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Introduction

　We previously reported an inverse association between 
height and dyslipidemia in middle aged Japanese men with a 
low, but not high body mass index (BMI) [1]. Generally, 
adult height is regarded as a marker of childhood social and 
physical condition, including genetic factors [2-5]. On the 
other hand, BMI has been reported to be positively associated 
with increased risk of disease [6] and is largely influenced by 

current circumstances. An analysis limited to subjects with a 
lower BMI might elucidate the potential risk of child cir-
cumstances (including genetic status). A detailed concept of 
the above has been described elsewhere [1,7]. 
　Genetically determined shorter height and increased risk 
of coronary artery disease was reported by a European study, 
which also found that part of this inverse association may be 
driven by the association between shorter height and an 
adverse lipid profile [8].
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　However, no studies have reported that the genetic factor 
associated with short stature also has a BMI status-specific 
association with dyslipidemia. 
　The single nucleotide polymorphism (SNP) rs3782886 in 
the breast cancer suppressor protein associated protein 
(BRAP) gene is likely to present only in Asian populations 
[9]. This SNP rs3782886 is reported to be positively associ-
ated with coronary artery disease [9], short stature [10] and 
inversely associated with metabolic syndrome [11]. We 
therefore focused on SNP rs3782886 to investigate the genetic 
factors associated with short stature and dyslipidemia ac-
counting for BMI status.
　Applying the above, we conducted a cross-sectional study 
of 877 elderly Japanese aged ≥60 years who underwent a 
national health check-up in 2014 and 2015.

Materials and Methods

Subjects and methods

　The study population comprised 996 subject residents 
aged ≥60 years from the western rural communities of Goto 
city, who undertook an annual medical check-up in 2014 and 
2015 as recommended by the Japanese government. 
　To avoid the influence of chronic disease and malnutrition, 
those with low body mass index (BMI) (<19.0kg/m2) (n=84) 
were excluded, as were persons with missing data (blood 
pressure data (n=1) and laboratory data (n=34)). The remain-
ing participants, comprising 877 subjects with a mean age of 
72.8 years (standard deviation (SD): 7.4; range: 60-92), were 
enrolled in the study. 

Data collection and laboratory measurements

　Trained interviewers obtained information on smoking 
status, drinking status, and medical history. Body weight and 
height were measured with an automatic body composition 
analyzer (BF-220; Tanita, Tokyo, Japan), and body mass index 
(BMI;kg/m2) was calculated. Systolic and diastolic blood 
pressure were recorded at rest. Triglycerides (TG) and 
creatinine were measured enzymatically. High Density Li-
poprotein-cholesterol (HDL) and Low Density Lipoprotein-
cholesterol (LDL) were measured using a direct method at 
SRL, Inc. (Tokyo, Japan). Genomic DNA was extracted 
from 2ml blood samples with GENE PREP STAR NA-480 
(KURABO). Subject genetic DNA was typed with regard to 
SNP rs3782886 (BRAP on chromosome 12q24.12) using the 
HybProbe method with LightCycler 480 (Roshe).
　Short stature was defined as the lowest 20% with regard to 

height (<157.8cm for men and <145.0cm for women). 
　Since a previous Asian study that reported a higher minor 
allele (G) frequency for SNP rs3782886 as being inversely 
associated with metabolic syndrome [11] defined abdominal 
obesity as a waist circumference ≥90cm for men and ≥85 cm 
for women, we followed this definition when diagnosing 
abdominal obesity. Dyslipidemia has been defined by the Japan 
Atherosclerosis Society (JAS) Guidelines as follows: 
LDL≥140mg/dL and/or HDL<40mg/dL and/or TG≥150mg/
dL and/or taking lipid lowering medication [12], as in a 
previous study [1]. 

Statistical analysis 
　Clinical characteristics of the SNP rs3782886 genotype 
were compared. Differences in mean values or prevalence of 
potential confounding factors by SNP rs3782886 genotype 
were calculated. A trend test was performed with a generalized 
linear regression model for mean values, and a logistic 
regression model was used for proportion.
　Logistic regression models were used to calculate odds 
ratios (ORs) and 95% confidence intervals (CIs) to determine 
the association of SNP rs3782886 with short stature and 
dyslipidemia. We also used logistic regression models to 
calculate ORs and 95% CIs to determine the association of 
short stature with abdominal obesity.
　In addition, to evaluate the influence of BMI on the asso-
ciation between SNP rs3782886 and dyslipidemia, subjects 
were stratified by BMI status, since in our previous study, 
height was inversely associated with dyslipidemia in non-
overweight but not in overweight men [1]. Since the World 
Health Organization (WHO) identified BMI≥23kg/m2 as an 
indicator for enhanced risk of disease in Asian populations 
[6], 23kg/m2 was set as the BMI cutoff point. 
　Adjustments for confounding factors were made into three 
models. The first model (Model1) adjusted only for sex and 
age. The second (Model 2) included other possible con-
founding factors, namely, BMI (kg/m2), smoking status 
(never-smoker, former smoker, current smoker), alcohol 
consumption [never-drinker, former drinker, current drinker 
(<23g/week, 23g/week≤ <46g/week, 46g/week≤ <69g/week, 
69g/week≤)], systolic blood pressure (mmHg), HbA1C (%) 
and serum creatinine (mg/dL). And Model 3 further adjusted 
for serum triglycerides (mg/dL), serum HDL-cholesterol 
(mg/dL) and LDL-cholesterol (mg/dL).
　All statistical analyses were performed with the SAS system 
for Windows (version 9.3; SAS Inc., Cary, NC). All p-values 
for statistical tests were two-tailed, with values of <0.05 
regarded as being statistically significant.
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Results

Characteristics of the study population

　Characteristics of the study population are shown in Table 
1. Among 877 elderly Japanese subjects, 546 were major 
homo (A/A), 289 were hetero (A/G), and 42 were minor 
homo (G/G). Current drinker status was significantly associated 
with these genotypes.

Association between the rs3782886 genotype and short 
stature.

　Table 2 shows the association between genotype and short 
stature. With major homo (A/A) as the reference group, no 
significant association was observed for hetero (A/G), while 
a significant association was observed for minor homo 
(G/G). When we compared the analysis between the two cat-
egories (non-minor homo and minor homo), a significant 
association was observed. 

Table 1. Characteristics of the study population by genotype of rs3782886

rs3782886 
p for trend

Major homo (A/A) Hetero type (A/G) Minor homo (G/G)

No. of participants
Gender (men), % 
Age, years 
Current drinker, % 
Current smoker, % 
Body mass index (BMI), kg/m2 
Systolic blood pressure, mmHg 
Diastolic blood pressure, mmHg 
Serum HDL-cholesterol (HDL), mg/dL 
Serum LDL-cholesterol (LDL), mg/dL 
Serum triglycerides (TG), mg/dL 
Lipid lowering medication use, % 
Hemoglobin A1c (HbA1c), % 
Serum creatinine, mg/dL 
Waist circumference (cm) 
Height, cm

546
37.2

72.3 ± 7.5
33.3
6.8

23.6 ± 2.9
140 ± 18
82 ± 11
59 ± 15
119 ± 29
103 ± 59

23.8
5.7 ± 0.5

0.75 ± 0.20
85.8 ± 9.0
154.9 ± 9.0

289
43.3

73.6 ± 7.4
12.8
5.2

24.0 ± 3.2
140 ± 18
80 ± 12
56 ± 14
120 ± 29
106 ± 53

23.2
5.7 ± 0.5

0.78 ± 0.20
86.2 ± 8.7
154.6 ± 8.4

42
35.7

72.6 ± 6.9
0.0
2.4

23.5 ± 2.9
139 ± 15
81 ± 11
57 ± 13
119 ± 31
99 ± 41

26.2
5.8 ± 0.6

0.75 ± 0.19
84.7 ± 8.4
152.7 ± 8.6

0.209
0.079

<0.001
0.392
0.105
0.852
0.229
0.005
0.862
0.655
0.910
0.546
0.135
0.556
0.268

 values: mean ± standard deviation.

Table 2. Odds ratios (OR) and 95% CI for short stature in relation to type of rs3782886.

rs3782886
P value

minor allele 

frequenciesMajor homo (A/A) Hetero type (A/G) Minor homo (G/G)

　 No. at risk
Short stature
　 No. of cases (percentage)
　 Model.1  

　 Model.2  

　 Model.3

546

99 (18.1)
1

1

1

1

1

1

289

61 (21.1)
1.08 (0.74, 1.58)

1.13 (0.76, 1.70)

1.13 (0.75, 1.69)

42

13 (31.0)
2.22 (1.06, 4.63)
2.16 (1.05, 4.45)
2.35 (1.10, 5.04)
2.22 (1.06, 4.64)
2.36 (1.10, 5.06)
2.23 (1.07, 4.67)

0.117
0.037
0.079
0.034
0.081
0.033

1.27 (0.94, 1.70)

1.33 (0.97, 1.82)

1.32 (0.97, 1.81)

Model.1: adjusted only for sex and age. Model.2: further adjusted for body mass index, systolic blood pressure, alcohol consumption, smoking status, HbA1c and 
serum creatinine.
Model.3: further adjusted for triglycerides, HDL-cholesterol and LDL-cholesterol. Short stature is defined as the lowest 20% of height (<157.8cm for men and 
<145.0cm for women).
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Association between short stature and abdominal 
obesity.

　We performed a further analysis to evaluate the influence 
of short stature on abdominal obesity, which is one of the 
important components of metabolic syndrome [12]. Short 
stature was found to be significantly inversely associated 
with abdominal obesity (Table 3). 

Association between the rs3782886 genotype and dyslipi-
demia accounting for BMI status.

　We also evaluated the association between the rs3782886 
genotype and dyslipidemia accounting for BMI status (Table 
4). For subjects with a BMI<23kg/m2, the rs3782886 geno-
type was significantly associated with dyslipidemia, while 
no significant association was observed for subjects with a 
BMI≥23kg/m2. 

Table 3. Odds ratios (OR) and 95% CI of abdominal obesity for short stature.

Short stature
P value

(-) (+)

　　　No. at risk
　Abdominal Obesity
　　　No. of cases (percentage)
　　　Model.1
　　　Model.2
　　　Model.3

704

434 (61.6)
1
1
1

173

84 (48.6)
0.46 (0.31, 0.68)
0.26 (0.15, 0.47)
0.26 (0.15, 0.47)

<0.001
<0.001
<0.001

Model.1: adjusted only for sex and age. Model.2: further adjusted for body mass index, systolic blood pressure, alcohol consumption, smoking status, 
HbA1c and serum creatinine. Model.3: further adjusted for triglycerides, HDL-cholesterol and LDL-cholesterol. Short stature is defined as the lowest 20% 
of height (<157.8cm for men and <145.0cm for women). Abdominal obesity is defined as waist circumference ≥ 90cm for men and ≥ 85 cm for women.

Table 4. Odds ratios (OR) and 95% CI for dyslipidemia in relation to type of rs3782886.

rs3782886
P value

minor allele 

frequenciesMajor homo (A/A) Hetero (A/G) Minor homo (G/G)

Total subjects
　 No. at risk
　 No. of cases (percentage)
　 Model.1

　 Model.2

BMI < 23kg/m2

　 No. at risk
　 No. of cases (percentage)
　 Model.1

　 Model.2

BMI ≥ 23kg/m2

　 No. at risk
　 No. of cases (percentage)
　 Model.1

　 Model.2

546
293 (53.7)

1

1

250
108 (43.2)

1

1

296
185 (62.5)

1

1

1

1

1

1

1

1

289
171 (59.2)

1.37 (0.99, 1.78)

1.24 (0.90, 1.71))

109
52 (47.7)

1.25 (0.78, 1.98)

1.37 (0.82, 2.28)

180
119 (66.1)

1.26 (0.84, 1.87)

1.17 (0.77, 1.79)

42
27 (64.3)

1.56 (0.80, 3.03)
1.42 (0.74, 2.73)
1.49 (0.75, 2.96)
1.46 (0.74, 2.88)

19
14 (73.7)

3.59 (1.23, 10.44)
3.36 (1.16, 9.68)
3.57 (1.18, 10.77)
3.20 (1.08, 9.51)

23
13 (56.5)

0.80 (0.33, 1.92)
0.74 (0.31, 1.74)
0.73 (0.30, 1.82)
0.77 (0.32, 1.89)

0.034
0.298
0.112
0.271

0.028
0.025
0.022
0.036

0.614
0.485
0.900
0.572

1.29 (1.02, 1.64)

1.23 (0.95, 1.59)

1.50 (1.05, 2.15)

1.59 (1.07, 2.37)

1.09 (0.79, 1.50)

1.02 (0.73, 1.44)

Model.1: adjusted only for sex and age. Model.2: further adjusted for body mass index, systolic blood pressure, alcohol consumption, smoking status, HbA1c and 
serum creatinine.
Dyslipidemia is defined as TG ≥ 150mg/dL and/or　LDL-cholesterol ≥ 140mg/dL, and/or HDL-cholesterol<40mg/dL and/or lipid lowering medication use.
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Interaction between the rs3782886 genotype and BMI 
categories on dyslipidemia

　Since our study population comprised subjects with a 
BMI<23kg/m2 (n=378) and a BMI≥23kg/m2 (n=499), to 
avoid the influence of sample size bias on the correlation 
between height and dyslipidemia, we evaluated the interaction 
between the rs3782886 genotype and two BMI categories 
(BMI≥23kg/m2 and BMI<23kg/m2) on dyslipidemia. No 
significant interaction between genotype categories by tree 
type (major homo, hetero and minor homo) and BMI category 
was observed (fully adjusted p value for the effect of this 
interaction on dyslipidemia at p=0.154), whereas a signifi-
cant interaction was seen between genotype categories with 
respect to two types (non-minor homo and homo) and BMI 
category (p=0.037).

Sex-specific analysis 
　With non-minor homo (major homo and hetero) as refer-
ence groups, the fully adjusted ORs and 95% CIs of short 
stature for minor homo were 3.72 (1.15, 12.07) for men and 
1.54 (0.57, 4.22) for women.
　And with non-minor homo (major homo and hetero) as 
reference groups, the fully adjusted ORs and 95% CIs of 
dyslipidemia for minor homo among men were 7.05 (0.65, 
77.10) for a BMI<23kg/m2 and 0.69 (0.18, 2.68) for a 
BMI≥23kg/m2, with the corresponding values among women 
at 2.86 (0.84, 9.78) and 0.65 (0.20, 2.10), respectively. 

Discussion

　The major finding of present study is the association of 
SNP rs3782886 with short stature and dyslipidemia in elderly 
Japanese subjects with a BMI<23kg/m2, independent of 
known classical cardiovascular risk factors.
　Our previous cross-sectional study of middle aged Japa-
nese men revealed an inverse association between height 
and dyslipidemia, particularly in subjects with a low BMI [1]. 
An additional study reported a positive association between 
genetically determined shorter height and increased risk of 
cardiovascular disease, and that this association can be partly 
explained by the association between shorter height and an 
adverse lipid profile [8]. In our previous study, the Asian 
population specific SNP rs3782886 [9] was revealed to be 
associated with short stature in the elderly Japanese popula-
tion [10] which is compatible with present results. We also 
found further evidence that SNP rs3782886 is associated with 

dyslipidemia, particularly in subjects with a BMI<23kg/m2.
　Contradictory to our present results, higher minor allele 
(G) frequency of SNP rs3782886 is reported to have a ben-
eficial association with regard to metabolic syndrome and 
abdominal obesity [11]. However, when the association 
between short stature and abdominal obesity is evaluated, 
the former is significantly inversely associated with the latter, 
which seems to be compatible with this previous study [11]. 
Since abdominal obesity as defined by waist circumference 
is one of the important components of metabolic syndrome 
[13], height should act as strong confounding factor for the 
diagnosis of metabolic syndrome, while the SNP rs3782886 
genotype is associated with short stature. 
　In addition to the above, a positive association between 
the minor allele (G) frequency of SNP rs3782886 and coronary 
artery disease has been reported [9], while short stature is 
known to be positively associated with high inflammatory 
activity, as evaluated by white blood cell count and carotid 
atherosclerosis [4,7]. Atherosclerosis, which is a well-known 
risk factor for coronary artery disease, is acknowledged to be 
an inflammatory condition [14], and previous studies have 
reported an association between white blood cell count and 
carotid atherosclerosis [15,16]; therefore, these studies are 
compatible with our present results showing a positive 
association between SNP (rs3782886) and dyslipidemia. 
Furthermore, that SNP rs3782886 is known to be located in 
the BRAP gene on chromosome 12q24, and that higher 
expression of BRAP minor allele (G allele) is associated 
with increased risk of atherosclerosis [17] via enhancing the 
degree of inflammation through activation of NF-κB protein 
[18], also support the above-mentioned mechanism.
　The background mechanism behind these associations has 
yet to be clarified, however. 
　In addition to above-mentioned factors, bone is also an 
important endocrine organ for the regulation of glucose/lipid 
metabolism [19,20], and it follows that this organ is smaller 
in those with a short stature. These compartments may form 
a complicated network that could explain our present results. 
Further investigation is necessary to elucidate these networks.
　Atherosclerosis related inflammatory SNPs [17] were 
shown to be associated in our study with short stature as well 
as with dyslipidemia limited to subjects with low BMI. Since 
atherosclerosis [4] and active inflammation [7] are report-
edly positively associated with short stature limited to subjects 
with high BMI, the notion that an analysis limited to subjects 
with a low BMI might be useful for elucidating the potential 
risk associated with childhood circumstances (including 
genetic status) [1,7] appears to be supported by the results 
presented here.
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　Potential limitations of this study warrant consideration. 
Due to the limited number of participants, meaningful sex-
specific analysis was not possible. However, although statis-
tical power did not reach significant values, essentially the 
same associations were observed for both men and women. 
Although we found that SNP rs3782886 is associated with 
short stature in elderly Japanese subjects, the background 
mechanism is not yet known; therefore, further investigation 
is necessary. As in previous studies of cardiovascular risk 
factors [21,22], no adjustments were made for confounding 
factors related to dietary intake. Because creatinine clearance 
data were not available, and estimated glomerular filtration 
rate (GFR) is not effective for evaluating kidney function 
when comparing the association with various body heights 
[1,3-5,7,23], we were not able to perform an analysis adjusted 
for precise renal function. However, our study showed that 
these associations remained significant even after adjusting 
for serum creatinine.

Conclusion

　In conclusion, SNP rs3782886 is associated with short 
stature and dyslipidemia in elderly Japanese subjects with a 
BMI<23kg/m2.
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