Second-to-Fourth Digit Ratio (2D:4D) Among the Ogoni and Andoni Ethnic Groups of Rivers State, Nigeria: A Comparative Anthropometric Study

Abstract
Background: The second-to-fourth digit ratio (2D:4D), calculated as the ratio of the length of the index finger (2D) to that of the ring finger (4D), is a widely studied anthropometric trait. Previous research has reported variation in 2D:4D according to sex, hand, and population, although the magnitude and consistency of these differences vary across populations.
Aim: This study investigated and compared the 2D:4D ratio among male and female participants of Ogoni and Andoni ethnic origin in Rivers State, Nigeria, with particular attention to sex differences, bilateral variation, and inter-ethnic differences.
Methods: A comparative cross-sectional study was conducted among 400 participants comprising 200 individuals of Ogoni origin and 200 individuals of Andoni origin. Each ethnic group consisted of 100 males and 100 females. Participants were adults aged 18–70 years. The lengths of the second and fourth digits of the right and left hands were measured directly using a digital Vernier caliper. The 2D:4D ratio was calculated by dividing the length of the second digit by the length of the fourth digit. Data were analysed using descriptive statistics and Student's t-tests.
Results: Among Ogoni participants, males had longer mean 2D and 4D lengths than females on both hands. However, sex differences in 2D:4D were not statistically significant for the right hand (p = 0.38) or left hand (p = 0.15). Similarly, among Andoni participants, males had longer mean digit lengths than females, while differences in 2D:4D were not significant for the right (p = 0.59) or left (p = 0.12) hand. Paired comparisons revealed no significant right-left differences in 2D, 4D, or 2D:4D among either ethnic group. Comparisons between Ogoni and Andoni participants also showed no statistically significant differences in 2D, 4D, or 2D:4D for either males or females.
Conclusion: The findings demonstrate sexual dimorphism in absolute second- and fourth-digit lengths but not in the 2D:4D ratio within the studied populations. The absence of significant bilateral and inter-ethnic differences suggests relative stability of 2D:4D among the Ogoni and Andoni participants studied. Further research involving additional Nigerian populations and larger, independently recruited samples is recommended.
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1. Introduction
The second-to-fourth digit ratio (2D:4D) is the ratio between the length of the second digit (index finger) and the fourth digit (ring finger) of the same hand. It is an established anthropometric measure that has received considerable attention in biological anthropology and related fields. Research interest in the measure has largely arisen from proposed associations between prenatal sex-steroid exposure, although the biological interpretation of the ratio remains an area of continuing investigation.
The ratio is calculated by dividing the length of the second digit by the length of the fourth digit. Because the two digits are measured from corresponding anatomical landmarks, the ratio provides a relative measure that can be compared between individuals and populations. Accurate measurement is important because differences between the lengths of the second and fourth digits may be small, and methodological differences can influence reported 2D:4D values. Direct measurement using anatomical landmarks and instruments such as digital calipers is one established approach.
Previous studies have reported sex-related differences in 2D:4D, with males often showing lower mean ratios than females. However, the magnitude of the difference varies between studies and populations. A large meta-analysis involving more than 25,000 participants found a moderate sex difference in 2D:4D, with lower ratios in males, while also reporting substantial heterogeneity across samples. The same analysis found that sex differences could vary according to the hand measured and measurement method.
Population differences have also been reported. Comparative studies involving different world populations indicate that both sex and population origin can contribute to variation in 2D:4D. This makes population-specific research important, particularly in populations that are underrepresented in anthropometric literature.
The Ogoni and Andoni are indigenous populations of Rivers State in the Niger Delta region of Nigeria. Despite the extensive anthropological and biomedical literature on human variation, population-specific information concerning 2D:4D among these groups remains limited. The present study therefore focused on comparing 2D:4D between Ogoni and Andoni participants and examining sex and bilateral differences within these populations.
Aim
The aim of this study was to measure, analyse and compare the second-to-fourth digit ratio (2D:4D) among individuals of Ogoni and Andoni ethnic origin in Rivers State, Nigeria.
Objectives
Determine the 2D:4D ratio among male and female Ogoni participants.
Determine the 2D:4D ratio among male and female Andoni participants.
Compare the mean 2D:4D ratios between Ogoni and Andoni participants.
Assess sex-related differences in 2D:4D within the two ethnic groups.
Assess differences between the right and left hands in the measured parameters.
2. Materials and Methods
2.1 Study Design
This study employed a comparative cross-sectional anthropometric design.
2.2 Study Population and Sample
The study included 400 participants, comprising 200 individuals of Ogoni ethnic origin and 200 individuals of Andoni ethnic origin. Each ethnic group consisted of 100 males and 100 females.
Participants were adults aged between 18 and 70 years. Individuals were included based on self-identification as belonging to either the Ogoni or Andoni ethnic group.
The study's calculated minimum sample size was 392 participants; 400 participants were ultimately included in the study.
2.3 Sampling Technique
A stratified sampling approach was used, with sex and ethnic group serving as the principal strata. The final sample was balanced across the two ethnic groups and sexes.
2.4 Inclusion and Exclusion Criteria
Participants were included if they identified as being of Ogoni or Andoni ethnic origin; were between 18 and 70 years of age; were male or female; and provided informed consent.
Individuals with mixed ethnic origin, visible hand deformities, finger injuries or amputations that could interfere with measurement were excluded. Individuals with known hormonal or endocrine conditions that could potentially affect digit development were also excluded.
2.5 Measurement Procedure
Participants were briefed about the study and informed consent was obtained before measurement.
The right hand was placed on a flat surface with the palm facing upward, followed by the left hand. The fingers were positioned straight and close together.
The length of the second digit was measured from the midpoint of the basal/palmar digital crease to the fingertip. The same approach was used to measure the fourth digit. Measurements were obtained using a digital Vernier caliper with a precision of 0.01 mm. The 2D:4D ratio was subsequently calculated as:
2D:4D = Length of 2D ÷ Length of 4D
The project reports that measurements were recorded for subsequent statistical analysis.
2.6 Ethical Considerations
The study reports that institutional approval was obtained from the University of Port Harcourt and that written informed consent was obtained from participants before participation.
2.7 Statistical Analysis
Data were entered into Microsoft Excel and subsequently analysed using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA). Descriptive statistics were used to summarise the measurements. Paired-sample t-tests were used to compare right- and left-hand measurements, while independent-sample t-tests were used to assess differences between sexes and between ethnic groups. Statistical significance was set at p < 0.05.
3. Results
3.1 Descriptive Characteristics
Among the Ogoni participants, males demonstrated greater mean absolute digit lengths than females.
For the right hand, mean 2D length was 6.79 ± 0.45 cm in males and 6.26 ± 0.43 cm in females, while mean 4D length was 7.73 ± 0.44 cm in males and 7.21 ± 0.43 cm in females.
The corresponding right-hand 2D:4D ratios were 0.88 ± 0.07 for males and 0.87 ± 0.08 for females.
For the left hand, mean 2D length was 6.78 ± 0.44 cm in males and 6.24 ± 0.42 cm in females, while mean 4D length was 7.68 ± 0.46 cm in males and 7.19 ± 0.42 cm in females. The corresponding 2D:4D ratios were 0.89 ± 0.07 and 0.87 ± 0.07, respectively.
Among Andoni participants, males also demonstrated greater mean absolute digit lengths than females. Right-hand mean 2D length was 6.73 ± 0.44 cm in males and 6.23 ± 0.45 cm in females, while mean 4D length was 7.78 ± 0.44 cm in males and 7.25 ± 0.38 cm in females.
The right-hand 2D:4D ratio was 0.87 ± 0.07 among males and 0.86 ± 0.08 among females. For the left hand, the corresponding ratios were 0.87 ± 0.08 and 0.85 ± 0.08, respectively.
3.2 Sex Differences
Among Ogoni participants, significant sex differences were observed in the absolute lengths of the second and fourth digits of both hands.
For the right hand, 2D differed significantly between males and females (t = 8.55, p < 0.001), as did 4D (t = 8.51, p < 0.001). Similar differences were observed for the left-hand 2D (t = 8.87, p < 0.001) and 4D (t = 7.94, p < 0.001).
However, the 2D:4D ratio did not differ significantly between males and females for either the right hand (t = 0.89, p = 0.38) or left hand (t = 1.45, p = 0.15).
A similar pattern was observed among Andoni participants. Significant sex differences were found in the absolute lengths of 2D and 4D on both hands, whereas the 2D:4D ratio did not differ significantly between males and females on the right (t = 0.55, p = 0.59) or left (t = 1.57, p = 0.12) hand.
3.3 Bilateral Differences
Paired-sample comparisons showed no statistically significant differences between right- and left-hand measurements among Ogoni participants.
For Ogoni males, the right-left comparisons were non-significant for 2D (p = 0.928), 4D (p = 0.445), and 2D:4D (p = 0.599). Among Ogoni females, corresponding p-values were 0.807, 0.723 and 0.997.
Among Andoni males, right-left differences were also non-significant for 2D (p = 0.532), 4D (p = 0.851), and 2D:4D (p = 0.683). Among Andoni females, the corresponding p-values were 0.832, 0.405 and 0.526.
3.4 Inter-Ethnic Comparison
Comparison between Ogoni and Andoni participants showed no statistically significant differences in any of the measured parameters.
Among males, there were no significant differences between the two ethnic groups in right-hand 2D (p = 0.37), right-hand 4D (p = 0.47), right-hand 2D:4D (p = 0.20), left-hand 2D (p = 0.84), left-hand 4D (p = 0.10), or left-hand 2D:4D (p = 0.20).
Among females, no significant differences were observed for right-hand 2D (p = 0.69), right-hand 4D (p = 0.45), right-hand 2D:4D (p = 0.42), left-hand 2D (p = 0.69), left-hand 4D (p = 0.07), or left-hand 2D:4D (p = 0.12).
4. Discussion
The present study investigated 2D:4D among 400 individuals from the Ogoni and Andoni ethnic groups and examined sex, bilateral and inter-ethnic differences.
The results demonstrated clear sex differences in absolute finger lengths. In both ethnic groups, males had longer second and fourth digits than females. This finding is consistent with the general pattern of sexual dimorphism in body dimensions and with previous 2D:4D research in which absolute digit lengths differ between males and females.
In contrast, the study found no statistically significant sex differences in the 2D:4D ratio itself. Although males tended to have slightly lower mean ratios than females in several comparisons, these differences did not reach statistical significance. The right-hand ratios among Ogoni males and females were 0.88 and 0.87, respectively, while the corresponding Andoni values were 0.87 and 0.86.
This finding differs from the broader literature, in which males frequently show lower 2D:4D ratios than females. However, substantial heterogeneity in the magnitude of the sex difference has been reported across populations. A large comparative study involving European, East African and Central Asian populations likewise demonstrated that population origin is an important predictor of 2D:4D, suggesting that findings from one population should not necessarily be generalized to another.
The absence of a significant sex difference in the present study therefore does not necessarily contradict previous research. Rather, it suggests that the magnitude of sexual dimorphism in 2D:4D may be relatively small in the populations examined and may not have reached statistical significance in this sample.
The study also found no significant right-left differences in 2D, 4D or 2D:4D among either ethnic group. This indicates that the measurements were broadly similar between hands in the present sample. Previous research has reported greater sex differences in right-hand 2D:4D than in left-hand 2D:4D, although bilateral patterns vary among studies. The absence of significant bilateral differences in the current sample therefore represents a population-specific finding rather than evidence that bilateral differences never occur.
Another important finding was the lack of significant differences between the Ogoni and Andoni groups. Neither males nor females showed significant inter-ethnic differences in 2D, 4D or 2D:4D.
The similarity between both groups could be attributed to their close geographical proximity within the Niger Delta region and possible historical and genetic interrelations. The absence of significant variation may reflect shared ancestral backgrounds or common environmental factors. However, anthropometric similarity alone cannot establish common ancestry, and genetic or historical studies would be required to investigate this possibility.
An important methodological strength of the study is its use of direct digital-caliper measurement rather than relying on self-measurement or indirect measurements from photocopies or scans. Methodological research has shown that the method used to obtain digit lengths can influence the resulting 2D:4D values, making consistency of measurement particularly important in comparative studies.
The sample size of 400 participants, with equal representation of the two ethnic groups and sexes, is another strength. Nevertheless, the study has limitations. First, the sample was restricted to Ogoni and Andoni populations and therefore cannot be assumed to represent all Nigerian populations. Second, the study focused on anthropometric measurements and did not collect hormonal, genetic or developmental data. Consequently, the observed digit ratios cannot be used to directly determine prenatal hormone exposure in individual participants. Third, although the sample exceeded the calculated minimum sample size, larger multi-centre studies involving additional ethnic populations would provide a broader basis for evaluating population variation.
5. Conclusion
This study investigated the 2D:4D ratio among Ogoni and Andoni populations in Rivers State, Nigeria.
The findings demonstrated significant sex differences in the absolute lengths of the second and fourth digits, with males having longer digits than females in both ethnic groups. However, no significant sex differences were observed in the 2D:4D ratio.
Similarly, no significant differences were observed between the right and left hands or between the Ogoni and Andoni ethnic groups in the measured 2D:4D ratios.
Overall, the findings indicate that while absolute finger lengths demonstrated sexual dimorphism in the study population, the 2D:4D ratio showed relative stability across sex, hand and ethnic group.
6. Recommendations
Further studies should include additional ethnic populations from Rivers State and other regions of Nigeria to provide broader population-specific reference data.
Larger samples should be used in future comparative studies to improve the ability to detect small differences in 2D:4D.
Future research may incorporate more precise imaging or digital measurement techniques alongside direct anthropometric measurement.
Studies investigating possible relationships between 2D:4D and biological variables should incorporate appropriate biochemical, genetic or developmental measures rather than inferring prenatal hormonal exposure from digit ratio alone.
Researchers should use standardized measurement procedures and clearly report the measurement technique because methodological differences can affect 2D:4D estimates.
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