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Abstract

Digit ratio (2D:4D) is a biomarker of prenatal hormone exposure levels; this biomarker is negatively related to prenatal
androgen exposure and positively related to prenatal estrogen exposure. We investigated the correlation between digit ratio
(2D:4D) and blood pressure. A school-based survey of 687 adolescents aged 8—15 years was conducted. The ring finger (4D)
and index finger (2D), systolic blood pressure (SBP), diastolic blood pressure (DBP), testosterone, and estradiol levels were
measured. Their dietary behaviors and physical and sedentary activity time were surveyed. The results showed the 2D:4D
ratio was not significantly related to SBP, DBP, or testosterone in boys and girls. However, it was significantly positively
correlated with serum estradiol levels in boys. The 2D, 4D, multiplied index of digit ratio and length (MIDRL) and average
of the index finger and ring finger (AIR) were directly related to SBP in both sexes (s in boys were 4.16, 5.49, 2.95, and
5.25, respectively, P<0.01; s in girls were 3.43, 2.71, 3.02, and 3.36, respectively, P <0.01) and were also indirectly
associated with SBP through testosterone (P <0.05). The 2D, 4D and AIR were indirectly related to DBP in girls through
testosterone (P < 0.05). In conclusion, there were direct and indirect associations between finger-length indicators and blood
pressure, which implies that prenatal hormone levels might be correlated with blood pressure in children and adolescents.
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Introduction

Hypertension in children and adolescents has become a
public health issue worldwide [1-4]. Some studies have
shown that higher blood pressure in children and adoles-
cents can increase their risk of adult hypertension [5-7] as
well as the incidence and rate of mortality from cardio-
vascular disease [8, 9]. The prevalence of high blood
pressure in 122,053 adolescents was 11.2-13% in boys and
9.6% in girls, based on 55 worldwide studies [10]. The
incidence of hypertension in children and adolescents has
been often overlooked in daily life, and therefore, children
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and adolescents with high blood pressure need more
attention [9].

It is well known that the risk factors for hypertension
include genetics, a poor diet, a lack of physical activity, and
other environmental factors. Since the hypothesis of a fetal
origin of adult diseases was proposed by Professor Barker,
an adverse environment for the fetus has been considered
one of the important factors related to adult diseases [11].
Some animal-based studies showed that prenatal exposure
to excess androgens can lead to diseases such as insulin
resistance and hypertension [12, 13]. The digit ratio (2D:
4D) is an biomarker for sex hormone exposure in mothers
and is associated with high levels of testosterone in the
mother’s body during pregnancy [14]. A low 2D:4D has
been commonly suggested to occur due to high prenatal
testosterone exposure, while a high 2D:4D indicates low
prenatal testosterone exposure [15]. Researchers have
speculated that androgens in the mother’s uterus during
embryonic development might have a certain stimulating
effect on the growth of 4D, while estrogen might stimulated
the growth of 2D [16]. Manning et al. [17, 18]. confirmed
that the 2D:4D ratio was negatively correlated with
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circulating androgens in boys and was positively correlated
with circulating estrogen in boys and girls. In addition, a rat
experiment confirmed these results [19]. Circulating sex
hormones play important roles in regulating blood pressure.
However, there are few studies on the associations between
finger length indicators and blood pressure in children and
adolescents.

The purpose of this study was to analyze the association
between finger length indicators, such as 2D:4D, and blood
pressure in children and adolescents, thus indirectly show-
ing a potential correlation between prenatal hormone levels
and childhood blood pressure.

Materials and methods
Participants

A total of 692 children and adolescents aged 8—15 years
were recruited from two nine-year system schools using
stratified cluster sampling. The participants were stratified
by grades and clustered by classes. The effective number
was 683 (98.7% of efficiency), 365 were boys (53.6%), and
318 were gitls (46.4%).

Measurements

Medical staff with standardized training were recruited to
measure and survey the participants. The length of the
index finger (2D) and ring finger (4D) on the left hand
were measured with Vernier calipers, and the reading was
accurate within 0.01 cm. The participants were asked to
keep their fingers straightened and to hold their palms
upwards (excluding any finger deformity). One end of the
Vernier caliper was aligned with the finger near the palm,
while the other end was aligned with the fingertip. Mul-
tiplying the index of the digit ratio and length was per-
formed as follows: (MIDRL) = ((2D + 4D)/2) x (2D/4D).
The average of the index and ring finger was calculated as
follows: (AIR) = (2D + 4D)/2. The participants had their
blood pressure measured using a mercury sphygmoman-
ometer. Before measuring their blood pressure, the parti-
cipants were prohibited from doing strenuous exercise and
rested for 10 min. Then, we measured the blood pressure
of the right arm two times in a sitting posture, and the
second measurement was taken after an interval of 2 min.
The final measure recorded was the average of the mea-
sured blood pressures. Hearing a Korotkoff I sound was
defined as the systolic blood pressure (SBP) and the
Korotkoff V sound was defined as the diastolic blood
pressure (DBP). Radioimmunoassays were used to mea-
sure the circulating testosterone and estradiol using a
DFM-96 10 tube radioimmunegamma counter and an

estrogen and testosterone kit provided by the DIA source
company.

Dietary behaviors were investigated by a homemade
food frequency questionnaire, which including frequency of
breakfast, milk, eggs, fruits, fresh vegetables, nuts, eating
out, carbonated drinks, fried foods, Western-style fast food,
and high-energy snacks. Each item on the dietary behaviors
questionnaire was assigned O points for never, 0.25 points
for 1 time per month, 0.5 points for 2 times per month, 2
points for 1-3 times per week, 5 points for 4-6 times per
week, and 7 points for 1 time per day. Total scores for
healthy dietary behaviors and risky dietary behaviors were
calculated. Healthy dietary behaviors included breakfast,
milk, eggs, fruits, fresh vegetables, and nuts; risky dietary
behaviors included eating out, carbonated drinks, fried
foods, Western-style fast food, and high-energy snacks.
Physical and sedentary activities were investigated by a
class questionnaire [20].

Statistical analysis

Epdiata 3.1 was used for double-entry data. SPSS 23.0
(SPSS Inc., Chicago, IL,USA) was used for statistical
analysis. We used the mean + standard deviation or median
(interquartile range) for statistical descriptions of all of the
variables, and the differences between the sexes were ana-
lyzed using r-tests or Wilcoxon rank tests. The correlations
between finger length indicators and testosterone, estradiol,
and blood pressure were analyzed by partial correlation
after adjusting for their ages. The correlations among diet-
ary behaviors score and physical activities and blood pres-
sure, testosterone and estradiol were analyzed by Spearman
rank correlation analysis. The mediating effects of testos-
terone and estradiol on the association between finger-
length indicators and blood pressure were analyzed using
multiple linear regression analysis. As shown in (Fig. 1), the
independent variable X was the finger length indicators,
including 2D, 4D, MIDRL, and AIR, while the dependent
variable Y was blood pressure. The mediator variables M
were testosterone or estradiol. ¢ was the total effect of X on
Y, including the direct effect (c') and the indirect effect (ab),
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Fig. 1 The mediating effects of testosterone and estradiol on associa-
tions between finger length index and blood pressure
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Table 1 Comparisons of finger-

length indicators, sex hormones, Variables Boys (n=365) Girls (n =318) vz b

dietary behaviors, physical Age (years) 11.29+1.79 11.46+1.82 124 0216

activities time, and blood

pressure between sexes SBP (mmHg) 103.90+11.43 100.22 +9.21 6.45 0.001
DBP (mmHg) 65.68 +8.93 65.65+8.19 0.06 0.956
2D (cm) 6.36 +0.62 6.37+0.53 0.40 0.690
4D (cm) 6.55+0.64 6.60 +0.53 1.29 0.198
2D:4D 0.971 £0.03 0.966 + 0.04 220 0.028
MIDRL (cm) 6.27 £0.65 6.26 +0.56 0.02 0.982
AIR (cm) 6.45+0.62 6.49 +£0.52 0.92 0.359
Ln E2 (mmol/L) 2.01+1.34 297 +1.57 8.46 0.000
Ln TTE (mmol/L) 4.15+1.58 3.43+1.01 7.20 0.000
Healthy diet behavior (time/week) 32.0(11.0) 31.0(11.3) 1.97 0.049
Risky diet behavior (time/week) 10.8(12.8) 8.7(9.8) 3.40 0.001
Moderate-to-vigorous physical Activities time 55.7(66.7) 48.9(57.1) 1.68 0.093
(min/day)
Sedentary activities time (min/day) 117.1(150.9) 142.5(151.6) 2.64 0.008

MIDRL means Multiplying index of digit ratio and length, MIDRL = ((2D + 4D)/2) x (2D/4D); AIR means

Average of index and ring finger, AIR = (2D +4D)/2

a was the effect of X on M, and b was the effect of M on Y
after adjusting for X. The Sobel method was used to test the
indirect effect (ab).

Results

The study effectively surveyed 683 primary and secondary
school students, including 365 boys (53.4%) and 318 girls
(46.6%). The youngest participant was 6.64 years, and the
oldest participant was 15.94 years. The average age was
11.37 years. As shown in Table 1, there was no significant
difference in age between boys and girls (P>0.05). The
SBP, 2D:4D, testosterone, healthy dietary behaviors, and
risky dietary behaviors in boys were significantly higher
than those in girls (P <0.05). The levels of estradiol and
sedentary activities in boys were lower than those in girls
(P<0.01).

As shown in Tables 2, 4D, AIR, and testosterone were
positively related to SBP and DBP in boys and girls,
respectively (P <0.05). 2D and MIDRL were significantly
correlated with SBP in boys and girls (P < 0.05). Circulating
estradiol was negatively correlated with DBP in girls (P <
0.05). However, there were no significant associations
between 2D:4D and SBP and DBP in boys or girls (P>
0.05).

As shown in Table 3, there were positive correlations
between 2D, 4D, MIDRL, AIR, estradiol and testosterone in
boys and girls (P < 0.05). The 2D:4D ratio was significantly
positively correlated with estradiol in boys (P <0.05).

A multiple linear regression analysis was conducted to
analyze the mediating effects of testosterone in the

SPRINGER NATURE

Table 2 The associations between finger-length indicators, sex
hormones, and blood pressure in children and adolescents

Boys Girls

SBP DBP SBP DBP
Variables r P r P r P r P
2D 0.22 0.000 0.11 0.054 0.20 0.000 0.11 0.054
4D 0.26 0.000 0.13 0.019 0.18 0.002 0.12 0.046
2D:4D —0.05 0.341 —-0.03 0.571 0.04 0.518 —0.01 0.818
MIDRL 0.19 0.001 0.09 0.107  0.19 0.001 0.10 0.093
AIR 0.25 0.000  0.12 0.026  0.20 0.001 0.12 0.040
Ln E2 —0.07 0.188 —0.03 0.585 —0.09 0.128 —0.14 0.011
LnT 0.19 0.000 0.13 0.016  0.19 0.001 0.19 0.001

MIDRL means Multiplying index of digit ratio and length, MIDRL =
((2D 4 4D)/2) x (2D/4D); AIR means Average of index and ring
finger, AIR = (2D +4D)/2

Table 3 The associations between finger-length indicators and sex
hormones in children and adolescents

Boys Girls

Ln E2 LnT Ln E2 LnT
Variables r P r P r P r P
2D 0.17 0.001 0.23 0.000  0.22 0.000  0.22 0.000
4D 0.11 0.030 0.25 0.000  0.24 0.000  0.23 0.000
2D:4D 0.11 0.038 —-0.02 0.771 —0.04 0.480 —0.02 0.762
MIDRL 0.18 0.001 0.21 0.000  0.19 0.001 0.19 0.001
AIR 0.15 0.005 0.25 0.000  0.24 0.000  0.24 0.000

MIDRL means Multiplying index of digit ratio and length, MIDRL =
((2D 4 4D)/2) x (2D/4D); AIR means Average of index and ring
finger, AIR = (2D +4D)/2
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Table 4 The mediating effects of testosterone in associations between
finger-length indicators and blood pressure in boys

Table 5 The mediating effects of testosterone in associations between
finger-length indicators and blood pressure in girls

Model Effect SBP DBP Model Effect SBP DBP
p SE t P s SE ¢t P s SE t P Y/ SE t P

2D a 0.58 0.13 4.58 0.000 0.58 0.13 4.58 0.000 2D a 0.53 0.13 3.98 0.000 0.53 0.13 3.98 0.000
model model

b 1.50 0.53 2.83 0.005 0.90 0.44 2.07 0.039 b 1.39 0.53 2.64 0.009 1.43 047 3.06 0.002

c' 4.16 1.31 3.19 0.002 1.28 1.08 1.19 0.233 c' 343 1.26 2.72 0.007 1.41 1.12 1.26 0.207

ab 240 036 6.67 0.000 0.74 0.28 2.68 0.007 ab 1.80 0.33 541 0.000 0.74 031 2.40 0.017
4D a 0.62 0.13 4.86 0.000 0.62 0.13 4.86 0.000 4D a 0.52 0.13 4.15 0.000 0.52 0.13 4.15 0.000
model model

b 1.35 0.53 2.57 0.011 0.81 0.44 1.86 0.063 b 1.44 0.53 271 0.007 1.42 0.47 3.04 0.003

c' 549 131 4.18 0.000 2.14 1.09 1.96 0.050 c' 271 1.21 223 0.026 1.38 1.07 1.29 0.197

ab 3.39 037 9.22 0.000 - - - - ab 1.41 033 4.27 0.000 0.72 030 2.38 0.017
MIDRL a 046 0.12 4.03 0.000 046 0.12 4.03 0.000 MIDRL a 042 0.12 346 0.001 042 0.12 3.46 0.001
model model

b 1.62 0.53 3.06 0.002 095 043 2.19 0.029 b 144 053 274 0.006 1.46 0.47 3.15 0.002

c' 295 1.18 249 0.013 0.79 097 0.81 0418 c' 3.02 1.14 2.64 0.009 1.11 1.01 1.09 0.275

ab 1.37 031 4.43 0.000 036 0.23 1.59 0.112 ab 1.26 0.28 4.50 0.000 046 0.26 1.76 0.078
AIR a 0.65 0.13 4.92 0.000 0.65 0.13 4.92 0.000 AIR a 0.57 0.13 4.27 0.000 0.57 0.13 4.27 0.000
model model

b 1.39 0.53 2.62 0.009 0.84 0.44 1.93 0.054
c' 525 1.37 385 0.000 1.86 1.13 1.64 0.101
ab 3.40 0.39 876 0.000 - - - -

b 1.39 0.53 2.61 0.009 142 047 3.01 0.003
c' 336 1.30 259 0.010 1.54 1.15 1.34 0.181
ab 1.93 0.36 5.40 0.000 0.88 0.33 2.68 0.007

a was the effect of finger-length indicators on In T; b was the effect of
In T on blood pressure after adjusting finger-length indicators; ¢’ was
the direct effect of finger-length indicators on blood pressure; ab was
the indirect effect of In T in the association between finger-length
indicators and blood pressure

association between finger length indicators and blood
pressure after adjusting for age and sedentary activities. In
boys, the 2D, 4D, MIDRL, and AIR were directly correlated
with SBP (s were 4.16, 5.49, 2.95, and 5.25, P<0.01),
while these parameters were also indirectly correlated with
SBP through testosterone (fs were 2.40, 3.39, 1.37, and
3.40, P<0.01). The proportion of mediating effects of the
total effect were 36.6, 36.1, 31.7, and 39.3%, respectively.
2D was indirectly related to DBP through testosterone (f§
was 0.74, P<0.01). There were no mediating effects of
testosterone on associations among 4D, AIR and DBP in
boys. See Table 4 for details.

In girls, the 2D, 4D, MIDRL, and AIR were directly
correlated with SBP (Bs were 3.43, 2.71, 3.02, and 3.36, P
<0.01), while these parameters were also indirectly corre-
lated with SBP through testosterone (fs were 1.80, 1.41,
1.26, and 1.93, P<0.01). The proportion of mediating
effects of the total effects were 34.5, 34.3, 29.5, and 36.5%,
respectively. In addition, the 2D, 4D, and AIR were indir-
ectly associated with DBP through testosterone in girls (fs
were 0.74, 0.72, and 0.88, P <0.01). See Table 5 for details.

a was the effect of finger-length indicators on In T; b was the effect of
In T on blood pressure after adjusting finger-length indicators; ¢’ was
the direct effect of finger-length indicators on blood pressure; ab was
the indirect effect of In T in association between finger-length
indicators and blood pressure

Discussion

The results of this study indicated significant differences in
systolic blood pressure between boys and girls. Previous
studies had shown that blood pressure was higher in boys than
in girls during adolescence and puberty in response to the
increase in circulating androgen levels [21]. Tebar et al.
observed that body mass index and waist circumference were
significantly associated with blood pressure in adolescents,
and the waist circumference of male adolescents was more
strongly correlated with hypertension [22]. In this study, we
also found a positive association between circulating testos-
terone and SBP in boys and girls, and the circulating testos-
terone in boys was higher than that in girls. The beneficial
effects of circulating testosterone were through rapid vasor-
elaxation of vascular smooth muscle on cardiovascular
function [23]. The difference in SBP between sexes may be
influenced by circulating testosterone levels.

The 2D:4D ratio is a suitable index to predict prenatal
androgen exposure [24]. Previous studies suggested that
there was an association between low 2D:4D and levels of
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fetal testosterone and estradiol [25]. An animal-based study
revealed that excess prenatal testosterone exposure could
cause hypertension and other problems [12, 13]. However,
there was no significant association between 2D:4D ratio
and blood pressure in the current study. Manning et al. [17,
18]. reported that the 2D:4D ratio was negatively correlated
with circulating androgen in boys and was positively cor-
related with circulating estrogen in boys and girls. However,
the present study showed that the 2D:4D ratio on the left
hand was only positively related to circulating estradiol
levels in boys, which may be related to racial differences.
The previous studies showed that there were significant
ethnic differences in digit ratio (2D:4D) [26], such as Fin-
nish and ethnic South Africans (Zulus) with a low digit
ratio, Spaniards and Britons with a high digit ratio [27, 28],
and Chinese Han children with a lower digit ratio than the
others [29]. In addition, the studies showed that the 2D:4D
ratio of the right hand was more sensitive to prenatal
androgen exposure than that of the left hand [30]. However,
the studies of Chinese populations showed that the left hand
2D:4D ratio was more valuable for predicting neuroticism,
psychoanalysis, and breast cancer than the right hand
2D:4D ratio [31-33]. Chinese participants holding chop-
sticks and writing with their right hand might influence the
growth of 2D and 4D.

The researchers speculated that the androgen in the
mother’s uterus during embryonic development stimulated the
growth of 4D, while estrogen stimulated the growth of 2D
[16]. From the findings of previous studies, we suggested that
the digit ratio (2D:4D) might be related to the unbalanced
proportion of prenatal androgen and estrogen, and the finger
length might be associated with prenatal androgen and
estrogen levels, such as 2D with prenatal androgen level, 4D
with prenatal estrogen level, and AIR with prenatal androgen
and estrogen levels. Thus, we tried to use more information
about finger length, including 2D, 4D, MIDRL, and AIR, to
analyze the association between finger-length indicators and
blood pressure in this study. AIR may represent the average
level of androgen and estrogen in the body, while 2D:4D ratio
represents the exposure of androgens, and their product can
better reflect the dynamic changes of androgen and estrogen
in the body. MIDRL, which is a synthesized product of the
digit ratio (2D:4D), and AIR may be not only related to
overall prenatal hormone exposure but also related to higher
prenatal androgen exposure.

After adjusting for age, the results of partial correlations
showed that the 2D, 4D, MIDRL, and AIR were sig-
nificantly related to SBP and testosterone, and there were
significant associations between 4D, AIR and DBP and
between SBP, DBP and testosterone in boys and girls,
which meant our hypothesis was supported. Models
examining mediating effects of testosterone on associations
between finger length indicators and blood pressure were
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tested. The results showed that 2D, 4D, MIDRL and AIR
were directly correlated with SBP in boys and girls, while
they were also indirectly correlated with SBP through tes-
tosterone, and the proportion of mediating effects on the
total effect were higher than 30%. 2D was indirectly asso-
ciated with DBP in boys through testosterone, and 2D, 4D
and AIR were indirectly correlated with DBP in girls
through testosterone. The results indicated that 2D, 4D and
relative indexes were directly and indirectly related to blood
pressure, especially SBP, which indirectly showed that
prenatal androgen and estrogen exposure might directly
influence the blood pressure of childhood offspring or be
indirectly influenced by testosterone.

Early experience in utero can influence the health of the
organism, and hormones, as an epigenetic signal in devel-
opmental processes, play an important role in predicting
health status [33]. This hypothesis implies that there might
be some association between prenatal exposure to high
levels of sex hormones, especially testosterone, and blood
pressure. Prenatal testosterone might play an organizational
role and have resulted in prenatal programming of physio-
logical systems related to the testosterone and estradiol
levels of the offspring. Once leaving the uterus, the
organism has to accommodate its new external environ-
ment, and sometimes some organisms cannot adapt to the
new environment, leading to disease. Sex hormones are able
to modulate blood pressure by acting on important systems,
such as cardiovascular, renal, and neural systems [34]. We
suggested that there might be some associations between
prenatal sex hormones and blood pressure in children and
adolescents, which could be roughly examined using finger-
length indicators. However, the specific mechanism of the
effects of prenatal hormone exposure on hormone levels in
children and adolescents is not currently known, which may
be a direction for our future research.

There were several limitations in the present study.
Based on a cross-sectional survey, causal relationships
between finger-length indicators and blood pressure and
testosterone levels could not be evaluated. Given the pos-
sible influence of writing and chopsticks use on finger
length of the right hand in Chinese participants, only left
hand finger lengths were measured in the current study.
Some studies have shown that the left hand digit ratio is
more closely related to some diseases in the Chinese
population [31-33]. Moreover, the impact of left-handed
students in research has not been considered. The finger
length of the right hand should be measured to validate the
results in the future.

Informed consent

Informed consent was obtained from the parents of all
children included in the study.
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