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ABSTRACT. Objective. Systemic lupus erythematosus (SLE) occurs predominantly in women, and sex hormones
play an important role in SLE. Variation in the second-to-fourth digit ratio (2D4D ratio) is attributed
to sex hormone exposure. Therefore, we evaluated the relationship between sex hormones and SLE
by measuring 2D4D ratios.
Methods. We measured 2D4D ratios in 100 patients with SLE and 200 normal healthy controls
(NHC).
Results. Patients with SLE had a lower 2D4D ratio than NHC. 
Conclusion. Our study suggests that patients with SLE have experienced high prenatal testosterone
and low prenatal estrogen. To our knowledge, this is the first study evaluating the association between
2D4D ratio and SLE. (First Release March 1 2015; J Rheumatol 2015;42:826–8; doi:10.3899/
jrheum.140974)
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In human hands, the relative lengths of index and ring
fingers differ between men and women, such that men have
a lower second-to-fourth digit ratio (2D4D ratio) than
women. Baker reported this characteristic in 18881;
however, the reason for this difference was unknown at that
time. In 1998, Manning, et al reported that the 2D4D ratio
was linked to sex hormones2. Many reports about the 2D4D
ratio have been published since then.

The 2D4D ratio is considered stable over time3.
Interestingly, a low 2D4D ratio may reflect prenatal
exposure to high testosterone and low estrogen levels2.
Moreover, 2D4D ratio depends on the androgen receptors
and estrogen receptors situated in the index and ring
fingers4.

Accumulating reports have indicated an association
between the 2D4D ratio and the etiology of sex-biased
diseases, including Klinefelter syndrome5, schizophrenia6,
amyotrophic lateral sclerosis7, myocardial infarctions8,
gastric cancer9, prostate cancer10, breast cancer11, and oral
squamous cell carcinoma12. 

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease that affects multiple organs. The
etiology of SLE is still unknown, but SLE occurs predomi-
nantly in women, and sex hormones are believed to play an
important role in the pathogenesis of this disease. Patients
with SLE are reported to have high estrogen levels13, and
17β-estradiol (E2) increases the production of immuno-
globulin G (IgG) and anti-dsDNA antibodies from
peripheral blood mononuclear cells (PBMC) in patients with
SLE14. However, to date, there are no reports concerning the
2D4D ratio in patients with SLE or other connective tissue
diseases. Therefore, we conducted this study to investigate
the association between the 2D4D ratio and the etiology of
SLE disease onset.

MATERIALS AND METHODS
Our study was approved by our local ethics committee in Juntendo
University. Ambulatory patients with SLE were recruited at the Juntendo
University hospital and its satellite hospitals, and these patients provided
informed consent. All patients fulfilled the American College of
Rheumatology criteria for SLE15. The normal healthy controls (NHC) were
matched as closely as possible for age and sex, and they lacked any family
history of autoimmune diseases. A total of 100 patients with SLE (50 men,
50 women) and 200 NHC (100 men, 100 women) participated in the
present study. The samples were divided into 4 groups: male SLE group
(SLE-M), female SLE group (SLE-W), male NHC group (NHC-M), and
female NHC group (NHC-W). A digital camera was used to collect the
images of both hands with a cross-section sheet, and digital length was
measured from the proximal crease of the digit to the tip using the
measurement tool in Adobe Photoshop (Adobe Systems Inc.). The lengths
of the index and ring fingers were measured 3 times, and the average was
used. The 2D4D ratio was calculated as the length of the index finger
divided by that of the ring finger. The 2D4D ratios in both the right and left
hands were analyzed. Statistical analysis was performed in the 4 groups
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using the Mann-Whitney U test, and to investigate the association between
the 2D4D ratio and SLE, simple and multivariate analyses were used.
Intraclass correlation (ICC) of the repeated measures of the 2D4D ratio was
performed to investigate the repeatability. A p value < 0.05 was considered
statistically significant.

RESULTS
Three hundred images of the subjects were collected
(SLE-M: 50, SLE-W: 50, NHC-M: 100, NHC-W: 100). The
mean ± SD age (yrs) was 41.16 ± 13.93, 42.44 ± 14.58,
38.36 ± 8.37, and 31.46 ± 8.69 in the SLE-M, SLE-W,
NHC-M, and NHC-W groups, respectively. ICC was 0.989,
0.989, 0.991, and 0.990 for the 2D in the right and left hands
and the 4D in the right and left hands, respectively. This
indicated strong similarity and high reliability in our
measurements. The calculated 2D4D ratios for the 4 groups
are shown in Table 1. Generally, the 2D4D ratio is believed
to be lower in men than in women. As expected, our data
indicated that the 2D4D ratio in the NHC-W group was
significantly higher than that of the NHC-M group on both
the right (p = 0.0051) and left hands (p = 0.0024).
Interestingly, when evaluating the right hand, the 2D4D
ratio in the SLE-M group was significantly lower than that
of the NHC-M (p < 0.0001) and NHC-W groups (p <
0.0001); however, no significant difference was found
between the SLE-M group and the NHC-M when evaluating
the left hand (p = 0.3929). In addition to the SLE-M group,
the 2D4D ratio in the SLE-W group was significantly lower
than that in the NHC-W group when evaluating both the
right and left hands (p = 0.014 and 0.0179, respectively).
The results of simple and multivariate regression analyses
are shown in Table 2. For the right hand, the 2D4D ratios of
the SLE groups were statistically significantly lower when
compared to that of NHC groups (β –0.025, 95% CI –0.035
to –0.015). Coefficient (β) of the SLE groups remained
significantly lower even after adjusting for sex (β –0.025,
95% CI –0.034 to –0.015). For the left hand, however,
significant difference was not observed between the SLE
and NHC groups.

DISCUSSION
Manning, et al reported that the 2D4D ratio is associated
with sex hormones, and that a lower 2D4D ratio reflects a
high exposure of prenatal serum to testosterone and a low

exposure to estrogen2. Thereafter, several papers have
reported on the 2D4D ratio in sex-biased dis-
eases5,6,7,8,9,10,11,12. However, to our knowledge, there have
been no reports concerning the 2D4D ratio in connective
tissue diseases, including SLE. We believe that this is the
first report on the 2D4D ratio in patients with SLE.

In our present study, we clarified that both men and
women with SLE have a lower 2D4D ratio than NHC of the
same sex. Therefore, all patients with SLE are expected to
have been exposed to high testosterone and low estrogen
levels at birth. However, Folomeev, et al reported elevation
of serum estrogen levels in patients with SLE13. Kanda, et al
also reported that E2 increased the production of IgG,
including anti-dsDNA antibodies in the PBMC of patients
with SLE14. Moreover, on the contrary, testosterone has
been reported to suppress anti-dsDNA antibody produc-
tion16. Roubinian, et al also reported that estrogen levels
increased IgG anti-dsDNA antibody production and testos-
terone reduced the serum anti-DNA antibody level in
SLE-prone (New Zealand black × New Zealand white) F1
mice17. These reports have indicated the protective effects
of testosterone and the deleterious effects of estrogen in
SLE. However, our data indicated that exposure to high
levels of testosterone and low levels of estrogen in the
prenatal period was associated with SLE pathogenesis. This
contradiction was reported in myocardial infarction (MI).
Men have greater rates of MI than women, and it was
expected that the patients with MI have low 2D4D ratio.
However, men with low 2D4D ratio were protected against
early MI8. This contradiction may be explained by the
hypothesis that the amount of change in the exposure to
estrogen plays an important role in the etiology of SLE
onset. Aromatase is a cytochrome P-450 enzyme that
catalyzes the conversion of sex hormones from androgens to
estrogens. Folomeev, et al reported an increase in aromatase
activity in patients with SLE compared with that in control
subjects, and the aromatase activity in patients with SLE
was significantly and directly correlated with estrogen
levels13. Greenstein, et al reported the efficacy of the
aromatase inhibitor in female MRL/MP-lpr/lpr mice with
lupus nephritis18. The hypothesis suggested by our results is
that patients with SLE have high levels of testosterone and
low levels of estrogen in the early prenatal period. As a

Table 1. Comparison of the 2D4D ratios between the 4 groups.

Sex Group Right Hand Left Hand
Mean SD 95% CI Mean SD 95% CI

Males NHC 0.947 0.044 0.938–0.956 0.958 0.042 0.950–0.967
SLE 0.914* 0.041 0.902–0.925 0.955 0.043 0.943–0.968

Females NHC 0.963 0.031 0.956–0.969 0.977 0.037 0.970–0.984
SLE 0.946* 0.043 0.934–0.958 0.963* 0.046 0.950–0.976

* Statistically significant (p < 0.05) versus NHC. 2D4D ratio: second-to-fourth digit ratio; NHC: normal healthy controls; SLE: systemic lupus erythematosus.
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result, an increase in aromatase activity leads to high
estrogen levels, which triggers later SLE disease onset.

Our study had some limitations. First, the 4 groups were
not age-matched. However, this may be irrelevant because
the 2D4D ratio stabilizes over time3. Second, the sample
size was small. Further comparative studies with larger
patient groups are needed to confirm our findings. Third, the
2D4D ratio on the left hand was not significantly different
between the SLE-M and NHC-M groups. However, this
may be irrelevant because several studies evaluated 1 hand
only6,9,11,19. Moreover, Zheng and Cohn reported that the
2D4D ratio on the right hand is more sensitive to prenatal
sex hormones than that on the left hand4.

We demonstrated that patients with SLE have a lower
2D4D ratio than NHC of the same sex. This is the first
report, to our knowledge, concerning the association
between the 2D4D ratio and the etiology of SLE. The
amount of change in sex hormone levels during the fetal
period may be important in the pathogenesis of SLE.
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Table 2. Association between the 2D4D ratio and SLE by sex and hand.

Hand Group Sex Coefficient 95% CI p Coefficient Adjusted 95% CI p
by Other

Right SLE negative 1 — — 1 — —
SLE positive –0.025 –0.035 to –0.015 < 0.001 –0.025 –0.034 to –0.015 < 0.001

Males 1 — — 1 — —
Females 0.021 0.012–0.030 < 0.001 0.021 0.012–0.030 < 0.001

Left SLE negative 1 — — 1 — —
SLE positive –0.085 –0.019 to –0.015 0.096 –0.009 –0.019 to –0.0013 0.088

Males 1 — — 1 — —
Females 0.0151 0.0058–0.0244 < 0.01 0.015 0.0058–0.0245 < 0.01

2D4D ratio: second-to-fourth digit ratio; SLE: systemic lupus erythematosus.
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