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ABSTRACT
Background: Female infertility is broadly defined as the failure to achieve conception after twelve months of regular, unprotected sexual intercourse with a male partner of confirmed fertility. Despite its widespread impact across sub-Saharan Africa, including Nigeria, the condition has only recently gained the attention it deserves in research and policy discourse. The inability to conceive carries profound psychological, social, and economic consequences for affected women and their families. Against this backdrop, the present study sought to assess the concentrations of sex hormone binding globulin (SHBG), estradiol (E2), and lipid parameters in women with infertility attributable to hormonal dysfunction.
Methodology: This investigation adopted a cross-sectional design and enrolled 160 female participants between the ages of 20 and 45 years, all attending the Federal Teaching Hospital, Owerri (FTHO), Nigeria. The sample comprised two groups: 80 women with a confirmed diagnosis of hormonal infertility who were not currently receiving any pharmacological treatment (case group), and 80 apparently healthy, fertile women who served as controls. The following biochemical markers were quantified using standard laboratory procedures: SHBG, estradiol (E2), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), and very low-density lipoprotein cholesterol (VLDL-c).
Results: Serum concentrations of SHBG, E2, TG, and VLDL-c were all significantly lower in the infertile group relative to the fertile controls (P < 0.05). In contrast, TC, HDL-c, and LDL-c levels were significantly elevated in infertile women compared with fertile participants (P < 0.05). Pearson correlation analysis revealed a strong positive association between TC and LDL-c in both groups, while TG showed a significant positive correlation with VLDL-c in both infertile and fertile women. A notable negative correlation between LDL-c and VLDL-c was observed exclusively in the fertile group (P < 0.05).
Conclusion: The observed hormonal and lipid abnormalities suggest that steroidogenesis may be functioning inadequately in hormonally infertile women, which may in part explain their difficulty in achieving pregnancy.
Keywords: Female infertility, Sex hormone binding globulin, Estradiol, Lipid profile.
[bookmark: _Hlk230615332]
1. INTRODUCTION
Infertility in women is conventionally described as the failure to conceive following twelve months of regular, contraceptive-free intercourse with a fertile male partner (Cooper et al., 2010). However, definitions of this condition are not uniform across disciplines. Demographers typically characterize female infertility as childlessness within a population of women of reproductive age, whereas epidemiologists frame it in terms of the time required to achieve conception. The duration a couple must attempt conception before receiving an infertility diagnosis also varies by jurisdiction, making cross-country prevalence comparisons particularly challenging (Gurunath et al., 2011). Couples who experience difficulty conceiving without meeting the formal diagnostic criteria are sometimes classified as "subfertile," a term that often overlaps with infertility in clinical usage. The World Health Organization (WHO) sets its threshold at two years of regular unprotected intercourse without conception (WHO, 1991). Primary infertility refers to cases in which a woman has never carried a pregnancy, while secondary infertility describes failure to conceive following a prior successful pregnancy.
Although Nigeria has historically recorded high fertility rates — approximately six children per woman (Larsen, 1995) — concerns about infertility have grown in recent decades. As Hollos, (2003) noted, the scale of infertility in sub-Saharan Africa was long obscured by the region's overall high fertility, which drew global attention toward population control rather than reproductive impairment.
Disruptions to the hypothalamic-pituitary-ovarian (HPO) axis represent a central category of hormonal disorders linked to female infertility. These conditions frequently impair ovulation and require a comprehensive, multidisciplinary diagnostic approach, with clinical laboratory evaluation playing a pivotal role (Williams et al., 2003). Hormones function as a biochemical signaling network that governs reproduction, growth and metabolic regulation. When hormone production is dysregulated — whether due to polycystic ovarian syndrome (PCOS), thyroid dysfunction, or hyperprolactinemia — the reproductive process is disrupted (Legro, 2007). Stress-related alterations in the hypothalamic-pituitary-adrenal (HPA) axis may further compound hormonal imbalance and impair follicular development (Gohil et al., 2001).
Estradiol (E2), the most biologically potent of the estrogens, is produced primarily by the ovarian follicles and the corpus luteum. It circulates in the bloodstream in two forms: a small free fraction (approximately 2.21%) that is biologically active, and a larger bound fraction, predominantly attached to sex hormone-binding globulin (SHBG) and, to a lesser degree, albumin (Wu et al., 1976). Because SHBG strongly influences the bioavailability of free estradiol, changes in SHBG levels can have significant downstream effects on reproductive function. Estradiol also plays a cardioprotective role by modulating the lipid profile — specifically by lowering TC and LDL-c while raising HDL-c (Zhao et al., 2010). Insufficient estradiol can prevent ovulation and inhibit adequate endometrial thickening, thereby reducing the likelihood of implantation.
Sex hormone-binding globulin (SHBG) is a glycoprotein that binds androgens and estrogens and facilitates their transport through the bloodstream. Its affinity is greatest for dihydrotestosterone (DHT) and testosterone, though it also binds estradiol. SHBG is essential in regulating the balance between estrogen and testosterone in women, and its serum level serves as a useful biomarker for assessing hormonal bioavailability (Goldman et al., 2017; Yuan et al., 2022). Low SHBG is associated with greater androgenic activity, while elevated SHBG — as seen with high estrogen states — may reduce the fraction of free, biologically active sex hormones (Lin & Sun, 2005).
The relationship between lipid metabolism and female fertility has not been thoroughly investigated, despite evidence suggesting that plasma lipoproteins may play a meaningful role (Helena et al., 2001). Cholesterol serves as a precursor for steroid hormone synthesis; however, in excess, it may interfere with reproductive function. Research indicates that elevated free cholesterol levels are associated with reduced conception rates and impaired fertility (CDC, 2014).
2.  MATERIALS AND METHODS
2.1	Study Design
A cross-sectional study was conducted among 160 female participants aged 20 to 45 years attending the Federal Teaching Hospital, Owerri (FTHO), Nigeria, for medical management. Participants were selected using simple random sampling. Of these, 80 were women previously diagnosed with infertility due to hormonal imbalance who were not receiving any form of medication (case group), and the remaining 80 were apparently healthy fertile women who served as the control group.
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Only women with primary infertility attributed to hormonal imbalance were recruited into the case group. Control participants were women who had been confirmed pregnant within the preceding year and were not currently breastfeeding.
2.1.2. Exclusion Criteria
From the control group, the following were excluded: pregnant women, breastfeeding or lactating mothers, women with diabetes, infertile women, and women using oral contraceptives. From the test group, women who were using oral contraceptives or had recently received steroids, ACTH, gonadotropins, or estradiol medications were excluded.

2.2 Blood Sample Collection
All blood samples were obtained from women within their reproductive years at the mid-cycle peak of the menstrual cycle. A 5.0 mL fasting venous blood sample was collected by venipuncture from the antecubital vein under aseptic conditions into sterile plain tubes. Samples were allowed to clot and subsequently centrifuged at 4,000 rpm for 5 minutes. The resulting serum was stored frozen at -20°C and analyzed within one week of collection. Serum aliquots were used to measure SHBG, E2, TC, TG, and HDL-c.
2.3 Laboratory 
All analyses were conducted at the Federal Teaching Hospital, Owerri (FTHO), Imo State, Nigeria 
2.4 Assay Methodology 
2.4.1. Human sex hormone- binding globulin was measured using an enzyme-linked immunosorbent assay (ELISA), following the procedure described by Rosner and Smith (1975). The assay uses a two-step sandwich format: one monoclonal antibody immobilized on a microwell plate captures SHBG from the sample, while a second antibody conjugated to horseradish peroxidase (HRP) binds to a different epitope. After incubation and washing, enzyme substrate is added and the resulting color intensity, read at 450 nm, is directly proportional to SHBG concentration.
2.4.2 Estradiol (E2) was quantified by competitive ELISA (Abraham, 1981). A biotinylated antibody binds the antigen, and a labeled enzyme analog competes with free antigen in the sample for a limited number of antibody binding sites. After washing, substrate is added and the absorbance read at 450 nm following a 30-minute color development period.
2.4.3 Total Cholesterol was determined using the enzymatic colorimetric method of Allain et al., (1974) with the Randox cholesterol kit. The assay employs cholesterol esterase, cholesterol oxidase, and peroxidase to produce a quinoneimine dye, the intensity of which is proportional to cholesterol concentration.
2.4.4 HDL Cholesterol was estimated by selective precipitation (Burstein et al., 1980). LDL-c, VLDL-c, and chylomicrons were precipitated using phosphotungstic acid with magnesium ions, and the remaining supernatant cholesterol — representing HDL-c — was then measured.
2.4.5 Triglycerides was measured enzymatically (Buccolo & David, 1917). Triglycerides are hydrolyzed by lipoprotein lipase to glycerol and free fatty acids. Glycerol is then sequentially converted through glycerol-3-phosphate to hydrogen peroxide, which reacts with 4-aminophenazone and p-chlorophenol in the presence of peroxidase to produce a red dye proportional to TG concentration.
2.4.6 LDL Cholesterol was derived using the Friedewald formula (Friedewald et al., 1990). Participants with TG concentrations exceeding 399 mg/dL were excluded from this calculation, as the formula is not valid above that threshold.
2.4.7 VLDL Cholesterol was estimated using the formula: VLDL-c = TG / 5.5 (Friedewald et al., 1990).
2.5 Limitations
This study was limited to women with primary infertility caused by hormonal imbalance. Other etiologies of infertility were not examined.
2.6 Statistical Analysis
Data were analyzed using SPSS version 23 (Levesque, 2007). Between-group differences were evaluated using Student's t-test and expressed as mean ± standard deviation (Mean ± SD). Associations among variables were assessed using Pearson's correlation coefficient. Statistical significance was defined as P < 0.05.
3. RESULTS AND DISCUSSION
The biochemical findings for SHBG, E2, and the lipid panel are summarized in the tables below.
As shown in Table 1, mean serum SHBG and E2 concentrations were both significantly lower in infertile women compared with fertile controls (P < 0.05). Similarly, TG and VLDL-c were significantly reduced in the infertile group. By contrast, TC, HDL-c, and LDL-c were all significantly elevated in infertile participants relative to controls (P < 0.05). Correlation analysis showed no significant relationship between SHBG and E₂ and between SHBG and lipids (P > 0.05) in both infertile and apparently healthy fertile groups in Table 2.



Table 1: Comparison of Mean Serum Levels of SHBG, E₂, and Lipids in Infertile (Case) and Fertile (Control) Women
	Parameter
	Infertile (n=80) Mean ± SD (pg/mL)
	Fertile (n=80) Mean ± SD (pg/mL)
	t-value
	P-value

	SHBG
	184.58 ± 57.21
	207.94 ± 45.05
	2.869
	0.005*

	E2
	124.87 ± 83.86
	224.03 ± 69.48
	8.144
	0.000*

	TC
	221.93 ± 31.19
	210.99 ± 25.39
	2.443
	0.016*

	TG
	127.74 ± 19.04
	138.15 ± 23.74
	3.060
	0.003*

	HDL-c
	47.38 ± 7.02
	44.86 ± 3.56
	2.855
	0.005*

	LDL-c
	149.15 ± 30.64
	138.30 ± 24.09
	2.490
	0.014*

	VLDL-c
	25.40 ± 3.90
	28.09 ± 5.46
	3.582
	0.000*


Significant at P < 0.05. SHBG = Sex hormone binding globulin; E2 = Estradiol; TG = Triglyceride; TC = Total cholesterol; HDL-c = High density lipoprotein cholesterol; LDL-c = Low density lipoprotein cholesterol; VLDL-c = Very low-density lipoprotein cholesterol.
Table 2: Pearson Correlation Values among SHBG, E₂, and Lipid Parameters in Infertile and Fertile Women
	Parameter Pair
	Infertile γ-value
	Infertile P-value
	Fertile γ-value
	Fertile P-value

	SHBG vs E2
	-0.159
	0.158
	0.176
	0.118

	SHBG vs TC
	0.164
	0.146
	0.045
	0.689

	SHBG vs TG
	0.116
	0.305
	-0.012
	0.918

	SHBG vs HDL-c
	0.190
	0.091
	-0.028
	0.803

	SHBG vs LDL-c
	0.151
	0.182
	0.042
	0.709

	SHBG vs VLDL-c
	-0.073
	0.520
	0.033
	0.774

	E2 vs TC
	-0.124
	0.273
	-0.124
	0.271

	E2 vs TG
	-0.099
	0.382
	0.003
	0.975

	E2 vs HDL-c
	-0.122
	0.281
	-0.004
	0.969

	E2 vs LDL-c
	-0.094
	0.407
	-0.125
	0.269

	E2 vs VLDL-c
	-0.156
	0.167
	0.119
	0.295

	TC vs TG
	0.138
	0.222
	0.341
	0.002*

	TC vs HDL-c
	0.126
	0.265
	0.038
	0.736

	TC vs LDL-c
	0.967
	0.000*
	0.965
	0.000*

	TC vs VLDL-c
	0.107
	0.346
	-0.145
	0.200

	TG vs HDL-c
	-0.178
	0.114
	0.048
	0.675

	TG vs LDL-c
	0.054
	0.635
	0.156
	0.166

	TG vs VLDL-c
	0.909
	0.000*
	0.344
	0.002*

	HDL-c vs LDL-c
	-0.073
	0.519
	-0.110
	0.333

	HDL-c vs VLDL-c
	-0.127
	0.260
	0.184
	0.101

	LDL-c vs VLDL-c
	0.108
	0.875
	-0.238
	0.034*


Significant at P < 0.05. SHBG = Sex hormone binding globulin; E2 = Estradiol; TG = Triglyceride; TC = Total cholesterol; HDL-c = High density lipoprotein cholesterol; LDL-c = Low density lipoprotein cholesterol; VLDL-c = Very low-density lipoprotein cholesterol; VS means Verse.

Discussions
Female infertility remains a significant global health challenge. This study was designed to examine the serum levels of SHBG, E2, and key lipid parameters in women experiencing infertility related to hormonal dysfunction.
The finding that both SHBG and E2 were significantly lower in infertile women compared with fertile controls (P < 0.05) points to an underlying hormonal imbalance that may be directly implicated in reproductive failure. These results align with those reported by Abd Nusaif et al., (2024). Low serum SHBG has been identified as a marker of long-term infertility risk and is thought to play a mechanistic role in its pathogenesis (Szybiak-Skora et al., 2025). Women with hormonal imbalance often fail to develop sufficient follicles for ovulation, further compromising fertility.
The findings differ somewhat from those of Lin and Sun (2005), who reported that high estrogen levels increase SHBG in women undergoing controlled ovarian hyperstimulation. This discrepancy may reflect differences in the hormonal milieu created by ovarian stimulation, or underlying genetic variability in the study populations. According to Ma and Chen (2024), the causal relationship between SHBG and infertility remains an area of active investigation. SHBG influences hormonal bioavailability not only in reproductive tissues, but also in the cardiovascular system. Elevated SHBG can lead to high total estradiol levels without a corresponding rise in free (bioactive) estradiol (Wu et al., 1976). Since estradiol is necessary for endometrial proliferation and fertile cervical mucus production, its relative deficiency can block both ovulation and implantation (Weschler, 2002).
The lipid findings — significantly reduced TG and VLDL-c, alongside elevated TC, HDL-c, and LDL-c in the infertile group — are consistent with a dyslipidemia pattern also noted by Chikezie et al., (2016). While an elevation in HDL-c might appear protective, the overall lipid profile in infertile women, particularly the elevated LDL-c and TC, may interfere with steroidogenesis and endothelial function, thereby contributing to fertility difficulties.
Correlation analysis confirmed a strong positive association between TC and LDL-c in both groups, and between TG and VLDL-c in both groups (P < 0.05). An inverse correlation between LDL-c and VLDL-c was observed only in the fertile group. No significant correlation was found between SHBG or E2 and any lipid parameter in either group, possibly reflecting the influence of anovulatory cycles on estradiol variability. The absence of these correlations may indicate that some of the infertile participants were not ovulating, thereby disrupting normal hormonal-lipid interactions.
4. CONCLUSION
SHBG and lipids play integral roles in maintaining the hormonal balance necessary for female reproductive health. This study found that infertile women with hormonal imbalance exhibited significantly lower E2 and SHBG levels, alongside elevated TC and LDL-c concentrations, relative to fertile controls. These changes suggest that steroidogenesis may be compromised in this population, and point to a possible mechanistic link between dyslipidemia and reproductive failure. The authors recommend that SHBG, E2, TC, and LDL-c be routinely incorporated into the laboratory workup for women presenting with hormonal infertility, as these parameters may enhance diagnostic accuracy and guide therapeutic strategies. The reduction in free estradiol — modulated in part by SHBG dynamics — and the associated lipid abnormalities may together contribute to impaired endometrial receptivity and lower fertility rates in this group.
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