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Comprehensive association analyses of IGF1, ESR2,
and CYP17 genes with adult height in Caucasians
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Human adult height is closely related to body growth that is regulated by multiple cytokines or hormones
like growth hormone (GH) and estrogen. Our study focused on three potential candidate genes to human
height, namely IGF1 (insulin-like growth factor 1), ESR2, and CYP17. We genotyped 43 single nucleotide
polymorphisms (SNPs) and tested their associations in 1873 subjects from 405 nuclear families, using both
the family-based quantitative transmission disequilibrium test (QTDT) and population-based ANOVA
methods. Both analyses consistently detected that two novel SNPs of IGF1, rs5742694 and rs2033178, were
significantly associated with human height, with the P-values of 0.0097 and 0.0057 in QTDT analyses,
0.0002/0.004 (sample 1/sample 2) and 8.46�10�5/1.92�10�5 in ANOVA analyses. For ESR2, significant
associations were only detected in women (rs1256061: QTDT P¼0.002, ANOVA P¼0.002/0.012;
rs17766755: QTDT P¼0.019, ANOVA P¼0.023/0.006; rs1256044: QTDT P¼0.022, ANOVA P¼0.002/
0.034). Haplotype analyses corroborated our single-SNP results. However, no association was detected
between CYP17 and human height. In conclusion, we identified the important effects of IGF1 and ESR2 on
adult height variation in Caucasians, and first suggested the potential sex-specific effect of ESR2 on height
variation in Caucasian women. It will be valuable for other independent studies to replicate and confirm
these findings.
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Introduction
Human adult height is a complex trait with high heritability

of more than 75%.1–3 Variation in height has been associated

with risk of some common diseases, such as type 2 diabetes,4

osteoporotic fractures,5 cardiovascular diseases,6 prostate

cancer,7 as well as disease-specific mortalities in different

populations.8 It is thus important to investigate human adult

height because this may also provide new insights into the

mechanisms of other related diseases.

Human adult height is highly correlated with body

growth9,10 and regulated by multiple genetic factors.

Growth hormone (GH) and estrogen are two of the most

important hormones regulating body growth. GH is

involved in GH/IGF1 (insulin-like growth factor 1)

pathway and exerts systemic and local control on

hypothalamus–pituitary–growth plate axis influencing
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longitudinal bone growth.9,11 Estrogen endocrine system

has been shown to have pleiotropic effects on many

endocrine pathways such as cell proliferation and

differentiation, and skeletal metabolism.10,12 Furthermore,

the biosynthesis or metabolisms of these two hormones are

regulated by many factors. For instance, IGF1 gene

mediates the growth-promoting effects of GH. CYP19

(cytochrome P450 19) and CYP17 genes, encoding the

key enzymes, catalyze the in vivo biosynthesis of active

estrogens from their lipid precursors.13,14 ESR1 and ESR2

encode estrogen receptors a and b. Therefore, IGF1, CYP17,
CYP19, ESR1, and ESR2 genes may have effects on human

adult height variation. Previous studies have performed

height association studies for some of those genes includ-

ing IGF1, CYP17, CYP19, and ESR1,15 –21 which showed the

potential importance of certain genes.15,16,22,23 Among

them, ESR1 and CYP1915,16 were identified to associate with

height by our studies. In this study, we focused on three

genes that are not intensively studied before, namely IGF1,

ESR2 and CYP17 genes. Especially, ESR2 has not been

investigated by association studies with human adult height

so far. Here we characterized the LD (linkage disequilibrium)

patterns and haplotype structures of these three genes using

high-density single nucleotide polymorphisms (SNPs) and

then tested the associations with adult height variation in

1873 Caucasians from 405 nuclear families.

Materials and methods
Subjects

The study was approved by the Creighton University

Institutional Review Board. Signed informed consent

documents were obtained from all study participants

before they entered the study. In brief, all of the 1873

participants from 405 nuclear families were US Caucasians

of European origin and recruited randomly in terms of

height variation. People with chronic diseases and condi-

tions that might potentially affect height were excluded as

detailed before.24 All height measurements without shoes

were made using a standard wall mounted statiometer in

the clinic by nurses. The basic characteristics of the study

subjects are presented in Table 1. For the 405 nuclear

families used in association analyses, the average family

size was 4.63±1.78 (mean±SD, standard deviation), ran-

ging from 3 to 12. The overall sample yielded a total of

1512 sib pairs.

Genotyping

Genomic DNA was extracted from whole blood, using a

commercial isolation kit (Gentra Systems, Minneapolis,

MN, USA). All SNPs were identified through searching

public databases such as HapMap (http://www.hapma-

p.org/), dbSNP (http://www.ncbi.nlm.nih.gov/SNP/), JSNP

(http://snp.ims.u-tokyo.ac.jp/), HGVbase (http://hgv-base.

cgb.ki.se/), SNP Consortium (TSC) (http://snp.cshl.org/),

and SNPper (http://snpper.chip.org/bio/snpper-enter), based

on the following criteria: (1) validation status, especially in

Caucasians, (2) an average density of 1 SNP per 4 kb, (3)

degree of heterozygosity, that is, minor allele frequencies

(MAFs) 40.05, (4) functional relevance and importance,

(5) tagging SNP information (on the basis of data from

HapMap), and (6) reported to dbSNP by various sources. A

total of 48 SNPs in or around IGF1, ESR2, and CYP17 genes

were successfully genotyped using the high-throughput

BeadArray SNP genotyping technology of Illumina Inc.

(San Diego, CA, USA) and 43 were analyzed subsequently

(5 rare SNPs were abandoned because of insufficient power

to analyze them in association studies). The average rate of

missing genotype data was reported to be B0.05% by

Illumina. The average genotyping error rate estimated

through blind duplicating was reported to be less than

B0.01%. The information of the 43 analyzed SNPs was

summarized in Table 2.

We used PedCheck25 to check Mendelian inheritance

errors of SNP genotype data and any inconsistent geno-

types were removed. Then the error checking option

embedded in Merlin26 was run to identify and discard the

genotypes flanking excessive recombinants, thus further

reducing genotyping errors. Less than 0.02% of total

genotypes was removed due to the violation of any of the

above two rules. Allele frequencies for each SNP were

calculated using the method of Mendel for family data,27

and the Hardy–Weinberg equilibriums were tested using

the Pedstats procedure in Merlin.

LD and haplotype analyses

Our LD and haplotype analyses were based on the 703

unrelated parents (340 men and 363 women) from the 405

nuclear families. Population haplotypes and their frequen-

cies were inferred using Phase v2.1.1.28 We used Haplo-

BlockFinder29 to identify block structures and select

haplotype-tagging SNPs (htSNPs). To generate graphical

representation of LD structure as measured by |D0|, we

Table 1 Characteristics of study subjects genotyped in 405 nuclear families

Characteristic Sons (n¼385) Daughters (n¼729) Fathers (n¼370) Mothers (n¼370)

Mean±SD (range)
Height (m) 1.80±0.07 (1.58–1.98) 1.65±0.06 (1.48–1.90) 1.77±0.07 (1.56–1.96) 1.62±0.06 (1.43–1.86)
Age (years) 35.7±11.1 (20–74) 37.9±10.2 (20–67) 63.0±10.7 (42–87) 62.5±10.59 (40–86)

A total of 4 sons and 15 daughters with age o20 years were deleted to guarantee the height data collected at recruitment representing the final
stature data.
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adopted Haploview30 to yield similar haplotype block

structures when compared to HaploBlockFinder. To infer

haplotypes defined by the htSNPs within each block, we

adopted the algorithm of integer linear programming (ILP)

implemented in PedPhase V2.0,31 which is based on LD

assumption and able to recover phase information at each

marker locus with great speed and accuracy even in the

presence of 20% missing data.

Statistical analysis of association

In association analyses, significant covariates including age

and sex were used to adjust for the height data in the total

sample. In sex-specific analyses, age was used as covariate.

Normality tests and adjustments were done by MINITAB.

The quantitative transmission disequilibrium test

(QTDT)32 was used to test the htSNPs and haplotypes with

estimated frequencies greater than 5% for associations with

height. We adopted the orthogonal model implemented in

QTDT for our analyses, which incorporates the variance

components method in the analysis of family data and

includes exact estimation of P-values. Monte-Carlo permu-

tation test33 were performed 10000 times to correct for

multiple testing of markers and genes tested. The signifi-

cant threshold was established as 0.0033 for an individual

test to achieve a global significance level of 0.05 for our

analyses.

Then we performed population-based association

analyses by ANOVA for both single-SNP and haplotypes

(frequencies greater than 5%) versus height in Minitab

software (Minitab Inc., State College, PA, USA). ANOVA

tests were repeated in two unrelated samples to validate the

results. As we have no additional sample, we extracted the

unrelated subjects from the entire sample. For ‘Total’

sample, we selected the parental generation as sample 1

(630 subjects), and then randomly selected one child from

each family as sample 2 (400 subjects). For ‘female’

subjects, one daughter from each family was randomly

selected to generate sample 1 (326 subjects), then one

daughter from the rest members of each family was

randomly selected as sample 2 (312 subjects). For ‘male’

sample, as our sample contained more female subjects than

male subjects, and many families had no son or only one

son, we randomly selected one son from each family (210

subjects) as sample 1, and then fathers (300 subjects) were

selected as sample 2.

Bioinformatic analysis

We used Vista program (http://www-gsd.lbl.gov/VISTA/

index.shtml) to compare the interesting genomic

sequences from human and mouse, which visualize the

pairwise percentage identity as calculated for every 100bp.

Potential SNP functions like transcriptional factor binding

sites (TFBSs) were queried by using a web-based Bio-

informatics tool named FASTSNP (function analysis and

selection tool for SNPs, http://fastsnp.ibms.sinica.edu.tw).34

Results
LD and haplotype analyses

Figure 1 shows the LD structures of these three genes. For

IGF1 gene, 7 htSNPs (SNP 2, 3, 4, 13, 16, 17, and 19) were

selected to represent three blocks containing 18 SNPs with

the size of 13, 53, and 17 kb, separately. SNP 15 could not

be assigned to any block due to its low LD with the SNPs

around. The average density of these 19 SNPs was 4.5 kb/

SNP. For ESR2 gene, two blocks with high LD were

identified, which contained 17 SNPs with an average

Table 2 Information of the studied SNPs

SNP no.
dbSNP
rs no. SNP Frequencya

Location
(bp)

SNP
position

IGF1_1 rs2373720 A/G 0.0602 101282429 30 UTR
2 rs6219 A/G 0.0988 101292659 Exon4
3 rs6214 A/G 0.3971 101296036 Exon4
4 rs5742694 C/A 0.2457 101301703 Intron3
5 rs978458 A/G 0. 2619 101304706 Intron3
6 rs4764883 G/A 0.2834 101308772 Intron3
7 rs11111267 G/A 0.1882 101313706 Intron3
8 rs5742671 A/G 0.1882 101318225 Intron2
9 rs5742667 A/G 0.2635 101325945 Intron2

10 rs2373721 G/C 0.2461 101329512 Intron2
11 rs2288378 A/G 0.2461 101332475 Intron2
12 rs10735380 G/A 0.2749 101346703 Intron2
13 rs2033178 A/G 0.0571 101349543 Intron2
14 rs4764697 A/G 0.2837 101355639 Intron2
15 rs5742629 G/A 0.2791 101359730 Intron2
16 rs1019731 A/C 0.1449 101366892 Intron2
17 rs12821878 A/G 0.2328 101370134 Intron2
18 rs2162679 G/A 0.1511 101373726 Intron1
19 rs35765 A/C 0.1137 101384163 50 UTR

ESR2_1 rs8020646 G/A 0.0547 63761073 30 UTR
2 rs1152577 A/C 0.4337 63767238 30 UTR
3 rs4986938 A/G 0.3692 63769569 30 UTR
4 rs1256061 A/C 0.4831 63773346 Intron7
5 rs1256059 A/G 0.4354 63780170 Intron7
6 rs17766755 A/G 0.3521 63785526 Intron7
7 rs4365213 G/A 0.4346 63790017 Intron6
8 rs1256049 A/G 0.0516 63793804 Exon6
9 rs1256044 G/A 0.4397 63803780 Intron4

10 rs7154455 C/G 0.3175 63806413 Intron4
11 rs10148269 A/G 0.4353 63806677 Intron3
12 rs1256037 G/A 0.4353 63813054 Intron3
13 rs1256030 A/G 0.4607 63816923 Intron2
14 rs3783736 A/C 0.4011 63821125 Intron1
15 rs17179740 A/G 0.3975 63826504 Intron1
16 rs1271572 A/C 0.4468 63831670 50 UTR
17 rs3020450 A/G 0.3134 63838055 50 UTR

CYP17_1 rs619824 A/C 0.4303 104571278 30 UTR
2 rs4919682 A/G 0.2848 104574320 30 UTR
3 rs4919685 A/C 0.2967 104577352 30 UTR
4 rs10883783 A/T 0.2967 104581142 Intron7
5 rs3740397 G/C 0.3879 104582665 Intron5
6 rs6163 A/C 0.3873 104586914 Exon1
7 rs11191416 C/A 0.0894 104594906 Promoter

aAllele frequencies for the first allele (minor allele) are shown.
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density of 1 SNP per 4.2 kb. For each block, three htSNPs

(block 1: SNP 1, 4, and 6; block 2: SNP 9, 10, and 14) were

inferred to represent common haplotypes. Only one block

(htSNPs:SNP 1 and 4) was identified for CYP17 gene with

the size of 23 kb, containing seven SNPs. The average

density is 1 SNP per 3.3 kb.

Figure 1 The linkage disequilibrium (LD) structures of IGF1, ESR2, and CYP17 genes. Squares in black indicate strong LD; *, tag SNPs; numbers in
bracket, the length of blocks. For IGF1, SNP 15 had weak LD with some SNPs in Block 2 or Block 3, so it cannot be assigned to any of the blocks.

Table 3 Single-SNP analysis for human adult height

P-value in ‘total’ sampleb P-value in ‘female’ sample P-value in ‘male’ sample

ANOVA ANOVA ANOVA

SNPa QTDT S1 (630)/S2 (400) r2 (%)c QTDT S1 (326)/S2 (312) r2 (%) QTDT S1 (210)/S2 (300) r2 (%)

IGF1
2 0.968 0.512/0.850 0.00 0.219 0.474/0.725 0.00 0.173 0.795/0.710 0.00
3 0.952 0.021/0.429 1.29 0.872 0.085/0.519 0.95 0.179 0.019/0.829 2.33
4 0.0097 0.0002/0.004 2.05 0.034 2.38�10�4/4.29�10�5 5.23 0.081 0.004/0.003 3.75

13 0.0057 8.46�10�5/1.92�10�5 2.19 0.0015 2.11�10�5/1.10�10�4 6.00 0.149 0.003/0.001 3.83
15 0.418 0.808/0.349 0.00 0.379 0.784/0.806 0.00 0.932 0.358/0.736 0.03
16 0.350 0.634/0.826 0.00 0.152 0.567/0.151 0.00 0.422 0.799/0.563 0.00
17 0.228 0.808/0.361 0.00 0.032 0.014/0.25 2.00 0.509 0.872/0.339 0.00
19 0.926 0.035/0.014 1.12 0.249 0.013/0.003 2.04 0.649 0.872/0.287 0.00

ESR2
1 0.502 0.168/0.129 0.61 0.380 0.181/0.112 0.55 0.777 0.928/0.307 0.00
4 0.061 0.012/0.009 1.50 0.002 0.002/0.012 3.19 0.588 0.634/0.119 0.00
6 0.066 0.089/0.028 0.81 0.019 0.023/0.006 1.70 0.956 0.723/0.654 0.00
9 0.323 0.032/0.041 1.15 0.022 0.002/0.034 3.19 0.822 0.736/0.687 0.00

10 0.144 0.038/0.245 1.09 0.117 0.011/0.020 2.16 0.412 0.589/0.485 0.00
14 0.103 0.102/0.095 0.74 0.031 0.074/0.100 0.98 0.991 0.893/0.256 0.00

Abbreviations: IGF1, insulin-like growth factor 1; QTDT, quantitative transmission disequilibrium test; SNP, single nucleotide polymorphism.
aSNPs listed here are htSNPs.
bP-valueso0.05 are shown in bold italics. S1, sample 1; S2, sample 2. Numbers in bracket are sample size.
cr2 indicates how much variation in the AAM is explained by the SNP, which is measured by the ANOVA in S1.
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Association analyses

All of the association results are presented in Table 3

(single-SNP analyses) and Table 4 (haplotype analyses). For

IGF1 gene, SNP 4 and 13 were detected as significant to

human adult height by QTDT test in total sample with

P-values of 0.0097 and 0.0057, respectively. They were still

significant in female sample (SNP 4: P¼0.034; SNP 13:

P¼0.0015). However, only marginally significant result

was found in SNP 4 in male sample (P¼0.081). The results

of these two SNPs in ANOVA analyses of both samples 1

and 2 showed consistent and more significant results

(Table 3). The contribution of SNP 4/13 to the variation of

height was 5.23/6.00 and 3.75/3.83% in female and male

samples, respectively. Interestingly, SNP 4 and 13 were only

two htSNPs in block 2, and the results of haplotype

analyses were consistently significant in ANOVA in all

three categories sample (total, female, and male samples),

but not in QTDT (Table 4). For ESR2 gene in total sample,

SNP 4 and 6 were detected as marginally significant to

height variation (P¼0.061 and 0.066, separately) by QTDT.

When sex-specific analyses were conducted, the significant

association with height was only present in women both in

QTDT and ANOVA (Table 3). For haplotype analyses of

ESR2 gene in female sample, only block 2-hap8 was

nominally significant (Po0.05) in QTDT, which obtained

the most significant result in ANOVA analyses (3.6�10�4/

0.006 in sample 1/2). In addition, block 1-hap4 and block

2-hap1 were detected as nominally significant (Table 4). No

significant result was found by either single-SNP or

haplotype analyses in CYP17 gene using the two statistical

methods adopted here (data not shown).

Bioinformatic analysis

Vista program was used to compare the genomic sequences

of IGF1 and ESR2 genes from human and mouse. SNP 5, 6,

7, 11, 13, and 14 in block 2 of IGF1 gene and SNP 8 of ESR2

gene were all located in noncoding conserved regions, the

detailed results are shown in Figure 2. In addition,

according to the FASTSNP program, two SNPs of ESR2

(rs1256061 and rs7154455) were potentially transcription

factor binding sites.

Discussion
IGF1, ESR2 and CYP17 may have potential effects on

human adult height variation, by GH/IGF1 pathway and

estrogen endocrine system regulating body growth. Thus,

we performed association analyses to investigate whether

the common variants in these important candidate genes

contribute to the variation of adult height in human. Our

work showed that about 12.5% genetic variation can be

explained by the 16 htSNPs in the three genes analyzed

here.

IGF1 gene encodes somatomedin C that is important in

mediating the effects of GH. Although several polymorphisms

of it have been assessed in the association studies of human

Table 4 Haplotype analysis for human adult height

P-value in ‘total’ sample P-value in ‘female’ sample P-value in ‘male’ sample

ANOVA ANOVA ANOVA

Block Haplotype QTDT S1 (630)/S2 (400) QTDT S1 (326)/S2 (312) QTDT S1 (210)/S2 (300)

IGF1
Block 1-hap2 AG 0.499 0.143/0.038 0.451 0.726/0.727 0.106 0.770/0.906
Block 1-hap3 GA 0.817 0.930/0.016 0.545 0.117/0.514 0.148 0.050/0.563
Block 1-hap4 GG 0.985 0.316/0.287 0.241 0.153/0.463 0.642 0.860/0.863
Block 2-hap2 AG 0.096 0.001/0.038 0.493 2.60�10�4/0.041 0.035 0.002/0.010
Block 2-hap3 CA 0.434 0.002/0.016 0.501 0.001/0.030 0.624 0.013/0.008
Block 2-hap4 CG 0.136 0.316/0.421 0.673 0.087/0.363 0.038 0.014/0.399
Block 2-SNP 15 F 0.418 0.808/0.349 0.379 0.784/0.806 0.932 0.358/0.736
Block 3-hap2 AAC 0.505 0.256/0.413 0.776 0.854/0.910 0.091 0.635/0.476
Block 3-hap6 CAC 0.645 0.469/0.739 0.298 0.044/0.432 0.867 0.667/0.138
Block 3-hap7 CGA 0.437 0.021/0.006 0.278 0.024/0.268 0.622 0.902/0.204
Block 3-hap8 CGC 0.788 0.545/0.150 0.275 0.546/0.747 0.437 0.831/0.626

ESR2
Block 1-hap1 AAA 0.177 0.023/0.013 0.188 0.273/0.018 0.988 0.424/0.034
Block 1-hap2 AAG 0.207 0.338/0.865 0.884 0.507/0.366 0.482 0.719/0.202
Block 1-hap4 ACG 0.523 0.030/0.010 0.216 0.033/0.016 0.715 0.640/0.601
Block 2-hap1 ACA 0.088 0.017/0.071 0.282 0.013/0.040 0.374 0.371/0.596
Block 2-hap3 AGA 0.926 0.850/0.120 0.452 0.391/0.945 0.295 0.109/0.492
Block 2-hap4 AGC 0.032 0.664/0.398 0.687 0.578/0.290 0.036 0.380/0.123
Block 2-hap8 GCC 0.563 0.039/0.064 0.048 3.6�10�4/0.006 0.364 0.187/0.845

Abbreviations: IGF1, insulin-like growth factor 1; QTDT, quantitative transmission disequilibrium test; SNP, single nucleotide polymorphism.
P-valueso0.05 are shown in bold italics. SNP 15 had weak LD with other SNPs and cannot be assigned to any of the blocks. S1, sample 1; S2, sample
2. Number in bracket is sample size.
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adult height, the results were not consistent.17,35

Voorhoeve et al21 found that there was no statistical

significant between wild-type carriers of IGF1 and final

height. Frayling et al35 reported that a common allele (Z), a

microsatellite polymorphism 1kb upstream to the IGF1

gene, had no association with adult height. Whereas

Rietveld et al17 found a polymorphic CA repeat in IGF1

gene was associated with adult height. In our sample,

subjects carrying ‘C’ allele of SNP 4 and ‘A’ allele of SNP 13

were taller than those carrying ‘A’ allele of SNP 4 and ‘G’

allele of SNP 13, separately. Notably, the bioinformatics

analyses showed that most IGF1 region in block 2 were

highly conserved between the human and mouse species.

Interestingly, this region may have biological effects on

other traits.36 –38 For example, Johansson et al38 reported

that this region was associated with prostate cancer risk.

Cheng et al36 revealed that some SNPs (ie rs5742637,

rs5742639, rs5742657, and rs2072592) belonging to block

2 of this study were associated with prostate cancer risk. In

addition, rs1520220 near the SNP4 in this study was

detected to be associated with increased circulating IGF1

level and increased risk of breast cancer.37 For ESR2,

although most SNPs we selected were not conserved

compared to mouse species, two significant SNPs

(rs1256061 and rs7154455) were in the core recognition

sequences of potential TFBS and hence may have a role in

transcription regulation.

We, for the first time, performed the association study of

ESR2 gene on human adult height based on its biological

role as an estrogen receptor. Our results showed that ESR2

gene had sex-specific effects on height, as the association

was detected only in women. This can be explained from

two aspects. First, the association tests for height in men

were statistically less powerful than in women because the

size of the male sample (n¼749) was much smaller than

female sample (n¼ 1124). Second, biological differences

exist in terms of height growth between men and women.

For instance, the physiology of pubertal growth in females

is different from that in men as the former begins and ends

earlier and has a lower peak velocity. And adult height in

women could be more influenced by in vivo estrogens

status due to menarche.39

In present study, we used both family-based and

population-based methods, which have their own limita-

tions and merits, but can complement each other. Family-

based analyses assessed the association through allele

transmissions from parent to children, and is robust

against population stratification.40 In contrast, popula-

tion-based test may supply higher power than family-based

methods to detect association. However, it may increase

the false-positive rate.41 Therefore, the optimal solution is

to use both methods in such context. We estimated the

power of our study sample by the Program Genetic Power

Calculator (http://pngu.mgh.harvard.edu/~purcell/gpc/

qtlassoc.html) with a conservative significance level of

a¼0.001. Assuming that incomplete LD of |D0|¼0.9, our

sample can reach 90 and 80% power in men and women,

respectively, under additive models to detect a QTL

responsible for about 4% variation of height.

Although the sample we used came from a study of

osteoporosis, the subjects were recruited randomly, and we

only excluded the subjects with bone-related diseases or

other diseases influencing bone development. The exclu-

sion criteria are consistent with analysis for height, as

Figure 2 Conservation of the human and mouse genomic IGF1 and ESR2 gene sequence. The region between the two dashed vertical lines
represents the region in one block. The longer black bars on the gene symbol indicated the SNPs we selected in conserved regions. The shorter bars
indicated the SNPs we selected in non-conserved regions.
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abnormal stature is a basic characteristic of many bone

disorders. Thus, it is reasonable that we can ignore the

sample effect on the analysis of height. Another potential

limitation in this study is that some of our adult height

data may not represent maximal adult height due to the

early loss of height caused by osteopenia, vertebral

fractures, loss of intervertebral disc’s turgor and elasticity,

and kyphosis. Adjusting height by age may only partly

overcome the differences between adult heights of younger

and older members of the families. However, due to the

lack of data in those aspects to adjust the effects of

environments, this study represents the best we can do

under present conditions.

In summary, we identified the significant effects of two

important genes, IGF1 and ESR2, on adult height variation

in Caucasians, and first suggested the potential sex-specific

effect of ESR2 on women height. However, multiple

replication studies are needed to confirm our results and

identify the most possible functional variants for molecular

studies.
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