE) (Protocol Code: 004-EXT-2025; approval granted during Session No.
041-CEISH-UCE-2025, 18 November 2025).
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=35 years
n=143 (55.2%)

(a) Age category

The study used secondary data obtained from clinical records. All data were
anonymized before analysis, and no personal identifiers were included in the analyti-
cal dataset.

3. Results
3.1. Participant Characteristics and Clinical Indications

Figure 2 summarizes the demographic distribution and clinical indications of the
analytical cohort. A total of 259 clinical records fulfilled all eligibility criteria and were
included in the final analysis. The baseline anthropometric characteristics of the study pop-
ulation are summarized in Table 1. The mean age was 32.8 £ 6.3 years. Mean body weight,
height, and body mass index (BMI) were 61.5 + 8.8 kg, 1.58 4- 0.05 m, and 24.7 + 3.2 kg/m?,
respectively. Mean waist circumference was 84.3 £ 7.1 cm, abdominal circumference was
85.2 & 7.1 cm, hip circumference was 107.6 £ 8.2 cm, waist-to-hip ratio was 0.784 £ 0.044,
and waist-to-height ratio was 0.535 £ 0.049.

(b) Clinical indications for ART

Secondary

= 9
infertility n=26 (10.0%)

Oocyte
=36 years vitrification
n=116 (44.8%)

n=54 (20.8%)

Donor oocyte

4 n=63 (24.3%)
retrieval

Primary

=116 (44.8%
infertility p=116/(44:5%)

I T T T T T T T T
0 20 40 60 80 100 120 140 160
Number of participants

Figure 2. Distribution of baseline characteristics in the study cohort (n = 259): (a) age category and
(b) clinical indications for assisted reproduction procedures.

Table 1. Baseline characteristics of the study population (n = 259).

Variable Total (n = 259)
Age (years) 32.78 £ 6.31
Height (m) 1.58 £+ 0.05
Weight (kg) 61.53 + 8.75
Body mass index (kg/m?) 24.67 + 3.18
Waist circumference (cm) 84.29 £ 7.11
Abdominal circumference (cm) 85.24 + 7.08
Hip circumference (cm) 107.57 £+ 8.22
Waist-to-hip ratio 0.784 4= 0.044
Waist-to-height ratio 0.535 £ 0.049

Participant age ranged from 18 to 43 years, with a mean age of 32.8 + 6.3 years and
a median of 35 years (IQR: 28-38 years). Using the predefined age threshold, 55.2% of
participants were aged < 35 years (n = 143), whereas 44.8% were aged > 36 years (n = 116),
as illustrated in Figure 2a. Regarding the clinical indications for assisted reproductive tech-
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nology (ART) procedures (Figure 2b), primary infertility was the most frequent indication,
representing 44.8% of the cohort (n = 116; mean age 35.6 years). Donor oocyte aspiration
accounted for 24.3% of records (n = 63; mean age 24.8 years), while oocyte vitrification
represented 20.8% (n = 54; mean age 33.1 years). Secondary infertility comprised 10.0% of
cases (n = 26; mean age 38.8 years). The marked age differences observed between partici-
pants undergoing donor oocyte cycles (mean age 24.8 years) and those receiving treatment
for primary or secondary infertility (mean ages 35.6 and 38.8 years, respectively) reflect
the distinct selection criteria inherent to each clinical pathway and represent a structural
source of confounding that was prioritized in all multivariable analyses.

3.2. BMI Distribution and Nutritional Status Categories

BMI values ranged from 16.0 to 34.0 kg/m?, with a mean of 24.67 + 3.18 kg/m?
and a median of 24.0 kg/m? (IQR: 23.0-26.5 kg/m?). Analysis of a random subsample
using the Shapiro-Wilk test confirmed that the BMI distribution deviated significantly
from normality (W = 0.906, p < 0.001), with moderate positive skewness, consistent with
the right-sided tail observed in Figure 3. According to the World Health Organization
(WHO) classification criteria, 47.5% of participants were categorized as normal weight
(18.5-24.9 kg/m?; n = 123), followed by overweight (25.0-29.9 kg/m?; n = 111, 42.9%),
underweight (<18.5 kg/m2; n=7,2.7%), and class I obesity (>30.0 kg/mz; n =18, 6.9%).
Overall, 49.8% of the cohort presented a BMI > 25 kg/m?, encompassing both overweight
and obesity categories. This distribution is broadly consistent with national epidemiological
data reporting an increasing prevalence of excess adiposity among Ecuadorian women of
reproductive age. It provides a clinically relevant range of BMI variation for examining
associations with ovarian follicular response.

BN Underweight
B Normal weight

H Overweight
<185 =i 18524108 25-29.9 230 = Obesity
Underweight

35 A

: No‘rmgl weight Overweight Obesity

==+ Reference normal curve

30 1

Frequency (n)

15.0 17.5 20.0 225 25.0 21.5 30.0 325 35.0
Body Mass Index (kg/m?)

Figure 3. Histogram of BMI (kg/m?), showing the frequency distribution in the study cohort with an
overlaid reference normal curve.

3.3. Indication of Infertility and Diet Quality as Contextual Correlates of BMI-Related
Follicular Response

Neither BMI category nor DQI-I-based diet-quality classification was significantly
associated with ART indication type (x*> = 6.95, p = 0.643) or with follicular outcomes
(follicle-yield category: x> = 9.82, p = 0.278; mean follicle count: ANOVA F = 1.52, p = 0.221;
morphological quality: x> = 6.22, p = 0.184). Detailed distributions are presented in
Figures 4 and 5.
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Distribution of ART indications by BMI category (n = 259)
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Figure 4. Distribution of assisted reproductive technology (ART) indications by BMI category
(n =259). Each BMI group displays both the proportional representation of clinical indications (left
sub-bar, %) and the absolute counts (right sub-bar, n). Indications are color-coded: primary infertility
(red), donor oocyte aspiration (green), oocyte vitrification (blue), and secondary infertility (orange).
The chi-square test of independence showed no significant association between BMI category and
ART indication (x? = 6.95, df = 9, p = 0.642). ART, assisted reproductive technology; BMI, body
mass index.
(a) Follicle yield categories by diet quality (b) Follicular quality by diet quality
(2 =9.82,df =8, p = 0.278) (¥ =6.22,df = 4, p=0.184)
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Figure 5. Follicular results according to diet quality category (n = 259): (a) follicle yield categories by
diet quality and (b) morphological quality of the retrieved follicular complex by diet quality.
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Diet quality was evaluated using the Diet Quality Index—International (DQI-I) and
categorized as healthy, needs change, or unhealthy. Among the 259 participants included
in the analysis, 48.3% had a healthy diet (n = 125), 45.2% required dietary changes (n = 117),
and 6.6% had an unhealthy dietary pattern (n = 17). No statistically significant association
was observed between diet-quality category and follicle-yield category (x> = 9.82, df =8,
p = 0.278), nor between diet quality and mean follicle count, as confirmed by both one-way
ANOVA (F =1.52, p = 0.221) and the Kruskal-Wallis test (H = 4.51, p = 0.105). Mean follicle
counts were 9.99 + 8.11 in the healthy-diet group, 11.78 4 8.02 in the group requiring dietary
changes, and 11.24 & 7.19 in the unhealthy-diet group, with no significant gradient observed
across categories. Similarly, diet quality was not significantly associated with morphological
follicular quality (x*> = 6.22, df = 4, p = 0.184), as illustrated in Figure 5. Collectively,
these findings suggest that the categorical dietary-intake patterns captured by the DQI-I
instrument were not associated with detectable differences in either the quantitative or
qualitative dimensions of ovarian follicular response in this cohort. This observation is
consistent with the possibility that BMI-related metabolic status, rather than diet quality
itself, may represent the more proximal mediator of alterations in folliculogenesis.

3.4. Follicle Count by BMI Category

Ovarian response was evaluated using two outcomes: the number of follicles re-
trieved following controlled ovarian stimulation and the morphological classification of
the morphological quality of the retrieved follicular complex (high, medium, or low). The
number of retrieved follicles according to BMI categories is presented in Figure 6a. Mean
follicle counts were 17.86 £ 5.27 among underweight participants (n = 7), 9.91 4 8.01 in
the normal-weight group (n = 123), 11.46 £ 8.13 among overweight participants (n = 112),
and 11.24 & 7.19 in the obesity group (n = 17). Because follicle-count distribution de-
viated significantly from normality, as confirmed by the Shapiro-Wilk test (W = 0.906,
p < 0.001), between-group comparisons were primarily assessed using the nonparametric
Kruskal-Wallis test. This analysis identified a statistically significant difference in follicular
yield across BMI categories (H = 10.26, df = 3, p = 0.017). In contrast, one-way ANOVA
yielded a borderline non-significant result (F = 2.61, p = 0.052), highlighting the importance
of applying a distribution-appropriate nonparametric approach given the data’s skewness.
Consistent with these omnibus analyses, the distribution of participants across follicle-yield
categories (<5, 6-10, 11-15, 16-20, and >21 follicles) also differed significantly according
to BMI classification (x? = 21.46, df = 12, p = 0.044), as illustrated in Figure 6b. However,
neither Pearson correlation (r = 0.030, p = 0.627) nor Spearman rank correlation (¢ = 0.076,
p = 0.222) demonstrated a significant linear or monotonic association between continuous
BMI values and follicle count. In a complementary stratified analysis by age category,
women aged < 35 years (n = 143) retrieved a significantly higher number of follicles (mean
13.7 £ 8.3; median 12) than those aged > 36 years (n = 116; mean 7.4 £ 6.2; median 6). The
Mann-Whitney U test confirmed this difference (U = 12,298; p < 0.001), with a large effect
size (Cohen’s d = 0.844). This pattern is illustrated in Figure 6b.

3.5. Follicle Count by ART Indication

Follicular yield varied markedly and significantly across ART indication groups
(Kruskal-Wallis H = 29.01, p < 0.001), as shown in Figure 7a. Donor oocyte aspiration
cycles exhibited the highest mean follicle count (14.8 £ 6.9; median 16), consistent with the
younger age profile and the higher stimulation targets inherent to donor protocols. Primary
infertility cycles yielded a mean of 9.5 £ 7.7 follicles (median 8), secondary infertility
cycles 8.6 & 5.4 follicles (median 7), whereas oocyte vitrification cycles showed a mean of
10.3 £ 9.6 follicles (median 7). The observed gradient in follicular yield across indication
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groups is biologically and clinically plausible. Donor cycles typically involve younger
women with preserved ovarian reserve. They are designed to maximize oocyte retrieval,
whereas vitrification cycles often reflect individualized fertility-preservation decisions
among women with heterogeneous ovarian reserve profiles and age-related constraints.
These indication-dependent differences reinforce the importance of controlling for clinical
indication in all analytical models, as it serves as a composite proxy variable that integrates
age, ovarian reserve status, and stimulation objectives. The distribution of morphological
follicular quality also differed significantly across ART indication groups (x* = 88.52, df = 6,
p < 0.001; Figure 7b), driven primarily by the uniformly high-quality classification observed
in donor oocyte cycles. This pattern reflects the selection of healthy, predominantly young
donors with optimal ovarian profiles.

(a) Follicle count by BMI category (b) Follicle count by age group
(Kruskal-Wallis H = 10.25, p = 0.017) (Mann-Whitney U = 12298, p < 0.001 ***)
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Figure 6. Follicle count according to BMI category and age group (n = 259). Boxplots show the median,
interquartile range (IQR), 1.5 x IQR whiskers, and overlaid individual data points: (a) Follicle count
according to BMI category. (b) Follicle count according to age group (<35 vs. >36 years).

3.6. Morphological Follicular Quality

The morphological quality of the retrieved follicular complex was classified as high,
medium, or low in all 259 participants. High-quality morphology was the most prevalent
category, observed in 53.3% of cases (n = 138), followed by medium quality in 32.0%
(n = 83) and low quality in 14.7% (n = 38). The distribution of follicular-quality grades
across BMI categories did not differ significantly (x2=10.67, df = 6, p = 0.099), suggesting
that the overall morphological classification of follicles at retrieval was not substantially
influenced by BMI category within the range observed in this cohort (Figure 8b). This
apparent dissociation between BMI and morphology-based follicular quality is biologically
plausible. Whereas quantitative follicular yield, which reflects earlier processes of follicular
recruitment and growth, showed a significant association with BMI category (p = 0.017),
morphology-based quality assessments at later developmental stages may lack sufficient
sensitivity to detect more subtle metabolic alterations in the follicular microenvironment
associated with increased adiposity. Important determinants of ovarian response, including
gonadotropin dose, stimulation duration, baseline anti-Miillerian hormone levels, antral
follicle count, and specific controlled ovarian stimulation protocols, were not available in
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the dataset and therefore could not be incorporated into the adjusted analyses of lipotoxicity
or oxidative stress in the follicular fluid.

(a) Follicle count by ART indication (b) Follicular quality distribution by ART indication
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Figure 7. Follicle count and follicular-quality distribution according to ART indication (n = 259):
(a) Boxplots of retrieved follicle counts stratified by ART clinical indication, with overlaid individual
data points (Kruskal-Wallis H=29.01, df = 3, p < 0.001). (b) Proportional distribution of morphological
follicular quality (high, medium, low) within each ART indication group, presented as grouped bar
charts. Percentages were calculated within each indication category (x% = 88.52, df = 6, p < 0.001).
ART, assisted reproductive technology; M, mean; Md, median.

3.7. Multivariable Negative Binomial Regression

To identify independent predictors of follicular yield while accounting for the overdis-
persion inherent to count data, a multivariable negative binomial regression model was fit-
ted, including BMI (continuous), age, and ART indication as covariates (Figure 9). Overdis-
persion was confirmed by the estimated dispersion parameter (alpha = 0.400; 95% CI:
0.311-0.488), supporting the use of negative binomial regression over a Poisson model. In
the adjusted model, age was the only statistically significant independent predictor of follic-
ular yield (Incidence Rate Ratio [IRR] = 0.941 per additional year of age; 95% CI: 0.920-0.963;
p < 0.001), indicating that each additional year of age was associated with a 5.9% reduction
in the expected follicle count after adjustment for BMI and clinical indication. In contrast,
BMI did not independently predict follicular yield when age and indication were consid-
ered in the model (IRR = 1.010 per kg/m?; 95% CI: 0.983-1.036; p = 0.488). None of the ART
indication contrasts relative to the reference category, donor oocyte aspiration, remained
statistically significant after adjustment, suggesting that the differences in follicular yield
observed across indication groups in unadjusted analyses were largely mediated by age
differences between groups. Overall, model fit was acceptable (AIC = 1702.7; BIC = 1727.6).
Model diagnostics supported the adequacy of the negative binomial specification. The
dispersion parameter confidence interval excluded zero, confirming overdispersion. A
likelihood ratio test against the equivalent Poisson model (LR = 507.0; p < 0.001) favored
the negative binomial fit, and residual examination did not reveal influential observations
affecting the parameter estimates. These findings indicate that chronological age and
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its influence on ovarian reserve are the dominant determinants of follicular response to
controlled ovarian stimulation in this cohort. In contrast, the contribution of BMI, although
statistically significant at the categorical level, did not remain an independent effect after
adjustment for age (Table 2).

(a) BMI vs follicle count (b) Follicular quality by BMI category
Spearman p = 0.076, p=0.222 (x> p=0.099)
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Figure 8. Relationship between BMI and follicular outcomes: scatterplot and morphological-quality
distribution (n = 259): (a) Scatterplot of BMI (kg/m?) versus retrieved follicle count. Data points
are color-coded according to BMI category: underweight (blue), normal weight (green), overweight
(orange), and obesity (red). The dashed line represents the ordinary least-squares linear regression fit.
(b) Proportional distribution of morphological follicular quality (high, medium, and low) across BMI
categories, presented as 100% stacked bar charts. Percentage values are displayed within segments
when >8%.
Table 2. Unadjusted (univariable) and adjusted (multivariable) negative binomial regression models
for the number of retrieved follicles (n = 259). Unadjusted models include each predictor separately;
the adjusted model includes BMI, age, and ART indication simultaneously. IRR, incidence rate ratio;
CI, confidence interval; AIC, Akaike information criterion; BIC, Bayesian information criterion.
Predictor Unadjusted IRR Adjusted IRR
(95% CI) P (95% CI) P
BMI (per kg/mz) 1.007 (0.978-1.037) 0.643 1.010 (0.983-1.037) 0.488
Age (per year) 0.952 (0.939-0.966) <0.001 0.941 (0.920-0.962) <0.001
ART indication (ref: donor oocyte aspiration)
Primary infertility 0.645 (0.515-0.808) <0.001 1.202 (0.882-1.636) 0.244
Oocyte vitrification 0.699 (0.535-0.914) 0.009 1.006 (0.750-1.349) 0.969
Secondary infertility 0.580 (0.412-0.817) 0.002 1.351 (0.864-2.115) 0.187
Dispersion parameter (x) — — 0.400 (0.311-0.488) —
AIC/BIC (adjusted model) — — 1702.7/1727.6 —

3.8. Sensitivity Analysis Excluding Donor Oocyte Cycles

To address the structural heterogeneity introduced by donor cycles, the multivariable
negative binomial regression was refitted in a restricted cohort comprising only women
undergoing treatment for primary infertility, secondary infertility, or oocyte vitrification
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(n =196). In this sensitivity analysis, BMI remained non-significant as an independent
predictor of follicle count (IRR = 1.004; 95% CI: 0.971-1.038; p = 0.823). Age retained its
strong independent association, with each additional year of age associated with a 7.0%
reduction in the expected follicle count (IRR = 0.930; 95% CI: 0.906-0.954; p < 0.001). Neither
oocyte vitrification (IRR = 0.803; 95% CI: 0.618-1.045; p = 0.103) nor secondary infertility
(IRR = 1.184; 95% CI: 0.838-1.672; p = 0.337) differed significantly from primary infertility
after adjustment. The dispersion parameter (x = 0.481; 95% CI: 0.362-0.600) confirmed the
appropriateness of the negative binomial specification in the restricted cohort (AIC = 1260.6;
BIC =1280.2). These results align with the primary analysis and support the robustness of
the conclusion that age, rather than BM], is the principal determinant of follicular response
in this population.

Follicles retrieved
6-10

11-15
16-20
221

Underweight Normal weight Overweight Obesity

(n=7)

(n =123) (n=112) (n=17)

Figure 9. Proportional distribution of follicular-yield categories according to BMI classification
(n =259). Each bar represents the percentage of participants within a given BMI category distributed
across predefined follicular-yield intervals: <5, 6-10, 11-15, 16-20, and >21 follicles, color-coded
from darkest (<5) to brightest (>21). Percentage values are displayed within segments when >7%.

4. Discussion

The central finding of this study is the discordance between unadjusted and adjusted
analyses of BMI and follicular yield. Although the BMI category was significantly associ-
ated with follicular-yield distribution at the group level (Kruskal-Wallis p = 0.017), this
association did not remain significant after adjustment for age and clinical indication in
the negative binomial regression model. This pattern underscores a distinction that is
often underappreciated in observational ART research: crude associations between an-
thropometric exposures and reproductive outcomes may reflect confounding by age and
indication-related selection rather than independent biological effects of adiposity [28,55].

The cohort analyzed in this study was structurally heterogeneous by design, en-
compassing primary infertility, secondary infertility, donor oocyte aspiration, and oocyte
vitrification cycles. Although this composition reflects the patient population typically
encountered in a tertiary fertility center, it also introduces an important age-related con-
founding structure. Women undergoing donor cycles were substantially younger and
consistently exhibited the highest follicular yields, whereas infertility-treatment groups
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were older and showed lower ovarian response. Consequently, unadjusted comparisons of
follicular outcomes across BMI categories inevitably capture age-related biological effects in
addition to BMI-related differences. This confounding structure underscores the importance
of the multivariable regression model for disentangling the independent contributions of
age, BMI, and clinical indication to follicular response [55]. To further evaluate the potential
influence of donor cycles, a prespecified sensitivity analysis restricted to non-donor cycles
(n =196) was performed. The findings remained unchanged, confirming both the absence
of an independent BMI effect (IRR = 1.004; p = 0.823) and the persistent dominant role of
age (IRR =0.930; p < 0.001) after exclusion of the donor subgroup (Section 3.8). These results
strengthen the robustness of the primary findings and indicate that the main conclusions
were not driven by the inclusion of donor cycles.

The distribution of BMI in this cohort was centered around the threshold be-
tween normal weight and overweight, with nearly half of the participants presenting
BMI > 25 kg/m?. This pattern is consistent with national and international epidemiolog-
ical trends showing increasing rates of excess adiposity among women of reproductive
age [50]. Although the BMI category was associated with the distribution of follicular yield
at the group level, no significant linear or monotonic relationship was observed between
continuous BMI values and follicle count. Moreover, the adjusted regression model demon-
strated that BMI did not independently predict follicular yield after controlling for age and
clinical indication. The principal finding of this study is the absence of an independent
association between BMI and follicular yield once age and clinical indication are accounted
for. Within the BMI range observed in this cohort (18.5-34.0 kg/m?, predominantly normal
weight to mildly overweight), the data do not support an independent role for adiposity as
a determinant of follicular response. Whether non-linear effects, threshold effects at higher
BMI strata not represented in this sample, or interactions with unmeasured metabolic
covariates exist remains an open question for adequately powered prospective studies.
Notably, the statistically significant group-level difference was largely driven by the small
underweight subgroup, which exhibited unexpectedly high follicular yields despite its
limited sample size. Across the normal-weight, overweight, and obese strata, follicular
counts were relatively similar, supporting the absence of a consistent BMI gradient [4,56].

From a broader clinical perspective, the management of women undergoing assisted
reproductive technology (ART) must also address pregnancy-related complications in high-
risk patients, particularly when excess adiposity co-occurs with other thromboembolic risk
factors. Recent studies have examined the potential role of the soluble fibrin monomer
complex and D-dimer as complementary laboratory markers for assessing the risk of
venous thromboembolism prior to delivery in high-risk pregnancies. Although these
biomarkers were not evaluated in the present study, considering them could prove relevant
for future research and the multidisciplinary monitoring of high-risk pregnancies following
ART [57].

The absence of an independent BMI effect after adjustment is consistent with the
broader literature, which describes a complex and heterogeneous relationship between
BMI and ART outcomes [4]. Although overweight and obese women often require higher
gonadotropin doses [18], several observational studies have failed to detect reductions
in retrieved oocyte counts or ongoing pregnancy rates once age and ovarian reserve are
controlled for. A multicenter study of Chinese women with polycystic ovary syndrome
reported greater FSH requirements at higher BMI but no significant reduction in retrieved
oocytes [58], and retrospective European cohorts have shown that BMI-related effects on
intermediate stimulation parameters are typically attenuated or eliminated after adjust-
ment for age and ovarian reserve markers [59]. Our adjusted estimate (IRR = 1.010; 95%
CI: 0.983-1.037; p = 0.488), confirmed by the sensitivity analysis excluding donor cycles
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(IRR = 1.004; p = 0.823), is fully aligned with this pattern and does not provide statistical
support for an independent association between BMI and follicular yield within the BMI
range observed in this cohort.

A particularly relevant finding of this study was the magnitude and consistency of
the age effect across all analytical approaches. Women aged < 35 years retrieved nearly
twice as many follicles as those aged > 36 years, with a large effect size (Cohen’s d = 0.860).
Furthermore, the multivariable negative binomial model demonstrated that each additional
year of age was independently associated with a 5.9% reduction in expected follicle count
after adjustment for BMI and clinical indication. This observation is biologically coherent
with the progressive depletion of the ovarian follicular pool and declining granulosa-cell
responsiveness that occur during reproductive aging [10]. As women approach their late
thirties, both the quantity and functional competence of recruitable follicles decline substan-
tially, limiting responsiveness to exogenous gonadotropins regardless of BMI status. These
findings reinforce the importance of prioritizing age and validated ovarian reserve markers,
such as anti-Miillerian hormone and antral follicle count, as the primary framework for
individualized ovarian stimulation strategies, rather than relying disproportionately on
BMI-based stratification alone [36].

The absence of a significant association between BMI and morphological follicular
quality may reflect the limited discriminating power of broad grading systems applied retro-
spectively. Standardized assessments—such as oocyte maturity staging or cumulus-cell ex-
pansion scoring—might capture metabolic perturbations in the follicular microenvironment
that categorical morphology-based grading systems overlook [60]. Obesity-related mech-
anisms, including chronic low-grade inflammation, insulin resistance, altered adipokine
signaling, and lipotoxicity, have been proposed to impair granulosa-cell steroidogenesis
and disrupt follicular dynamics [17]. In parallel, studies have shown increased concentra-
tions of triglycerides, free fatty acids, and oxidative stress markers in the follicular fluid
of women with elevated adiposity, potentially compromising mitochondrial function and
oocyte competence [44].

Within this dataset, no statistical evidence of a differential effect of BMI on morpho-
logical grading was detected. The mechanistic pathways outlined above, derived from
external biochemical and cellular studies, are presented as contextual background and
were not directly tested in the present analysis. Whether subtle metabolic perturbations
remain undetected by broad morphology-based grading is a hypothesis that requires direct
evaluation in studies incorporating follicular fluid biochemistry, oocyte maturity staging,
or oxidative stress biomarkers.

Diet quality, evaluated using the DQI-I, was not significantly associated with follicular-
yield categories, mean follicle counts, or follicular-quality grades in this cohort. Several
explanations may account for this null finding. First, the DQI-I is a categorical instrument
that aggregates complex dietary patterns into broad summary scores and may therefore
lack the granularity required to detect nutrient-specific effects on folliculogenesis [4,56].
Second, the cohort’s dietary distribution was relatively concentrated in the healthy and
needs-change categories, limiting statistical power at the unhealthy extreme of the spectrum.
Third, and perhaps most importantly, the relationship between diet and ovarian response
may be mediated through long-term metabolic adaptations, including insulin sensitivity,
adipokine profiles, and systemic inflammation—rather than through categorical dietary
patterns captured at a single time point. These findings therefore suggest that BMI-related
metabolic status may be a more proximal mediator of alterations in ovarian response than
diet-quality classifications alone [56].

A significant limitation of this study is the lack of information on key predictors of
ovarian response, including baseline anti-Miillerian hormone (AMH) levels, antral fol-
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licle count, gonadotropin dose, ovarian stimulation protocol, and stimulation duration.
Since these variables were not consistently available in the retrospective clinical records,
they could not be included in the adjusted analyses. Likewise, endocrine and metabolic
comorbidities were not systematically recorded, preventing their evaluation as potential
confounders. Consequently, residual confounding cannot be ruled out, and the observed
association between body mass index (BMI) and follicular response should be interpreted
with caution. Another limitation was that the morphological quality of the retrieved follicu-
lar complex was based on routine embryological assessment performed at the study center
rather than on a standardized or externally validated grading system, which may have
introduced some degree of outcome misclassification. Future prospective studies incorpo-
rating standardized ovarian reserve markers, metabolic profiling, validated embryological
assessments, and clinically relevant reproductive outcomes are warranted to better define
the independent contribution of BMI to ovarian function and ART performance.

Several methodological strengths and limitations of this study should be considered.
The use of an anonymized institutional dataset derived from real-world clinical practice
provides ecological validity and reduces recall bias. The application of a multivariable
negative binomial regression model, supported by confirmed overdispersion, represents
a statistically robust approach for modeling follicular-count outcomes and constitutes an
important methodological strength of the study. In addition, the consistent use of non-
parametric analyses was justified by the confirmed non-normality of the follicular-count
data and contributed to appropriate statistical inference. Nevertheless, the cross-sectional
retrospective design precludes causal inference and introduces the possibility of resid-
ual confounding by unmeasured variables. Important determinants of ovarian response,
including gonadotropin dose, stimulation duration, baseline anti-Miillerian hormone lev-
els, antral follicle count, and specific controlled ovarian stimulation protocols, were not
available in the dataset and therefore could not be incorporated into the adjusted analyses.

Future prospective multicenter studies incorporating standardized ovarian-reserve
markers, metabolic profiling, stimulation characteristics, and competence-related reproduc-
tive outcomes, including oocyte maturity, fertilization rates, embryo development, and live
birth outcomes, will be essential to better characterize the relationship between adiposity
and ovarian function in Latin American ART populations.

5. Conclusions

Within the BMI range observed in this cohort, BMI showed no independent association
with follicle count after adjustment, whereas age remained the primary determinant of
follicular response. A sensitivity analysis excluding donor cycles confirmed this pattern.
These findings should not be extrapolated to higher BMI strata not represented in this
sample. Given the lack of data on key predictors of ovarian response, such as anti-Miillerian
hormone, antral follicle count, gonadotropin dose, stimulation protocol, and stimulation
duration, residual confounding cannot be ruled out.
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