ORIGINAL ARTICLE

Rheumatology Quarterly

DOI: 10.4274/qrheumatol.galenos.2023.65375
Rheumatology Quarterly 2023;1(2):45-50

SECOND-TO-FOURTH DIGIT RATIO (2D:4D) IN RHEUMATOID
ARTHRITIS: A CASE-CONTROL STUDY

® Mustafa Giir', ® Mesude Seda Aydogdu?, ® Rabia Piskin Sagir2, ® ibrahim Giindiiz2, ® Aylin Dolu Karaca?,
® Tuba Kaya Karatas®, ® Ramazan Fazil Akkoc*, ® Nevzat Gozel>, ® Ahmet Karatas?

TUniversity of Health Sciences Turkey, Elazig Fethi Sekin City Hospital, Clinic of Rheumatology, Elazig, Turkey
2Firat University Faculty of Medicine, Department of Rheumatology, Elazig, Turkey
3Firat University Faculty of Medicine, Department of Biochemistry, Elazig, Turkey
4Firat University Faculty of Medicine, Department of Anatomy, Elazig, Turkey
SFirat University Faculty of Medicine, Department of Internal Medicine, Elazig, Turkey

Abstract

Aim: The second-to fourth-digit ratio (2D:4D), the ratio of the second finger length to the fourth finger length, is associated with exposure
to prenatal sex steroids. Rheumatoid arthritis (RA) is more common in women, suggesting the effect of hormonal factors. The aim of the
present study was to determine whether 2D:4D, which is associated with sex hormone levels, is affected in patients with RA.

Material and Methods: Digital images of the right and left hands of 205 RA patients (mean age 47.8+11.3 years; 84% female) and 205 age
and gender matched healthy controls (mean age 47.3+11.6 years; 84% female) were obtained. 2D:4D was calculated by dividing the 2"
digit length by the 4" digit length. The 2D:4D difference between the right and left hand (AR-L 2D:4D) was obtained by subtracting the
left hand 2D:4D ratio from the right hand 2D:4D ratio.

Results: No difference was found between patients with RA and the control group in terms of the 2D:4D ratio in the right and left hand.
In female patients with RA, AR-L 2D:4D was higher compared with the control group. For both hands, the 2D:4D increase rate in women
compared to men was higher in patients with RA compared to the control groups.

Conclusion: The detected 2D:4D ratio differences suggest that prenatal estrogen/androgen balance may be altered in female patients
with RA. To the best of our knowledge, this is the first study to evaluate 2D:4D change in patients with RA.
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INTRODUCTION (3). Although the pathogenesis of RA is not fully understood,
the current consensus is that it occurs as a result of activation
of the immune system due to environmental factors in
individuals with genetic predisposition. The high prevalence
of RA in women suggests that hormonal factors play a role in
the development of the disease, and there are many arguments

Rheumatoid arthritis (RA) is the most common systemic,
autoimmune, and inflammatory rheumatic disease and affects
0.5-1% of the adult population. RA is approximately 4 times
more common in women (1,2), and the disease activation and
progression tend to be more serious in women than in men
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about this issue. Both factors related to low and high estrogen
exposure have been associated with increased RA risk. In general,
estrogens have pro-inflammatory effects and androgens have
anti-inflammatory effects (4). However, estrogens may have
different effects on different immune cells due to various factors
such as serum concentration and reproductive stage (5,6). In
animal experiments, estradiol suppresses T-cell autoimmunity,
stimulating the production of autoantibodies from B cells (7).
The 2D:4D ratio obtained by dividing the 2" digit length by the
4™ digit length is sexually dimorphic and lower in men than in
women. Manning et al. (8) suggested that the 2D:4D ratio was
associated with exposure to prenatal sex steroids. A low 2D:4D
ratio is associated with low prenatal estrogen and high androgen
levels, while a high 2D:4D ratio is associated with low prenatal
androgen and high estrogen levels (9). The relationship between
the 2D:4D ratio and prenatal sex steroids was found to be
stronger in the right hand. The difference between the right and
left hand 2D:4D ratio (AR-L 2D:4D) is also associated with high
prenatal estrogen and low androgen levels (10). This relationship
between exposure and prenatal sex steroids and the 2D:4D ratio
have also been reported in animal experiments. These studies
showed that gender differences in the 2D:4D ratio were due to
the balance between prenatal testosterone and estrogen during
fetal digit development (11,12). Studies investigating early-life
risk factors in autoimmune diseases that develop in adult life,
such as RA are few. These studies have investigated many factors
such as birth weight, breastfeeding status, and infections in early
life (13). Similarly, there are very few studies on the relationship
between hormonal environment and RA in the prenatal period,
and the sample size is very small in these studies (14-16). Since
it is difficult to evaluate hormones in the prenatal period for
ethical and technical reasons, the 2D:4D ratio can indirectly
provide information about the prenatal hormonal environment.
Therefore, the aim of this study was to compare the 2D:4D ratio
between patients with RA and healthy controls.

MATERIAL AND METHODS

Participants

This case-control included 205 consecutive patients who applied
to the rheumatology clinic at Firat University Hospital between
2019 and 2020 and were diagnosed with RA according to the
American College of Rheumatology/European League Against
Rheumatism 2010 RA classification criteria. The control group
consisted of 205 patients who applied to the rheumatology
clinic with the complaint of joint pain in the same period and
were compatible with the RA group in terms of age and gender.
The patients in the control group did not have inflammatory
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rheumatic disease or systemic disease in the evaluations and
follow-ups, and the autoantibody profile was negative for RA.
Participants with a disorder in the fingers that would affect
digit measurement, such as arthritis, deformity, and scars, and
participants with a previous history of surgery on the upper
extremity were excluded from the study. Basic demographic data
of the participants were recorded.

Ethical approval was obtained from the Ethics Committee of
Firat University (decision no: 06, date: 05.01.2018). Informed
consent was obtained from all patients before the study.

Measurements

The palmar side of the hands of all participants was scanned
by a researcher blinded to the study groups (S.H.) with the
same digital scanner in accordance with previous literature
recommendations and the image of both hands was obtained.
Participants were informed about the procedure before the
scan and were asked to place their hands firmly on the scanner
without applying too much pressure and with all fingers straight,
and not to move their hands during the scan (17,18). All images
were examined to determine if the folds on the base of the
finger were clearly visible. If not, the hands were rescanned.
Measurements of the second and fourth digit lengths were made
from digital images by two independent researchers (M.G. and
A.K.) who were blinded to the study groups. The distance from
the midline of the 2" and 4" digit basal fold to the fingertips
was measured. Each finger was measured three times and the
measurements were averaged. Then, the 2" and 4" digit lengths
were determined by averaging the results of the two researchers.
2D:4D was calculated by dividing the 2" digit length by the 4t
digit length. AR-L 2D:4D was obtained by subtracting the left
hand 2D:4D ratio from the right hand 2D:4D ratio. The height
and body weight of all participants were measured and the Body
Mass Index (BMI) [body weight (kg)/height*(m?)] was calculated.

Statistical Analysis

Statistical analysis was conducted using the Statistical Package
for the Social Science (SPSS) 26 program. Intraclass correlation
coefficients (ICCs) were calculated for the second and fourth
digit lengths in men and women to assess the reliability of digit
length measurements. Descriptive statistics were presented as
number, percentage, mean * standard deviation. Kolmogorov-
Smirnov test was used to test whether the data were normally
distributed or not. Pearson correlation test was used to evaluate
the correlation between height, weight, BMI, and 2D:4D ratio.
Student's t-test was used to compare the 2P:4P ratio in men
and women between the RA and control groups. The receive
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operating characteristic (ROC) mode was used to detect the
prediction performance of 2D:4D ratio and AR-L 2D:4D for RA.
P<0.05 was considered statistically significant in all analyses.

RESULTS

The demographic characteristics, height, body weight, and BMI
values of the RA and control groups are summarized in Table 1.
No statistical difference was found between the RA and control
groups in terms of age and gender characteristics (p>0.05). While
body weight and BMI were higher in the control group, height
was significantly higher in the RA group (p=0.002, p<0.001 and
p<0.001, respectively). In both the RA and control groups, the
2" and 4™ digit lengths measured for the right and left hand
were normally distributed. ICC were computed to determine
inter-rater reliability. 1CC for right - hand 2" digit lengths was
calculated as 0.920 and 0.932, respectively, and ICC for left - hand
4™ digit lengths was calculated as 0.927 and 0.926, respectively.
These results indicated that the measurements were highly
similar and reliable. No statistically significant correlation was

Table 1. Demographic characteristics of the study groups

Parameter RA Control p value
Number 205 205
Age (mean * SD) 4781113 | 47.3+11.6 0.648

Gender

Males (%) 34 (16) 34 (16)

Females (%) 171 (84) 171 (84)

Weight (kg) 71.8+12.6 | 75.8£14.0 | 0.002
Height (cm) 164.247.8 | 160.2+7.8 | <0.001

BMI 26.7+4.9 29.6£5.7 <0.001

RA: Rheumatoid arthritis, SD: Standard deviation, kg: kilogram, cm:
centimeter, BMI: Body Mass Index

found between the 2D:4D ratio and height, weight, and BMI
for both hands (p>0.05). Measurements in male and female
patients in the RA and control groups are summarized in Table 2.
When all patients were evaluated, 2D:4D ratios for the right and
left hand were higher in women (right hand: 0.956+0.304; left
hand: 0.958+0.323) compared to men (right hand: 0.946+0.324;
left hand: 0.946+0.334) (p=0.015 and p=0.07, respectively).
No significant difference was found between the 2D:4D ratios
for the right and left hand between the two groups (p>0.05).
AR-L 2D:4D values were significantly higher in the RA group
compared to the control group (p=0.004). In men and women,
no significant difference was found between the 2D:4D ratios for
the right and left hand between the two groups (p>0.05). AR-L
2D:4D values in women were significantly higher in the RA group
compared to the control group (p=0.011). In addition, the 2D:4D
ratio of women in the RA group was 1.35% higher in the right
hand and 1.67% higher in the left hand compared to the men,
while it was 0.73% higher in the right hand and 0.83% higher in
the left hand in the control group. ROC analysis showed that of
AR-L 2D:4D was predictive for the diagnosis of RA [area under
the curve (AUQ): 0.574, 95% confidence interval (Cl): 0.517-0.630,
p=0.011]. For -0.002 cut-off value of AR-L 2D:4D, sensitivity and
specificity was 53% (Figure 1). The AUC for the right hand 2D:4D
ratio in patients with female RA was 0.543 (95% Cl: 0.481-0.604,
p=0.174) but not meaningful. The optimal cutoff point of the
right hand 2D:4D ratio in female patients for RA was 0.953 with
sensitivity of 54% and specificity of 53% (Figure 2).

DISCUSSION

According to the results obtained in this study, no significant
difference was found between the RA group and the control
group in terms of the left and right hand 2D:4D ratio of male and
female patients. In women, AR-L 2D:4D values were higher in the

Table 2. Comparison of digit ratios of patients with RA and the control group

Parameter (mean * SD) RA Control p value
Both gender right-hand 2D:4D 0.956%+0.297 0.953%+0.341 0.271
Female right-hand 2D:4D 0.958+0.288 0.954+0.317 0.163
Male right-hand 2D:4D 0.945%+0.321 0.947+0.331 0.758
Both gender left-hand 2D:4D 0.954+0.342 0.958+0.313 0.210
Female left-hand 2D:4D 0.957%+0.331 0.959+0.317 0.423
Male left-hand 2D:4D 0.941£0.371 0.951£0.289 0.202
Both gender AR-L 2P:4P 0.002%0.026 -0.005%0.023 0.004
Female AR-L 2P:4P 0.002£0.257 -0.004£0.024 0.011
Male AR-L 2P:4P 0.004%0.026 -0.004£0.021 0.178
RA: Rheumatoid arthritis, SD: Standard deviation, 2D:4D: Ratio of the second-to-fourth digit length, AR-L 2P:4P: Right hand 2D:4D-left hand 2D:4D
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Figure 1. Receiver operating characteristic curve for

predictive value of AR-L 2D:4D in rheumatoid arthritis
patients
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Figure 2. Receiver operating characteristic curve for

predictive value of the right hand 2D:4D ratio in female
rheumatoid arthritis patients

RA group than in the control group. In the RA group, the rate of
increase in the 2D:4D ratio between men and women was higher
compared with the control group. To the best of our knowledge,

this is the first study in the literature comparing 2D:4D ratios
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of patients with RA with a healthy control group. In general,
studies show that factors related to the reduction of estrogens
are risk factors for RA, whereas factors related to high exposure
to estrogens are protective against RA (19). The postmenopausal
period and anti-estrogen drug use reduce estrogen levels. The
increased risk of seronegative RA development during the
postmenopausal period has been shown in various studies
(20,21). The use of selective estrogen receptor modulators and
aromatase inhibitors, which are anti-estrogen drugs, has been
associated with the development of RA depending on the dose
and duration (22).

Oral contraceptive (OCC) use and hormone replacement therapy
(HRT) are among the situations that increase estrogen exposure.
The relationship between OCC use and RA is controversial
(19). Meta-analyses investigating the relationship between RA
development and OCC found no significant relationship (23-25).
Previous studies reported that OCC was predominantly protective
against RA, which was associated with higher estrogen doses at
the time of these studies (25). In general, the available evidence
supports the protective effect of 0CCs against RA, especially when
used for a long time or at high doses. In a case—control study on
HRT, a protective relationship was reported between the use of
combined HRT and anti-citrullinated peptide antibody positive
RA. However, this relationship could not be demonstrated
in HRT containing only estrogen (26). In situations such as
pregnancy and breastfeeding, multiple hormone changes are
seen. Pregnancy is a condition characterized by high estrogen
exposure, but these effects are modified with other hormones
such as high levels of progesterone. Cohort studies reported
that pregnancy is protective against RA development (27,28).
Breastfeeding was shown to be associated with a decrease in RA
risk (29,30). A systematic review reported that breastfeeding for
more than 12 months is protective against RA (31). In contrast,
the postpartum period in which estrogen levels decreased was
associated with an increased RA risk (28,32).

Androgens suppress peripheral mononuclear cell activity and
inhibit the differentiation of Th1 and Th17 (23). Androgen levels
were found to be lower in men with RA compared with healthy
controls (33,34). Men and women diagnosed with RA had a
lower androgen/estrogen ratio (35). It was reported that men
with hypogonadism had higher RA risk compared with those
without hypogonadism (36). Although there are limited studies
on androgen levels in patients with RA during the preclinical
period, it was shown that androstenedione levels were lower
in women in the period before RA diagnosis compared to the
control group (37). Systemic estrogen/androgen ratio is increased
in patients with RA. In patients with RA, the estrogen/androgen
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ratio in synovium is also increased and is higher than in the
systemic circulation (38). There are no clinical trials investigating
estrogen/androgen ratio in the prenatal period in patients with
RA. The 2D:4D ratio, which is an indirect indicator of estrogen/
androgen ratio during this period, may provide information
about the hormonal environment in the prenatal period
in patients with RA. According to the results of this study, no
significant difference was found in the 2D:4D ratio in both hands
between patients with RA and the control group. However, the
change in the 2D:4D ratio between men and women was greater
in the RA group. The relationship between sex steroids and digit
length was stronger in the right hand. Therefore, high AR-L
2D:4D is associated with an increased estrogen/androgen ratio
(8). In this study, AR-L 2D:4D values in women were higher in
the RA group than in the control group. These results suggest
that the estrogen load in the prenatal period may be higher in
patients with RA. It can also be an indirect evidence of increased
estrogen/androgen ratio in patients with female RA during the
prenatal period.

Study Limitations

This study has certain limitations. First, it should be remembered
that the 2D:4D ratio is not a direct but rather an indirect indicator
of the prenatal hormonal environment. Second, measuring digit
lengths indirectly using digital images reduces digit length ratios
and reduces the strength of the study (39). The high number of
patients included in the study and the measurements made by
two independent researchers who were blinded to the study
groups are the strengths of the present study.

CONCLUSION

Many factors play a role in RA pathogenesis. The effect of hormonal
factors on RA pathogenesis is complex, but, in eneral, systethe
systemicogen/androgen ratio is increased in patients with RA.
In RA patients, the AR-L 2D:4D value in women and the rate of
increase in the 2D:4D ratio in women compared to men was higher
compared to the control group. These results suggest that the sex
steroid balance may be more predominantly altered in female
patients diagnosed with RA, especially during the prenatal period.
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