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Background & aim: Infertility presents a formidable challenge to global public
health, with polycystic ovary syndrome (PCOS) emerging as a prominent
contributor. PCOS is associated with persistent health complications, such as
metabolic syndrome, type 2 diabetes, and cardiovascular diseases. Elevated body
weight and central adiposity exacerbate the likelihood of anovulation and
infertility in women. This study examined the relationship between
anthropometric measurements and lipid profiles among infertile women with
PCOS.

Methods: This cross-sectional study was conducted at an infertility treatment
center in Mashhad, Iran, between May 2023 and January 2024. The study enrolled
280 married women aged 18-45 years who met inclusion criteria, specifically
those diagnosed with both PCOS and infertility. Participants were selected through
consecutive sampling and their anthropometric measurements were assessed by
trained personnel. Participants' lipid profile, were assessed following a 14-hour
fasting period. Statistical analysis was performed with SPSS using Pearson
correlation and ANOVA tests.

Results: A significant positive correlation was found between normal Body Mass
Index and triglyceride levels (P=0.030). Likewise, individuals with a BMI exceeding
30 displayed a positive correlation with elevated TG levels (P=0.035). Furthermore, a
statistically significant positive correlation was observed between Waist-to-Height
Ratio (WHtR) values exceeding 0.57 and elevated TG levels (P=0.003).

Conclusion: PCOS women, characterized by diverse features, exhibited distinct
lipid profiles. The intricate relationship observed between lipid metabolism and
various PCOS traits may shed light on the heightened susceptibility to long-term
complications associated with elevated lipid levels. Regular monitoring of blood
lipids and management of central obesity are imperative for women with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is one of
the most common endocrine and metabolic
disorders affecting women of reproductive age .
A prevalent contributor to infertility is polycystic
ovary syndrome (PCOS) (1). Affecting around
13% of reproductive-age women, PCOS is
defined by an excess of androgens, menstrual

irregularities, and change in the morphology of
ovaries (2). Notably, PCOS is linked to enduring
health issues, including an elevated risk of
metabolic syndrome, type-2 diabetes,
cardiovascular disease, endometrial carcinoma,
and obesity (3).
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Various theories surround the
etiopathogenesis of PCOS, underscoring the
influence of the endocrine environment on
affected women. High levels of androgens are key
contributors to central obesity, displaying a
masculinized fat distribution commonly seen in
PCOS. This excess weight and centralized fat
accumulation increase the likelihood of
anovulation and infertility among affected
women (4). Notably, body composition, rather
than body weight alone, emerges as a critical
factor influencing the origins of obesity as well
as its concomitant metabolic and hormonal
disorders (3, 5).

Recent investigations emphasize the early
emergence of anomalous cardiovascular risk
profiles in individuals with PCOS. Women with
PCOS frequently display irregularities in lipid
metabolism, hypertension, and obesity, along
with signs indicative of systemic inflammatory
responses. The heightened prevalence of these
risk factors aligns the symptoms of many PCOS-
afflicted women with those characteristic of
metabolic syndrome, a well-recognized risk
factor for cardiovascular disorders (6). Notably,
There is a clear connection between adiposity
and the severity of PCOS symptoms, with a
common android-type fat distribution associated
with metabolic issues in those affected (7). In
addition to cardiovascular risks, lipid disorders
are implicated in infertility, as suggested by
certain studies reporting reduced fertility
potential among couples exhibiting abnormal
lipids, evident in the fecundability Odds ratio
(FOR) and elevated total cholesterol levels (8-9).

Anthropometry serves as a widely employed
research tool for evaluating non-communicable
disease risk factors within populations due to its
costeffectiveness and ease of community-level
monitoring. Notably, these anthropometric
parameters exhibit variability among different
populations and lack uniformity. In specific
populations, they demonstrate a heightened
predictive value in the assessment of non-
communicable disease risk factors, including
diabetes, hypertension, and dyslipidemia (10).
Numerous studies have illustrated diverse
patterns of abnormal lipid profiles in women
with PCOS, with variations noted across
different populations (3, 11-12). Limited
research has explored the relationship between
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lipid profiles and anthropometric indices in
women with PCOS. This study investigated the
potential correlation between anthropometric
indices and lipid profiles in infertile women with
PCOS.

Materials and Methods

This cross-sectional study was conducted at
one of the Infertility Treatment Center , Mashhad,
Iran, between May 2023 and January 2024. The
study included married women aged 18-45 who
met  inclusion criteria, namely  those
experiencing both polycystic ovary syndrome
(PCOS) and infertility. PCOS diagnosis was
confirmed by gynecologists by Rotterdam
criteria. .The Rotterdam guidelines define PCOS
as a heterogeneous disorder diagnosed by the
presence of any two of three key characteristics:
ovulatory dysfunction, evidence of
hyperandrogenism, and polycystic ovarian
morphology on ultrasonography, indicated by an
increased follicle count (212 follicles of 2-9 mm)
and/or enlarged ovarian volume (>10 mL) in at
least one ovary (13).

Exclusion criteria encompassed participants
with  hypothyroidism, diabetes, congenital
adrenal hyperplasia, hyperprolactinemia, and
Cushing syndrome. total of 280 participants were
enrolled in the study using consecutive sampling.

The present cross sectional study was
conducted as a secondary analysis of the
baseline data collected from infertile women with
PCOS in a large clinical trial Consequently, the
sample size was determined by the recruitment
targets established in the original trial protocol,
which were designed to ensure sufficient
statistical power for the primary clinical
outcomes. So it  provides sufficient
representation of the target population of
women with PCOS. All eligible women with
complete baseline data who attended the
infertility clinic during the study period were
consecutively recruited and included in the
analysis.

The anthropometric indices assessed in this
study included body weight, height, body mass
index (BMI), waist circumference (WC), and
waist-to-height ratio (WHtR).

Weight Measurement: Participants’ weight
was measured using a digital scale with minimal
clothing and bare feet while standing upright,

J Midwifery ReProd Health. 2026; 14(3):5600-5609.



Relationship between Anthropometric Indices and Lipid

Profile JMRH

Mashhadi F et al.

with the head in a neutral position and eyes
facing forward.

Height Measurement: Height was measured
without shoes wusing a stadiometer, with
participants standing erect, heels against the
wall, head straight, and eyes facing forward.

Waist Circumference Measurement: Waist
circumference was measured in the standing
position using a non-elastic tape measure at the
narrowest point between the lower costal
margin and the iliac crest. Measurements were
obtained while participants wore light clothing. If
clothing interfered with accurate measurement,
participants were asked to remove the outer
layer (14-15).

Body Mass Index: BMI was calculated as
weight in kilograms divided by the square of
height in meters (kg/m?).(14)

Waist-to-Height Ratio: WHtR was calculated
by dividing waist circumference (cm) by height
(cm) (16).

All  anthropometric measurements were
performed by trained personnel using
standardized  protocols. @ The  measuring
instruments were calibrated regularly to ensure
the accuracy and reliability of the measurements.

Biochemical parameters of the participants'
lipid profile, including triglycerides, total
cholesterol, LDL-C, and HDL-C, were assessed

following a 14-hour fasting period. Venous
sampling involved using a 5 ml syringe to extract
5 ml of blood from the brachial region.
Measurements were made in the central
laboratory using standard enzymatic methods
and commercially available validated assay kits
according to the manufacturer's instructions.
Internal quality control procedures were
routinely performed, and all analyses were
conducted by trained laboratory personnel to
ensure the accuracy and reliability of
measurements.

Statistical analysis was performed using SPSS
software version 28. Normality of data was
assessed using the Shapiro-Wilk test, and
homogeneity of variances was evaluated using
Levene’s test. Pearson correlation coefficient
was used to examine relationships between
continuous variables. One-way ANOVA was
applied to compare mean differences across
groups. Statistical significance was defined as p <
0.05.

Results

A total of 280 patients participated in this
study. The participants had a mean age of 27.83
+5.55, and their mean BMI was 27 + 4.94 kg/m?.
Detailed anthropometric indices and lipid profile
findings are presented in Table 1.

Table 1. Descriptive statistics of anthropometric indices and lipid profiles in the total study population

Variables MeantSD Minimum Maximum
Age(years) 27.83+5.55 17 45
BMI (kg/m:) 27.00+£4.94 15.60 41.50
Weight (kg) 70.50+13.60 39.4 115.9
Height (cm) 161.64+5.58 147 182
WC (cm) 86.10+10.35 63 111
TC (mg/dl) 167.55+33.55 31 268
TG (mg/dl) 126.43+70.27 38 418
HDL (mg/dl) 43.51+10.34 12.0 72.0
LDL (mg/dl) 97.86+24.49 22.0 166.0
HC 102.45+8.39 84 123
WHIPR 0.79+0.06 0.24 0.67
WHtR 0.53+0.07 0.31 0.39

BMI = Body Mass Index, WC= Waist Circumference, TC = Total Cholesterol, TG = Triglycerides,
HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein, HC= Hip Circumference,
WHIPR= Waist-Hip Ratio, Whtr= Waist To Height Ratio

As outlined in Table 2, a positive correlation
was evident between age and cholesterol (P <
0.001), age and triglycerides (TG) (P=0.032), as
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well as age and low-density lipoprotein (LDL) (P
=0.012). Similarly, a positive and statistically
significant correlation was identified between
Body Mass Index (BMI) and triglycerides (TG)
(P< 0.001), and between BMI and LDL
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(P=0.007). Additionally, positive and significant
correlations were observed between Waist
Circumference (WC) and triglycerides (TG)

(P=0.002), as well as between Waist-Height
Ratio (WHtR) and triglycerides (TG) (P=0.001).

Table 2. Correlations between anthropometric indices and lipid profiles

Variables TC TG HDL LDL
Age
Pearson Correlation 318 .194 -0.024 234
Sig. (2-tailed) 0.000 0.032 0.802 0.012
BMI
Pearson Correlation 0.051 .387 -0.197 .289
Sig. (2-tailed) 0.632 0.000 0.068 0.007
Weight
Pearson Correlation 0.024 .292 -0.184 224
Sig. (2-tailed) 0.818 0.004 0.086 0.036
Height
Pearson Correlation -0.077 -0.133 -0.051 -0.113
Sig. (2-tailed) 0.464 0.200 0.637 0.293
HC
Pearson Correlation -0.242 0.359 -.099 0.19
Sig. (2-tailed) 0.334 0.143 0.724 0.497
wC
Pearson Correlation 0.196 .358 -0.212 0.193
Sig. (2-tailed) 0.090 0.002 0.073 0.105
WHtR
Pearson Correlation 247 359 -0.177 0.208
Sig. (2-tailed) 0.031 0.001 0.138 0.080
WHIPR
Pearson Correlation 0.253 0.401 -0.428 0.443
Sig. (2-tailed) 0.311 0.099 0.111 0.098

BMI = Body Mass Index, HC= Hip Circumference, WC= Waist Circumference,

WHtR= Waist To Height Ratio, WHIPR= Waist-Hip Ratio

Among all participants, 114 people (40.71%)
exhibited normal weight, 96 persons (34.28%)
were classified as overweight, and 70 subjects
(25%) fell into the obese category. According to
Table 3, in women with PCOS, cholesterol and
HDL levels did not vary significantly across
different body mass index (BMI) categories (P =
322 and P = .485, respectively). However,
triglyceride and LDL levels showed significant
differences among the BMI categories (P = .016
and P =.010, respectively).

Among women with PCOS, 95 subjects
(33.92%) were below 25 years old, 91 person
(32.5%) fell within the age range of 26 to 30
years, and 94 (33.57%) were over 31 years old.
In women with PCOS, mean cholesterol and LDL
levels varied significantly across different age
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groups (p < .001 and P = .030, respectively). In
contrast, triglyceride and HDL levels did not show
significant differences between age groups (P =
440 and P = .938, respectively).

Based on the data presented in Table 5, it was
determined that within the group of women
with PCOS, 157 people (56.07%) had Waist-
Height Ratio (WHtR) values below 0.05, while 60
persons ( 21.42%) fell within the range of 0.51
to 0.56, and 63 persons (22.5%) had WHtR
values exceeding 0.57. In women with PCOS,
mean cholesterol and LDL levels did not differ
significantly across varying waist-to-height ratio
(WHtR) levels (P = .062 and P = .098,
respectively). However, significant differences
were observed in mean triglyceride and HDL
levels across different WHtR levels (P = .028 and
P =.038, respectively).
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Table 3. Mean Comparison of Lipid Profiles Across Various Weight Categories in Women with PCOS

Lipid profile Normal <25 Over weight : 25-30 Obese 2 30 *Pp
Chol 162.83 +31.54 164.45 +24.20 175.95 + 43.76 0.322
TG 106.43 +51.79 118.49 +61.48 159.05 + 84.35 0.016
HDL 46.02 +9.08 42.97 +10.58 4453 +13.17 0.485
LDL 93.04 + 20.88 92.40 + 24.43 111.82 +23.58 0.010

BMI = Body Mass Index, TC = Total Cholesterol, TG = Triglycerides, HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein,

*: ANOVA

Table 4. Mean comparison of lipid profiles across different age groups in women with PCOS

Lipid profile <25 26-30 =31 *p
Chol 154.39 + 19.03 163.39 + 37.63 182.88 + 333.72 <0.001
TG 117.49 + 84.79 124.93 + 63.95 137.80 + 62.49 0.440
HDL 43.99 + 80.74 43.15 +12.25 43.38+9.91 0.938
LDL 89.57 +17.42 98.97 + 25.01 104.47 + 28.08 0.030

BMI = Body Mass Index, TC = Total Cholesterol, TG = Triglycerides, HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein,

*: ANOVA

Table 5. Mean comparison of lipid profiles across different categories of WHtR in women with PCOS

Lipid profile <0.5 0.51-0.56 257 *P
Chol 158.27 £ 23.05 163.39 £ 25.97 175.19 £ 29.17 0.062
TG 92.50 + 35.89 136.48 £ 71.31 131.19 £ 73.75 0.028
HDL 48.49 £ 10.52 40.48 £9.53 4472 +11.31 0.038
LDL 90.18 +17.23 93.17 + 26.10 104.04 + 25.51 0.098
BMI = Body Mass Index, TC = Total Cholesterol, TG = Triglycerides, HDL = High-Density Lipoprotein, LDL = Low-Density Lipoprotein,
*: ANOVA

. . metabolic parameters and lipid profiles. Their
Discussion

This study revealed significant associations
between lipid profiles and various
anthropometric measures in women with PCOS.
We found positive correlations between age and
levels of cholestero], triglycerides, and LDL,
suggesting that older age is linked to higher lipid
levels. Similarly, BMI showed strong positive
correlations with triglycerides and LDL. Waist
circumference (WC) and waist-to-height ratio
(WHtR) were also positively correlated with
triglycerides. Although cholesterol and HDL levels
did not vary significantly across different BMI
and age groups, triglycerides and LDL levels
demonstrated notable differences. These findings
highlight the influence of age, BMI, WC, and
WHtR on lipid profiles, underscoring the need to
consider these factors in the management of
lipid abnormalities in PCOS.

Similar to our study, Sanchez et al(2021)
investigated the impact of women’s age on

J Midwifery ReProd Health. 2026; 14(1):5174-5180.

findings showed that age was associated with
higher total cholesterol and LDL-c, irrespective of
body composition and whether the women had
PCOS. They also examined how PCOS influenced
the relationship between aging and metabolic
disorders (3). The meta-analysis and systematic
review of metabolic syndrome and ifts
components in women with PCOS also
highlighted several studies that supported the
idea that the condition is associated with age
(17). The high prevalence of metabolic syndrome
in women under the age of thirty is concerning.
The review also emphasizes the role of
abdominal obesity in this population (18).

Dyslipidemia assumes a crucial role to the
development of polycystic ovary syndrome
(PCOS), marked by lipid irregularities such as
elevated low-density lipoprotein and triglyceride
levels, coupled with diminished high-density
lipoprotein levels (19).
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The prevalence of dyslipidemia in PCOS is
substantial, encompassing diverse types and
degrees of lipid abnormalities, affecting
approximately 70% of PCOS patients, as
recommended by the National Cholesterol
Education Program (19-20). Ethnicity emerges
as a noteworthy factor, introducing genetic and
behavioral influences contributing to the
presence of dyslipidemia, as evidenced by
variations observed among patients with the
classic PCOS phenotype from different regions
(20).

The multifactorial origins of dyslipidemia in
PCOS involve insulin resistance playing a pivotal
role. This insulin resistance is partially driven by
the activation of lipolysis and changes in the
expression of lipoprotein lipase and hepatic
lipase (20).

The intricate interplay of hyperandrogenism
and lipid metabolism in PCOS remains to be
precisely defined, though clinical observations
underscore the link between insulin resistance
and dyslipidemia in women with PCOS (20-22).

Obesity, particularly the central distribution of
adipose tissue, emerges as a contributing factor
to dyslipidemia in PCOS. The increased waistto-
hip ratio and waist-to-height ratio, commonly
used as proxies for central obesity, have gained
attention as markers of early health risk. The
boundary value of waistto-height ratio,
suggesting risk assessment, has been globally
acknowledged, with findings supporting its
efficacy in identifying health risks (20, 23-26).

Android obesity, characterized by an
increased waistto-hip ratio, is a significant risk
factor for insulin resistance and other conditions
that increase the likelihood of early
cardiovascular disease. The study by Sumarac et
al confirmed the considerable effect of android
obesity on insulin resistance in both women with
PCOS and the control group, highlighting the
heightened vulnerability of PCOS women to
increased waistto-hip ratio concerning insulin
resistance development (27).

The elevated waist-to-hip ratio in PCOS
women proves more sensitive to dyslipidemia,
attributable to centrally located adipocytes
exerting detrimental effects on blood lipids.
Additionally, adipose tissue in central
distribution secretes adipokines, contributing to
inflammation in PCOS. The prevalence of
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circulating free fatty acids, particularly common
in obese PCOS patients, further underscores the
intricate relationship between dyslipidemia and
obesity in PCOS, exacerbating endocrine,
metabolic, and reproductive disturbances,
including infertility (19, 28).

Our study identified a significant association
between elevated triglycerides and the
occurrence of ectopic fat obesity, aligning with
previous research findings (29-32).

Both excess weight and the central
accumulation of fat were associated with a
higher risk of anovulation and infertility in PCOS
women (3). Body composition, rather than just
body weight, is linked to the origins of obesity, as
well as to metabolic and hormonal disorders (5,
33).

In prior investigations, researchers have
demonstrated that triglycerides (TG) serve as a
primary form for storing and transporting fatty
acids within cells and the plasma (29). Bril F and
colleagues recently established a connection
between friglycerides and ectopic fat,
highlighting the interactive roles of BMI in the
association between TG and ectopic fat obesity
(29, 34, 35).

The intricate interplay between
anthropometric measures and lipid parameters
is evident across various studies, with the waist
to-height ratio showing the most significant
correlation with cholesterol among PCOS
patients (11, 36). Some researchers have delved
into anthropometric measurements, discovering
the presence of android obesity concerning BMI
and waistto-hip ratio (37-38). Nevertheless, the
full understanding of the potential interactions
between endocrine disorders, metabolic
abnormalities, and lipid profiles in women with
PCOS remains an underexplored area. Further
exploration of  the independent  and
interconnected effects of obesity on circulating
lipid profiles is imperative for unraveling the
underlying mechanisms in PCOS (39).

Central obesity plays a pivotal role in the
development and perpetuation of polycystic
ovary syndrome (PCOS), influencing the extent
of cardiovascular and metabolic risk profiles.
Elevated fasting insulin levels accompany central
obesity, with its prevalence being influenced by
ethnic origin or cultural habits, particularly in
PCOS women of South Asian descent (23).
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Infertile women with PCOS represent a subgroup
exhibiting more pronounced manifestations of
the syndrome (18, 40).

Our research underscores dyslipidemia
profiles marked due to increased triglyceride
levels in women with PCOS and higher BMI. The
growing trend in triglyceride levels with BMI
suggests obesity-induced alterations in fatty acid
metabolism, leading to ectopic fat obesity.
Hypertrophic adipocytes in obesity release
higher levels of free fatty acids into the
bloodstream, promoting FFA uptake and lipid
production in the live (41-42). This surge of FFAs
to the liver culminates in hepatic triglyceride
accumulation, coupled with macrophage
infiloration and a shift to a pro-inflammatory
phenotype, contributing to hypertriglyceridemia
(39, 43-44).

The association between dyslipidemia and
central fat in obese PCOS patients underscores
the adverse effects of adipocyte location on
plasma lipids. Intra-abdominal visceral fat
accumulation is implicated in lipid metabolism
disorders, further linking to insulin resistance
(45). Moreover, obese PCOS patients exhibit a
significantly lower suppression of FFAs than
healthy controls, indicating increased recycling
fatty acid lipolysis (46). Heightened lipolysis in
turn compromises insulin action in adipose
tissue. High expression of nicotinamide adenine
nucleotide phosphate oxidase, stimulated by
FFAs, and subsequent reactive oxygen species
generation may promote insulin resistance in
obese women with PCOS (19).

Our findings align with prior research
indicating that imbalances in glucose and insulin
homeostasis in young PCOS patients are
influenced by BMI, reinforcing the connection
between insulin resistance and obesity.
Enhanced lipolysis in obese PCOS patients,
coupled with increased nicotinamide adenine
nucleotide phosphate oxidase expression,
contributes to insulin resistance, shedding light
on the intricate interactions influencing lipid
profiles in PCOS. Different forms of dyslipidemia
in PCOS are ascribed to the influence of
hyperandrogenism, insulin resistance, and
lifestyle factors commonly observed in these
individuals. Discrepancies in dyslipidemia among
PCOS women of diverse ethnic and geographical
backgrounds are likely shaped by genetic and

J Midwifery ReProd Health. 2026; 14(3):5600-5609.

environmental factors, encompassing diet and
activity levels (7, 48).

The meta-analysis and systematic review of
metabolic syndrome in PCOS women underscore
the correlation between the condition and age,
with a noteworthy the occurrence of metabolic
syndrome in women under the age of thirty.
Abdominal obesity emerges as a significant
component of metabolic syndrome in PCOS
women (46,39). The diverse types of
dyslipidemia observed in PCOS women are
attributed to the interplay of hyperandrogenism,
insulin resistance, and lifestyle factors, with
variations across ethnic and geographical
backgrounds likely influenced by genetic and
environmental factors, including diet and activity
level (9, 47-48).

This study has some strengths and
limitations. It represents the pioneering analysis
of anthropometric indices and lipid profiles in
infertile PCOS patients. Notably, it boasts a
substantial and appropriate sample size.
Further, a multidisciplinary team comprising
nutritionists, gynecologists, and radiologists
collaborated in this research, ensuring
comprehensive and reliable results.

One limitation of this study was the absence
of Very Low-Density Lipoprotein (VLDL) data in
the laboratory findings. Incorporating VLDL
measurements in future research endeavors
would enhance the comprehensiveness of the
investigation. Furthermore, employing study
designs with greater strength, such as
Randomized Controlled Trials (RCTs) and
cohort studies, rather than relying solely on
cross-sectional approaches, would bolster the
robustness of the investigation.

Conclusion

Women with PCOS, displaying diverse
characteristics, exhibited distinct lipid profiles.
The observed relationship between
anthropometric indices and lipid parameters
suggests that central obesity may be associated
with adverse lipid profiles in this population.
Regular monitoring of blood lipid levels and
management of central obesity may help identify
women at greater risk of long-term
complications associated with dyslipidemia.
Further studies are needed to identify subgroups
of women with PCOS who may benefit from

5606



Mashhadi F et al.

JMIRH

Relationship between Anthropometric Indices and Lipid Profile

lipid-lowering interventions and to evaluate the
effectiveness of such strategies.
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