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ASSOCIATION BETWEEN DIGIT RATIO AND ONSET OF MENOPAUSE AMONG WOMEN IN PORT HARCOURT, RIVERS STATE.


ABSTRACT
Aim: The aim of this study was to investigate the relationship between digit ratio and age at menopause among women residing in Port Harcourt, Rivers State, Nigeria. 
Study Design: A cross-sectional correlational research design was employed. 
Place of Study: The study was carried out in Port Harcourt, Rivers State.
Methodology: Although 402 women were initially recruited, only 191 participants were able to accurately report their age at menopause and were included in the final analysis. Participants were selected using a simple random sampling technique. Anthropometric measurements were obtained using a digital Vernier caliper, while demographic information was collected using a structured questionnaire. 
Results: The results revealed a mean menopausal age of 45.63 ± 5.55 years, with mean digit ratios of 0.96 ± 0.04 for the right hand and 0.97 ± 0.04 for the left hand. A statistically significant association was observed between digit ratio and age at menopause, as indicated by the chi-square test of independence (chi-square value = 13.324, degrees of freedom = 4, p<0.00). Women with higher digit ratios demonstrated fewer cases of early menopause and were the only group in which late menopause was recorded. 
Conclusion: The findings suggest that a low digit ratio is associated with an increased likelihood of early menopause, whereas higher digit ratios are more commonly associated with normal or delayed onset of menopause.
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1. INTRODUCTION
The ratio of the lengths of the human digits, commonly referred to as the digit ratio, has attracted increasing scientific interest, with the second-to-fourth digit ratio (2D:4D) being the most widely studied. The 2D:4D ratio is calculated by dividing the length of the index finger by that of the ring finger, measured from the midpoint of the basal crease to the fingertip (Alperovitch-Najenson et al., 2004; Gwunireama and Collins, 2025). Although early views regarded digit ratio research as pseudoscientific, accumulating empirical evidence has established the 2D:4D ratio as a biologically meaningful trait. It is a sexually dimorphic characteristic, with women generally exhibiting higher ratios than men. Men typically have a mean digit ratio of approximately 0.96, while women tend to have ratios closer to 1.0, reflecting nearly equal lengths of the index and ring fingers in females (Manning, 2008; Gwunireama et al., 2010; Gwunireama and Collins, 2025).
The sexual dimorphism observed in the 2D:4D ratio is believed to originate during prenatal development. The ratio is largely fixed in utero between the 13th and 14th weeks of gestation and is influenced by the balance of prenatal testosterone and estrogen exposure (Lutchmaya et al., 2004; Galis et al., 2010; Ventura et al., 2013; Viveka et al., 2014). A lower, more masculine 2D:4D ratio is associated with higher prenatal testosterone exposure, whereas a higher, more feminine ratio reflects greater prenatal estrogen exposure (Manning et al., 1998). The development of digit ratios is genetically regulated by Homeobox genes, which also play a role in urogenital system differentiation, suggesting a shared developmental pathway between digit formation and reproductive system development. Once established, the 2D:4D ratio remains largely stable throughout an individual’s lifetime (Ventura et al., 2013; Viveka et al., 2014; Gwunireama and Collins, 2025).
Because of its prenatal origin and lifelong stability, the 2D:4D ratio has been proposed as a non-invasive biomarker of the intrauterine hormonal environment, with long-term implications for physiology, behaviour, cognition, fertility, and handedness (Manning, 2011; Manning et al., 2014; Jeevanandam & Muthu, 2016). Numerous studies have demonstrated significant associations between digit ratio and somatic features, fertility parameters, behavioral traits, and certain pathologies, including breast cancer risk (Muller et al., 2012; Klimek et al., 2014; Klimek et al., 2016; Kirchengast et al., 2019). In women, earlier research suggests that digit ratio may be linked to reproductive outcomes across the lifespan, including the duration of reproductive life and overall reproductive success. Specifically, women with more feminine (higher) 2D:4D ratios have been reported to have longer reproductive lifespans and higher numbers of offspring (Kalichman et al., 2013; Klimek et al., 2016).
Menopause marks a critical transition in female life history and is defined as the permanent cessation of menstruation for at least 12 consecutive months, reflecting irreversible reproductive senescence (Gold, 2011; Kirchengast et al., 2019). It is typically diagnosed retrospectively and results primarily from ovarian oocyte depletion and declining estrogen production, most commonly occurring between the ages of 45 and 56 years (Santoro, 2016; Cappola et al., 2023; Stuenkel, 2024). Age at menopause serves not only as an indicator of reproductive ageing but also as a marker of general health, and it is influenced by socioeconomic, lifestyle, ecological, and prenatal factors (Lujan Barroso et al.,2018; Kirchengast et al., 2019). Emerging evidence suggests that lower 2D:4D ratios, indicative of higher prenatal androgen exposure, may be associated with earlier puberty and earlier natural menopause (Manning et al., 2001; Jeevanandam & Muthu, 2016). However, in Rivers State, Nigeria, factors influencing menopause timing remain poorly understood, and no study has specifically examined the association between digit ratio and menopause in this population. This study, therefore, aims to investigate whether women in Rivers State with lower 2D:4D ratios experience earlier menopause compared to those with higher ratios, thereby contributing to a better understanding of reproductive ageing in this specific population.
2. MATERIALS AND METHODS
2.1 Research Design
[bookmark: _Toc182999623]This study employs a cross-sectional correlational research design to investigate the relationship between the second-to-fourth digit ratio (2D:4D) and age at menopause among women in Port Harcourt, Rivers State, Nigeria. Structured questionnaires are utilised to collect relevant demographic data from the study participants.
2.2 Study Area and Population
The study was conducted in Port Harcourt, the capital city of Rivers State in southern Nigeria, located within the Niger Delta region and characterised by a tropical climate with high humidity and substantial rainfall, particularly during the wet season. Rivers State has a diverse population and varying socio-economic conditions, providing a suitable context for health-related research, including studies on reproductive health and its association with anthropometric markers such as digit ratio. The study population comprised women aged 28 years and above who reside in Port Harcourt, Rivers State, Nigeria, and who had already attained natural menopause.
2.3 Selection Criteria
The study excluded women who had undergone surgical procedures affecting their reproductive health, those currently receiving hormone replacement therapy, and individuals with severe chronic health conditions that could potentially influence the timing of menopause. Women with abnormalities of the second or fourth digits were also excluded. Only participants who had experienced natural menopause, whose spouses were alive at least until the time of menopause, and who had normal second and fourth digits were included in the study.
2.4 Sampling 
A total of 402 women were initially selected for the study; however, only 191 participants were able to accurately report their age at menopause. Participants were chosen using a simple random sampling technique, which ensured that each eligible woman within the target age range had an equal probability of selection. This approach was employed to minimize selection bias and enhance the generalizability of the findings to the broader population of women in Rivers State. For analysis, age at menopause was categorised as early (<45 years), normal (45–55 years), and late (>55 years), while digit ratios were classified as low (<0.95), normal (0.95–1.00), and high (>1.00).
2.5 Data Collection
The digit length of the index (2D) and ring (4D) fingers were measure from the tip of the fingers to the basal crease, for the right and left fingers. A digital Vernier caliper with an accurate reading of 0.01 mm was used to take measurements. All parameters were measured three times, and the average was used as the measured value. Structured questionnaires are utilised to collect relevant demographic data from the study participants.
2.6 Data Analysis
The study data were analysed using IBM SPSS (Statistical Package for the Social Sciences) version 25 to perform both descriptive and inferential statistical analyses. Descriptive statistics, including mean, standard deviation, range, frequency, and percentage, were used to summarise the data. The Chi-square test of independence was employed to assess the association between age at menopause and digit ratio among the participants. A significance level of 0.05 was adopted, with p-values less than 0.05 considered statistically significant.
3. RESULTS AND DISCUSSION
The results were presented in tables and figures.

Table 1: Descriptive statistics of the study.
	Variables
	N
	Range
	Min.
	Max.
	Mean±SD

	Right Digit Ratio
	402
	0.23
	0.84
	1.07
	0.96±0.04

	Left Digit Ratio
	402
	0.24
	0.85
	1.09
	0.97±0.04

	Average Digit Ratio
	402
	0.20
	0.87
	1.07
	0.97±0.04

	Age
	402
	41.00
	34.00
	75.00
	47.76±7.79

	Age at Menopause
	191
	32.00
	28.00
	60.00
	45.63±5.55

	Number of Children
	370
	12.00
	1.00
	13.00
	4.08±1.92





[bookmark: _Toc182999481]Figure 1. Age at Menopause demographics of the study sample
EM= Early Menopause, NM= Normal Menopause, LM= Late Menopause
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[bookmark: _Toc182999482]Figure 2. Digit ratio groups demographics of the study sample.
LDR= Low Digit Ratio, NDR= Normal Digit Ratio, HDR= High Digit Ratio
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[bookmark: _Toc182999400]Table 2. Chi-Square test of independence between digit ratio groups and age at menopause
	Digit Ratio Groups
	Age at Menopause
	Total
	X2
	df
	p-value
	Inference

	
	Early Menopause
	Normal Menopause
	Late Menopause
	
	
	
	
	

	Low Digit Ratio
	31
	34
	0
	65
	13.324
	4
	0.01
	Sig

	Normal Digit Ratio
	46
	47
	0
	93
	
	
	
	

	High Digit Ratio
	21
	10
	2
	33
	
	
	
	

	Total
	98
	91
	2
	191
	
	
	
	


X2= Chi-Square value, df= degree of freedom, Sig= Significant
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[bookmark: _Toc182999483]Figure 3. Bar chart showing the relationship between digit ratio group and age at menopause.
The present study examined the association between second-to-fourth digit ratio and age at menopause among women in Port Harcourt, Rivers State, Nigeria, and the findings provide important anthropometric and reproductive health insights within a Nigerian population. The mean right-hand digit ratio (0.96 ± 0.04), mean left-hand digit ratio (0.97 ± 0.04), and overall average digit ratio (0.97 ± 0.04) observed in this study fall within the established normal female range, indicating typical sexual dimorphism in digit ratios with minimal variability among participants. These values are comparable to those reported by Kirchengast et al. (2019), who documented mean right- and left-hand digit ratios of 0.983 ± 0.047 and 0.981 ± 0.050, respectively, and similarly found no significant bilateral asymmetry. The absence of marked right–left differences in the present study supports the notion that digit ratio is a relatively stable trait, reflecting prenatal hormonal influences rather than postnatal environmental variation.
The mean age at menopause of 45.63 ± 5.55 years among postmenopausal participants in this study is lower than the mean age reported by Kirchengast et al. (2019), who observed menopausal onset at 49.8 ± 4.3 years, but closely aligns with the findings of Ghosh et al. (2023), who reported a mean age of 46.78 ± 1.71 years in an Indian population. The wide age range at menopause observed in the present study (28–60 years) indicates the coexistence of early, normal, and late menopause within the population studied, emphasising the influence of both biological and possibly environmental or genetic factors on menopausal timing.
A major finding of this study is the statistically significant association between digit ratio group and age at menopause, as demonstrated by the chi-square analysis (χ² = 13.324, df = 4, p = 0.01). Women with low digit ratios accounted for a substantial proportion of early menopause cases, whereas women with high digit ratios exhibited fewer early menopause cases and were the only group in which late menopause was observed. This pattern strongly supports the hypothesis that a lower digit ratio, indicative of higher prenatal androgen exposure, is associated with an earlier onset of menopause. These findings are in agreement with the report by Ghosh et al. (2023), who found a significant association between low digit ratio and early age at menopause, with women experiencing early menopause showing lower mean digit ratios compared to those with later menopausal onset. The consistency between these studies, despite differences in population and sample characteristics, strengthens the evidence for digit ratio as a potential biomarker of reproductive ageing.
The present findings also align with the observations of Kirchengast et al. (2019), who reported a significant positive correlation between right-hand digit ratio and age at menopause, indicating that women with a more feminine digit ratio experienced menopause at a later age. Although the current study employed a categorical rather than correlational analytical approach, both studies converge on the conclusion that a higher, more feminine digit ratio is associated with delayed menopausal onset. This convergence suggests that prenatal estrogen dominance, reflected in higher digit ratios, may contribute to prolonged ovarian function and extended reproductive lifespan.
Furthermore, the association between low digit ratio and early menopause observed in this study is supported by broader evidence linking masculine digit ratios to increased susceptibility to hormonal and chronic disorders. Previous studies have demonstrated that a low second-to-fourth digit ratio may reflect heightened prenatal androgen exposure, which has been associated with various androgen-related traits and health outcomes (Klimek et al., 2016; Kirchengast et al., 2019; Mondal and Chakraborty, 2023). The relationship between digit ratio and reproductive milestones such as menarche and menopause has also been well documented, with several studies reporting that women with higher digit ratios tend to have longer reproductive lifespans, higher age at menopause, and greater reproductive success (Kirchengast et al., 2019; Tabachnik et al., 2020; Mondal and Chakraborty, 2023).
The biological mechanism underlying these associations may be rooted in prenatal hormonal programming. Higher prenatal androgen exposure, reflected by lower digit ratios, may accelerate ovarian follicular depletion or influence hypothalamic–pituitary–ovarian axis regulation, thereby predisposing women to earlier reproductive senescence. Conversely, a more feminine digit ratio, indicative of higher prenatal estrogen exposure, may support sustained ovarian reserve and delayed menopausal onset, as suggested by earlier reports linking digit ratio with fertility measures and reproductive outcomes (Klimek et al., 2016; Kirchengast et al., 2019; Mondal and Chakraborty, 2023).
In contrast to the findings of Ghosh et al. (2023), who reported no association between socio-demographic variables and age at natural menopause, the present study did not directly assess these variables. However, the significant association observed between digit ratio and menopausal age in this population suggests that prenatal biological factors may play a more dominant role than postnatal socio-demographic influences in determining menopausal timing. This further highlights the value of digit ratio as a stable, non-invasive anthropometric marker for predicting reproductive ageing.
4. CONCLUSION
The findings of this study contribute novel data from a Nigerian population and corroborate existing evidence that low digit ratio is associated with a higher likelihood of early menopause, whereas higher digit ratios are linked to normal or delayed menopausal onset. By aligning closely with previous studies while addressing a population that has been underrepresented in digit ratio research, this study strengthens the generalizability of the association between prenatal hormonal exposure and menopausal timing. These results underscore the potential utility of digit ratio in reproductive health research and may have implications for early identification of women at risk of premature or early menopause.
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