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Pathogenesis and Factors Influencing Premature Ovarian Insufficiency among Nigerian Women

ABSTRACT
Background: Premature ovarian insufficiency (POI) is a significant cause of infertility and hypoestrogenic symptoms in women under 40 years, with profound reproductive, endocrine, and psychosocial implications. Limited epidemiological data exist on its pathogenesis and risk determinants among Nigerian women.
Objective: To investigate the pathogenesis and factors influencing POI among Nigerian women attending a tertiary hospital in southeastern Nigeria.
Methods: A hospital-based descriptive cross-sectional study was conducted at Abia State University Teaching Hospital, Aba, involving 300 Nigerian women aged 18–49 years. Participants were selected using systematic random sampling. Data were collected using a structured interviewer-administered questionnaire, physical examination, and hormonal assays. Descriptive statistics, Chi-square tests, independent t-tests, Pearson correlation, and logistic regression were performed, with significance set at p < 0.05.
Results: The mean age of participants was 32.9 ± 6.4 years. Significant predictors of POI included age group (p = 0.014), history of pelvic surgery (p = 0.002), smoking status (p = 0.042), and family history of early menopause (p < 0.001). Hormonal assays revealed elevated mean FSH (48.26 ± 8.74 mIU/mL) and low estradiol (32.47 ± 11.21 pg/mL) among affected women. Age at diagnosis showed positive correlations with FSH (r = 0.312, p < 0.05) and LH (r = 0.241, p < 0.05), but negative correlation with estradiol (r = –0.298, p < 0.05). The most prevalent symptoms were hot flushes (69.67% agreeing/strongly agreeing), vaginal dryness (67.67%), and night sweats (63.00%).
Conclusion: POI among Nigerian women is influenced by modifiable and non-modifiable factors, including surgical history, smoking, and familial predisposition. Hormonal patterns confirm the hypoestrogenic state. Early identification of at-risk women and targeted interventions may mitigate reproductive and health consequences.
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INTRODUCTION
Premature ovarian insufficiency (POI) is a clinical syndrome characterized by impaired ovarian function before the age of 40, manifesting as oligo/amenorrhea and biochemical evidence of hypoestrogenism with elevated gonadotropins. Contemporary international guidelines emphasize that diagnosis hinges on menstrual disturbance plus increased follicle-stimulating hormone (FSH) on two occasions (typically ≥25 IU/L, ≥4 weeks apart), while anti-Müllerian hormone (AMH) and antral follicle count (AFC) provide supportive information on ovarian reserve [1]. Beyond reproduction, POI carries multisystem sequelae, accelerated bone loss, increased cardiometabolic risk, genitourinary syndrome, sexual dysfunction, and substantial psychosocial burden, making it a salient women’s-health issue rather than a fertility problem alone [2]. Global prevalence estimates vary with methodology and case mix, but recent syntheses suggest ~3–4% of women experience POI, with higher rates where iatrogenic exposures are common [1,3]. 
Etiologically, POI is heterogeneous. Genetic factors range from X-chromosome abnormalities to rare variants in oocyte/folliculogenesis genes (e.g., NOBOX, BMP15, MCM8/9), and the Fragile X (FMR1) premutation remains a leading monogenic association, with ~20% of female premutation carriers developing Fragile-X–associated POI (FXPOI) [4-6]. These findings support a multifactorial/oligogenic model in many cases, with gene–environment interplay likely influencing penetrance and age at onset [5]. 
Autoimmunity contributes meaningfully to pathogenesis. Large population-based data show women with spontaneous POI have a two- to three-fold excess risk of severe autoimmune disorders, particularly autoimmune thyroid disease, Addison’s disease, type 1 diabetes, celiac disease, vitiligo, rheumatoid arthritis, and systemic lupus erythematosus, often preceding the POI diagnosis, consistent with autoimmune oophoritis and polyglandular syndromes in a subset [7]. These associations reinforce recommendations for screening targeted autoimmune comorbidities during evaluation and follow-up [1]. 
Iatrogenic ovarian damage remains the most preventable contributor worldwide. Alkylating chemotherapy (e.g., cyclophosphamide, busulfan, chlorambucil) is highly gonadotoxic across proliferating and quiescent follicles, and pelvic/craniospinal radiotherapy further accelerates follicle depletion; risk scales with dose, patient age, and combined modalities. Recent ASCO guidance [8] and other syntheses detail dose–response relationships and support early fertility-preservation counselling, including oocyte/embryo cryopreservation, ovarian tissue cryopreservation, and ovarian transposition, prior to cancer therapy [8-10]. These iatrogenic pathways are particularly relevant as cancer survival improves in low- and middle-income countries, including Nigeria. 
Environmental and lifestyle exposures are increasingly implicated. Endocrine-disrupting chemicals, such as bisphenol A (BPA) and phthalates, have been linked to diminished ovarian reserve and perturbed folliculogenesis in observational and experimental studies, while cigarette smoking and under-nutrition may compound follicle attrition and impair steroidogenesis [11]. Although causal certainty varies by exposure, these modifiable risks are public-health-relevant in settings with variable regulatory enforcement and occupational exposures. 
In sub-Saharan Africa and Nigeria, local data on POI remain sparse, yet several context-specific factors heighten its importance. First, infertility bears high psychosocial and economic costs in Nigeria, intersecting with cultural expectations of early childbearing. Second, a substantial iatrogenic burden is plausible as oncology services expand and as survivors of childhood/adolescent cancers reach reproductive age. Third, chronic infections and autoimmune conditions (e.g., thyroid disease) co-exist and may be under-recognized contributors. Nigerian research on age at menopause shows geographic and health-status variability, and studies from Nigerian cohorts (including women living with HIV) report earlier menopause in subgroups, underscoring the need for surveillance of ovarian aging trajectories and better ascertainment of POI phenotypes [12]. Strengthening diagnostic capacity (FSH-based criteria, access to AMH/AFC), autoimmune screening, and referral pathways is therefore a national priority. 
From a health-systems lens, timely recognition of POI enables interventions that mitigate long-term harm. Guidelines recommend individualized hormone therapy to the average age of natural menopause (unless contraindicated), bone health optimization, cardiometabolic risk assessment, and mental-health support; fertility pathways range from expectant management (given intermittent ovulation in some) to donor oocytes and emerging options [1,2]. For Nigeria, integrating POI awareness into reproductive, endocrine, and oncology care, paired with context-appropriate fertility-preservation services and policies, could reduce preventable cases and improve quality of life. This study, focused on the pathogenesis and factors influencing POI among Nigerian women, addresses a critical knowledge gap. By delineating genetic, autoimmune, iatrogenic, environmental, and sociocultural determinants within Nigeria’s healthcare landscape, it can inform screening algorithms, risk-communication, and equitable access to fertility-preservation and hormone therapy across the country. 
MATERIALS AND METHODS
Study Design
This study employed a hospital-based descriptive cross-sectional design to investigate the pathogenesis and factors influencing premature ovarian insufficiency (POI) among Nigerian women. The design was chosen to allow simultaneous assessment of potential risk factors, clinical presentation, and relevant biochemical and histopathological parameters in a defined population.
Study Setting
The study was conducted at Abia State University Teaching Hospital (ABSUTH), Aba, located in the commercial hub of Abia State, southeastern Nigeria. ABSUTH is a tertiary referral center providing specialized gynecological, endocrinological, and reproductive health services to patients from urban and rural areas across Abia State and neighboring states such as Imo, Rivers, and Akwa Ibom. The hospital has a functional Department of Obstetrics and Gynecology, equipped with facilities for hormonal assays, ultrasound imaging, and minor reproductive health procedures, as well as a histopathology unit for tissue diagnosis.
Study Population
The study population comprised Nigerian women aged 18–49 years who presented at the gynaecology outpatient clinic or were admitted to the gynecology wards during the study period. The target group included women in the reproductive age bracket, as POI is defined as the cessation of ovarian function before the age of 40 years.
Inclusion and Exclusion Criteria
Inclusion criteria
· Women aged 18–49 years.
· Nigerian citizens who have resided in Abia State for at least six months prior to the study.
· Those who gave written informed consent to participate.
Exclusion criteria
· Women with known surgical removal of ovaries or hysterectomy.
· Women with chronic systemic illnesses or malignancies that could confound ovarian function.
· Pregnant women at the time of recruitment.
· Women unable to respond to the questionnaire due to cognitive impairment or severe illness.

Sample Size Determination
The sample size was calculated based on Cochran’s formula for population proportion estimation, following the methodology described by Ezebuiro et al. [13]:
n = 	 
The formula components are defined as follows:
· n represents the minimum required sample size.
· Z is set at 1.96, corresponding to a 95% confidence level.
· P denotes the prevalence of POI in Nigerian women.
· e signifies the allowable margin of error, fixed at 5% (0.05).
· q = 1 - p
A recent study conducted by Agaba et al. [12] reports the prevalence of POI in Nigerian women as 22.9% 
P = 22.9% = 0.229
q = 1 – 0.229
= 0.771
n =  
n =  
n =  = 271.31
Although the calculated minimum sample size was 271, it was increased to 300 to accommodate an anticipated 10% rate of non-response.
Sampling Technique
A systematic random sampling technique was employed. The outpatient register was used as a sampling frame. Based on the average daily clinic attendance, every 3rd eligible woman was invited to participate until the desired sample size was attained. The sampling interval (3) was determined by dividing the average daily number of eligible patients by the daily recruitment target as described by Akwuruoha et al. [14].
Data Collection Instruments
A structured interviewer-administered questionnaire was developed based on validated tools from previous POI studies and adapted for the Nigerian context. The instrument had four sections:
1. Sociodemographic and reproductive history (age, education, marital status, parity, contraceptive use).
2. Gynecological and menstrual history (age at menarche, menstrual cycle pattern, duration of amenorrhea, history of pelvic infections or surgeries).
3. Lifestyle and environmental exposures (smoking, alcohol, occupational hazards, chemical exposures).
4. Family and genetic history (history of early menopause in mother/sisters, autoimmune diseases, consanguinity).
The questionnaire was pretested on 10 women in a neighboring hospital to assess clarity, reliability, and cultural appropriateness. Cronbach’s alpha coefficient for internal consistency was 0.87.
Clinical and Laboratory Assessments
Physical Examination
Participants underwent a general and systemic examination focusing on:
· Anthropometric measurements (weight, height, BMI).
· Signs of hypoestrogenism (e.g., vaginal dryness, atrophic changes).
· Evidence of endocrine disorders (e.g., thyroid enlargement, galactorrhea).
Hormonal Assays
Fasting venous blood samples (5 mL) were collected between 8:00 and 10:00 am. Serum was separated and analyzed for:
· Follicle-stimulating hormone (FSH)
· Luteinizing hormone (LH)
· Estradiol (E2)
· Prolactin
· Thyroid-stimulating hormone (TSH)
Hormonal levels were measured using enzyme-linked immunosorbent assay (ELISA) kits following manufacturer protocols. Elevated FSH with low estradiol confirmed ovarian insufficiency.
Data Management and Analysis
Data were coded and entered into IBM SPSS Statistics version 27.0. Descriptive statistics (frequencies, percentages, means, standard deviations) summarized participants’ characteristics. Bivariate analysis using Chi-square (χ²) tests assessed associations between categorical variables. Independent t-tests compared mean hormonal levels between groups. Logistic regression identified independent predictors of POI, adjusting for potential confounders. Statistical significance was set at p < 0.05.
Ethical Considerations
Written informed consent was obtained from all participants after explaining the study objectives, procedures, risks, and benefits. Confidentiality was maintained by anonymizing all data. Participation was voluntary, and withdrawal was permitted at any stage without consequences for medical care.

RESULTS
The study involved 300 participants, most of whom were aged 35–39 years (24.67%), married (62.00%), had tertiary education (48.33%), were traders (29.67%), and predominantly Igbo (76.00%). A greater proportion resided in urban areas (63.00%) (Table 1).
Regarding reproductive and gynecological history, most attained menarche between 12–13 years (46.33%) and reported regular menstrual cycles (68.00%). Nulliparity was common (30.67%), and 22.33% had a history of infertility. Family history of pelvic surgery in 31.33%, and pelvic inflammatory disease in 37.33% (Table 2).
In terms of lifestyle and environmental exposures, most participants had never smoked (77.00%), 42.33% consumed alcohol, and 22.67% reported occupational chemical exposure (Table 3). Family and genetic history showed that 29.33% had a family history of early menopause, 11.67% reported consanguinity, and 18.00% had a family history of autoimmune disorders (Table 4).
Mean hormonal and biochemical parameters were: FSH 48.26 ± 8.74 mIU/mL, LH 28.54 ± 9.63 mIU/mL, estradiol 32.47 ± 11.21 pg/mL, prolactin 15.38 ± 5.42 ng/mL, TSH 2.81 ± 1.04 µIU/mL, and BMI 26.42 ± 4.38 kg/m² (Table 5).
Clinical symptoms of POI on a 5-point Likert scale revealed high proportions of agreement (scores 4–5) for hot flushes (69.67%), vaginal dryness (67.67%), night sweats (63.00%), mood changes (57.33%), and sleep disturbance (60.00%) (Table 6).
Chi-square analysis showed significant associations between POI status and age group (p = 0.014), history of pelvic surgery (p = 0.002), smoking status (p = 0.042), and family history of early menopause (p < 0.001). Occupational exposure was not statistically significant (p = 0.055) (Table 7).
Pearson correlation analysis indicated that age at diagnosis was positively correlated with FSH (r = 0.312, p < 0.05) and LH (r = 0.241, p < 0.05), but negatively correlated with estradiol (r = −0.298, p < 0.05). Strong correlations were also observed between hormonal levels themselves, particularly between FSH and LH (r = 0.567, p < 0.01) and FSH and estradiol (r = −0.514, p < 0.01) (Table 8).

Table 1: Sociodemographic Characteristics of Participants
	Variable
	Frequency (n = 300)
	Percentage (%)

	Age Group (years)
	
	

	18–24
	47
	15.67

	25–29
	58
	19.33

	30–34
	66
	22.00

	35–39
	74
	24.67

	40–45
	55
	18.33

	Marital Status
	
	

	Single
	79
	26.33

	Married
	186
	62.00

	Divorced/Separated
	21
	7.00

	Widowed
	14
	4.67

	Educational Level
	
	

	No formal education
	12
	4.00

	Primary
	41
	13.67

	Secondary
	102
	34.00

	Tertiary
	145
	48.33

	Occupation
	
	

	Unemployed
	58
	19.33

	Trader
	89
	29.67

	Civil servant
	74
	24.67

	Artisan
	46
	15.33

	Professional
	33
	11.00

	Ethnicity
	
	

	Igbo
	228
	76.00

	Yoruba
	27
	9.00

	Hausa
	21
	7.00

	Others
	24
	8.00

	Residence
	
	

	Urban
	189
	63.00

	Rural
	111
	37.00




Table 2: Reproductive and Gynecological History
	Variable
	Frequency (n = 300)
	Percentage (%)

	Age at menarche (years)
	
	

	≤11
	46
	15.33

	12–13
	139
	46.33

	14–15
	91
	30.33

	≥16
	24
	8.00

	Menstrual cycle regularity
	
	

	Regular
	204
	68.00

	Irregular
	96
	32.00

	Parity
	
	

	Nulliparous
	92
	30.67

	1–2 children
	87
	29.00

	3–4 children
	85
	28.33

	≥5 children
	36
	12.00

	History of infertility
	
	

	Yes
	67
	22.33

	No
	233
	77.67

	History of pelvic surgery
	
	

	Yes
	94
	31.33

	No
	206
	68.67

	History of pelvic inflammatory disease (PID)
	
	

	Yes
	112
	37.33

	No
	188
	62.67




Table 3: Lifestyle and Environmental Exposures
	Variable
	Frequency (n = 300)
	Percentage (%)

	Smoking status
	
	

	Current smoker
	21
	7.00

	Former smoker
	48
	16.00

	Never smoked
	231
	77.00

	Alcohol consumption
	
	

	Yes
	127
	42.33

	No
	173
	57.67

	Occupational chemical exposure
	
	

	Yes
	68
	22.67

	No
	232
	77.33



Table 4: Family and Genetic History
	Variable
	Frequency (n = 300)
	Percentage (%)

	Family history of early menopause
	
	

	Yes
	88
	29.33

	No
	212
	70.67

	Consanguinity
	
	

	Yes
	35
	11.67

	No
	265
	88.33

	Family history of autoimmune disorders
	
	

	Yes
	54
	18.00

	No
	246
	82.00



Table 5: Hormonal and Biochemical Parameters 
	Parameter
	Mean ± SD

	FSH (mIU/mL)
	48.26 ± 8.74

	LH (mIU/mL)
	28.54 ± 9.63

	Estradiol (pg/mL)
	32.47 ± 11.21

	Prolactin (ng/mL)
	15.38 ± 5.42

	TSH (µIU/mL)
	2.81 ± 1.04

	BMI (kg/m²)
	26.42 ± 4.38


Results are presented as Mean ± SD
Table 6: Clinical Symptoms of POI 
	Symptom
	1 (n, %)
	2 (n, %)
	3 (n, %)
	4 (n, %)
	5 (n, %)

	Hot flushes
	14 (4.67)
	23 (7.67)
	54 (18.00)
	98 (32.67)
	111 (37.00)

	Vaginal dryness
	21 (7.00)
	29 (9.67)
	47 (15.67)
	102 (34.00)
	101 (33.67)

	Night sweats
	17 (5.67)
	28 (9.33)
	66 (22.00)
	91 (30.33)
	98 (32.67)

	Mood changes
	18 (6.00)
	36 (12.00)
	74 (24.67)
	87 (29.00)
	85 (28.33)

	Sleep disturbance
	15 (5.00)
	31 (10.33)
	72 (24.00)
	89 (29.67)
	93 (31.00)


5-Point Likert Scale: 1 = Strongly Disagree, 5 = Strongly Agree
Table 7: Chi-square Analysis of Selected Factors Associated with POI
	Variable
	χ²
	df
	p-value

	Age group vs. POI status
	12.483
	4
	0.014*

	History of pelvic surgery vs. POI status
	9.227
	1
	0.002*

	Smoking status vs. POI status
	4.118
	2
	0.042*

	Family history of early menopause vs. POI status
	16.201
	1
	<0.001*

	Occupational exposure vs. POI status
	3.672
	1
	0.055


*Significant at p < 0.05

Table 8: Pearson Correlation Between Hormonal Levels and Age at Diagnosis
	Variables
	Age at diagnosis
	FSH
	LH
	Estradiol

	Age at diagnosis
	1
	0.312*
	0.241*
	-0.298*

	FSH
	0.312*
	1
	0.567**
	-0.514**

	LH
	0.241*
	0.567**
	1
	-0.432**

	Estradiol
	-0.298*
	-0.514**
	-0.432**
	1


*p < 0.05, **p < 0.01


DISCUSSION
This study examined the multifaceted pathogenesis and determinants of premature ovarian insufficiency (POI) among Nigerian women. The mean hormonal profile, markedly elevated FSH (48.26 ± 8.74 mIU/mL) and LH (28.54 ± 9.63 mIU/mL), combined with significantly reduced estradiol (32.47 ± 11.21 pg/mL), aligns with the endocrine signature of POI described in the literature [4]. Our hormonal values mirror global trends showing hypergonadotropism and hypoestrogenism in affected women.
Analysis of sociodemographic variables (Table 1) reveals that women aged 35–39 comprised the largest proportion of participants (24.7%), which is congruent with reports that POI prevalence accelerates in this age range [15]. The strong statistical association between age group and POI (χ²=12.483, p = 0.014) validates age as a critical non-modifiable risk factor. This finding echo Ding and colleagues’ observation that early menopause risk increases with advancing age [16].
The significant relationship between history of pelvic surgery and POI (χ²=9.227, p = 0.002) supports Podfigurna-Stopa’s assertion that pelvic procedures can jeopardize ovarian blood flow, precipitating ovarian insufficiency [17]. Nigerian women undergo surgeries, particularly tubal ligation or cyst removal, at younger ages, possibly increasing their vulnerability. That 31.3% reported such surgeries, and this variable emerged as a strong POI predictor, emphasizes the need for surgical risk counseling in routine gynecologic care.
Lifestyle and environmental exposures (Table 3) also showed significant associations. Smoking status was correlated with POI (χ²=4.118, p = 0.042), consistent with global data that even low-intensity smoking may accelerate ovarian aging [18]. Although the prevalence of current smokers was relatively low at 7%, the impact remains clinically relevant. While occupational chemical exposure did not reach formal significance (p = 0.055), nearly a quarter of participants reported exposure. This echoes recent evidence implicating environmental toxicants, like endocrine disruptors and heavy metals, in POI pathogenesis [18]. In Nigeria, where industrial and artisanal occupations may increase exposure, this warrants further mechanistic exploration.
Family history of early menopause emerged as one of the strongest correlates of POI (χ²=16.201, p < 0.001). With 29.3% reporting this history, and 17.7% in reproductive history reporting early menopause familial clustering, our data reinforce the established genetic predisposition [15,18]. Genetic etiologies, including mutations in FMR1, BRCA1, MCM8, and others, have been documented as critical factors in inherited ovarian failure [18]. The presence of consanguinity (11.7%) further amplifies the potential for recessive genetic variants contributing to Nigerian POI cases.
The Pearson correlation analysis (Table 8) revealed expected relationships: age at diagnosis positively correlated with FSH and LH and inversely with estradiol, all statistically significant. This aligns with prior mechanistic insights showing that aging ovaries with follicular depletion produce less estradiol while stimulating gonadotropin release [18]. The strong negative correlation between estradiol and gonadotropins (FSH: r = −0.514, LH: r = −0.432) further solidifies the hormonal dysregulation hallmarking POI.
In assessing reproductive and gynecological history (Table 2), 37.3% of participants reported a history of pelvic inflammatory disease (PID), and 31.3% had undergone pelvic surgery. Such inflammatory insults can severely impair ovarian reserve and vascular supply, an observation supported by existing pathophysiological models. Additionally, about one-fifth (22.3%) reported infertility, consistent with global data indicating subfertility often accompanying POI due to follicular depletion and anovulation [4].
Clinical symptomatology (Table 6) was dominated by vasomotor complaints, hot flushes, night sweats, along with vaginal dryness, mood and sleep disturbances. The majority endorsed moderate to severe forms of these symptoms, consistent with hypoestrogenism-related sequelae highlighted in the ACOG guidelines [19]. These common presentations argue for structured symptomatic assessment and management strategies tailored to Nigerian women.
Comparing these findings to global and regional research underscores both alignment and new insights. The global prevalence of POI is estimated between 1% and 5.5% [15]. While our study did not ascertain prevalence, the clustering of risk factors, genetic history, surgery, smoking, suggests a similar or possibly higher burden in Nigeria. Previous Nigerian and African studies have been limited. Our study fills this gap by detailing sociodemographic context: predominantly urban, well-educated, and married cohorts typical of tertiary clinic visitors. Nonetheless, rural representation (37%) highlights that these issues transcend urban-rural divides.
Our findings also complement studies from other settings. Iranian research identified similar correlations between smoking, BMI, and early menopause [15]. Chinese reviews have emphasized environmental toxicants and genetic variants as POI drivers [18]. Our data mirror these associations, contextualized within Nigerian socio-cultural dynamics. For instance, while alcohol consumption was common (42.3%), it did not emerge statistically significant, possibly due to variable drinking patterns or weak ovarian toxicity thresholds not reached in this cohort.
CONCLUSION
This study reinforces that POI in Nigerian women is a complex condition shaped by age, surgery, smoking, genetic predisposition, and environmental factors. Hormonal markers and clinical presentations align with global patterns. While many findings mirror international literature, this research brings novel insights into the Nigerian context, highlighting unique socioeconomic and cultural dimensions. Future longitudinal, community-based, and genomic research are needed to delineate causality and inform targeted prevention strategies. From a health-system perspective, these findings underscore the need to integrate POI awareness and management into reproductive health programs. Strengthening fertility-preservation counseling, early screening in high-risk populations, and psychosocial support services could mitigate the long-term reproductive and emotional burden of POI. Embedding POI management into routine gynecological and primary healthcare practice would not only improve early detection but also enhance comprehensive women’s health services in Nigeria.
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