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Aim: PRD1-BF-1-RIZ1 homologous domain containing protein-16 (PRDM16) is a cell-autonomous transcriptional component that 
stimulates the development of brown fat cells.  The aim of this study was to investigate the contribution of genetic variants of PRDM16 
to obesity-related phenotype variations in Chinese.
Methods: A total of 3204 subjects (consisting of 400 male-offspring nuclear families, 401 female-offspring nuclear families, and 729 
unrelated older males) were recruited.  Ten tag single nucleotide polymorphisms (SNPs) within the PRDM16 gene were genotyped 
using multiplex quantitative real-time PCR by Taqman assay.  Body compositions were measured by dual-energy X-ray absorptiometry 
(DXA).  The associations of the SNPs with the obesity-related phenotypes were analyzed using the quantitative transmission disequilib-
rium test (QTDT), GLM-ANOVA and PLINK statistical methods. 
Results: Rs2236518 was the only SNP that was associated with BMI in young (aged 20–40 years) males (P=0.011) using QTDT, and 
in the older men (aged 50–80 years) (P=0.003) using GLM-ANOVA.  No significant associations were detected in the females.  Nor was 
a relationship found between any haplotype and obesity-related phenotypes.  When PLINK was used, no significant relationship was 
detected between 10 SNPs and obesity-related phenotypes in any of the studied cohorts. 
Conclusion: Rs2236518 is associated with BMI in the young males (using QTDT), and the older males (using GLM-ANOVA).  However, 
the result is not confirmed using PLINK.  The discrepancy needs to be further addressed.  
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Introduction
Obesity is a state of excess body fat that results from excess 
energy storage.  Human obesity belongs to a group of risk 
factors known as the metabolic syndrome, which is influ-
enced by genetic, physiological, behavioral, and socio-cultural 
factors[1,2].  Therefore, obesity is currently an area of interest 
for research.  Brown adipose tissue (BAT) dissipates chemical 
energy to produce heat as a defense against cold.  Interest in 
the development and regulation of BAT has exploded in the 
past few years.  Clearly, much of the interest in this cell type is 
due to its role in preventing hypothermia and obesity.  PRD1-

* To whom correspondence should be addressed. 
E-mail ZZL2002@medmail.com.cn
Received 2012-10-10    Accepted 2012-12-24

BF-1-RIZ1 homologous domain containing protein-16 (PRDM16) 
is the first known cell-autonomous transcriptional component 
that is both necessary and sufficient to stimulate the develop-
ment of brown fat cells[3].

PRDM16 is situated on chromosome 1p36.3[4].  It is a 140 
kDa zinc-finger protein that was originally identified at a chro-
mosomal breakpoint in t(1;3)(p36;q21)-positive human acute 
myeloid leukemia cells, and it contains 17 coding exons and 
spans approximately 400 kb[5].  In 2007, one study found that 
brown fat cells contain an abundance of the zinc-finger protein 
PRDM16[6].  Soon afterwards, another study demonstrated that 
PRDM16 can act as a bi-directional switch that directs cell fate 
to skeletal myoblasts or brown fat cells[7].  In 2008, two studies 
presented evidence that PRDM16 stimulates brown adipo-
genesis by binding to the peroxisome proliferator-activated 
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receptor-γ (PPAR-γ) and activating its transcriptional func-
tion.  The loss of PRDM16 from brown fat precursors causes 
a loss of brown fat characteristics and promotes muscle dif-
ferentiation.  Conversely, the ectopic expression of PRDM16 
in myoblasts induces differentiation into brown fat cells[8, 9].  
Animal studies have indicated that PRDM16 transgenic mice 
display increased energy expenditure, limited weight gain, 
and improved glucose tolerance in response to a high-fat 
diet[10].  Therefore, the above findings suggest new therapeu-
tic avenues for reducing obesity and its associated diseases.  
These studies prompted our hypothesis that PRDM16 genetic 
polymorphisms are associated with variations in body fat 
mass and lean mass in humans.

In recent years, a wealth of studies have focused on the role 
of PRDM16 in BAT and white adipose tissue (WAT) and on 
the possible mechanisms by which PRDM16 directs cell fate 
to skeletal myoblasts or brown fat cells[9, 11–13].  To our knowl-
edge, no study has been performed on the genetic association 
of PRDM16 polymorphisms with obesity-related phenotypic 
variation in humans.  In the present study, based on a large 
sample including two Chinese nuclear families and one inde-
pendent cohort, we performed family-based [quantitative 
transmission disequilibrium test (QTDT)] and population-
based (ANOVA) association studies of the 10 tag single nucle-
otide polymorphisms (SNPs) in the PRDM16 gene to examine 
whether these SNPs in PRDM16 contribute to the observed 
variation in obesity phenotypes in the Chinese Han popula-
tion.  The purpose of this study was to establish an important 
foundation for the further elucidation of the multiple mecha-
nisms by which PRDM16 modulates obesity phenotypes.

Materials and methods
Subjects
All study subjects belonged to the Chinese Han ethnic group.  
For each study subject, we collected information on age, sex, 
medical history, family history, marital status, physical activ-
ity, alcohol use, dietary habits, and smoking history.  We 
also collected information on menses, obstetrical history, and 
history of hormonal contraceptive use in the female subjects.  
Exclusion criteria were the same as in our previous studies[14].

The study was approved by the Ethics Committee of the 
Shanghai Jiao Tong University Affiliated Sixth People’s Hos-
pital.  All subjects involved in this study were recruited by an 
osteoporosis center from a local population in Shanghai City, 
which is located in the middle of the east coast of China, and 
all subjects signed written informed consent before entering 
this study.  

Anthropometric measurements
In the male-offspring nuclear families, fat mass (kg) and lean 
mass (kg) (including arms, legs, trunk, and total body) were 
measured by dual-energy X-ray absorptiometry (DXA) on 
a Lunar Prodigy (GE Lunar Corp, Madison, WI, USA).  The 
DXA scanner was on fan-beam mode.  The machine was cali-
brated daily.  Its coefficients of variability (CV) (obtained from 
7 volunteers with 5 measurements each) for the fat mass of the 

upper limbs, lower limbs, trunk, and total body were 3.72%, 
3.28%, 2.52%, and 3.72%, respectively; the CV for the lean mass 
measurements at the above sites were 1.18%, 1.59%, 1.12%, 
and 1.18%, respectively[14].  The long-term precision (expressed 
as the CV of our DXA instrument that was determined by 
daily measurements of a phantom) was 0.45% during the 
study period[14].

Height was measured to the nearest centimeter on a wall-
mounted stadiometer, and body weight was measured to the 
nearest 0.1 kg on a standard balance beam scale, with subjects 
wearing light indoor clothing and no shoes.  Both the stadi-
ometer and the balance beam scale were regularly calibrated 
during the study.  Body mass index (BMI) was calculated as 
the weight in kilograms divided by the square of the height in 
meters, and the fat/lean mass percentage (FM%/LM%) was 
calculated as the ratio of the fat/lean mass to body weight (ie, 
the sum of fat mass, lean mass, and bone mass).

SNP selection and genotyping
The SNPs were selected from the National Center for Biotech-
nology Information (NCBI) dbSNP and HapMap databases.  
The SNP selection was based on the following criteria: (1) vali-
dation status, especially in a Chinese population; (2) the degree 
of heterozygosity [minor allele frequencies (MAFs)>0.4]; (3) 
the pairwise linkage disequilibrium (LD) of the algorithm-
determined bin of the SNP exceeding a threshold value 
(r2=0.8); and (4) the SNP being a maximally informative site 
for PRDM16.  Therefore, we selected 10 tag SNPs: rs731031, 
rs12095716, rs4415513, rs11578011, rs12024847, rs2483225, 
rs4648500, rs870171, rs2493272, and rs2236518.  Among these 
SNPs, only rs2236518 is located in the 3′UTR region of exon 17.  
The other nine SNPs are all located in introns.  

A 5-mL blood sample was drawn from all subjects after 
a 12-h overnight fast and combined with disodium EDTA.  
Genomic DNA was extracted from the peripheral blood sam-
ples by routine methods.  The TaqMan allelic discrimination 
assay (Applied Biosystems, Foster City, CA, USA) was used 
for the genotyping.  The primer and probe sequences were 
optimized using the SNP assay-by-design service of Applied 
Biosystems.  The amplification and allelic discrimination were 
performed in an Mx3000P Real-Time PCR System (Stratagene, 
CA).  Random duplicate genotyping was routinely undertaken 
during the study and a mean genotyping error rate of less than 
1% was found for all SNPs.  

LD and haplotype analyses
Haplotypes were constructed from the population genotype 
data using the Stephens algorithm and the Phase program 
version 2.0.2[15].  The significance level of the LD between 
the markers for the PRDM16 gene was assessed using the 
observed haplotypes, the allele frequencies, and the Hap-
loview software (version 3.2).  We examined Lewontin’s D′ 
and the r2 coefficient between all pairs of biallelic loci.  The 
frequencies of the genotypes and haplotypes were calculated 
using a group of 800 unrelated subjects (the parents from the 
400 male-offspring nuclear families).
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Statistical analyses
The allele frequencies were estimated by gene counting.  The 
Hardy-Weinberg equilibrium was tested by a χ2 goodness-of-
fit statistic.  The QTDT program using the orthogonal model 
was used to test for population stratification, linkage, and 
within-family association between the SNPs, haplotypes, and 
obesity-related phenotypes.  The QTDT software package is 
available on the internet (http://www.sph.umich.edu/csg/
abecasis/QTDT/).  The obesity phenotypes were adjusted by 
age.  Owing to the possibility of false-positive results in mul-
tiple tests, 1000 permutations of the data sets were performed 
to obtain the empirical P values and assess the reliability of 
the results.  The QTDT program generates P values for vari-
ous tests using a distribution that is asymptotically χ2.  A P 
value threshold of 0.05 was considered significant for all of the 
analyses.  

In addition, a general linear model-ANOVA (GLM-
ANOVA) was performed for our independent cohort of 729 
older men.  This analysis was used to compare the mean 
values of the phenotypic variables across the genotype com-
binations while adjusting for covariates (age).  The statistical 
analysis was performed using the SPSS (Statistical Package for 
the Social Sciences) software package, version 11.0 (SPSS, Chi-
cago, IL, USA).  

In this study, PLINK[16] was also used in quality control fil-
tering and association tests.  P values <0.05 were defined as 
nominally significant, and samples were further subjected to 
false discovery rate (FDR) correction to account for multiple 
comparison problems.  A P value <0.05 after Bonferroni cor-
rection for multiple tests was used to determine statistical sig-
nificance.
 
Results
The basic characteristics of the study subjects
Four hundred male-offspring nuclear families, consisting of 
1215 individuals with at least 1 healthy male child aged 18–44 
years (mean age 30.4±6.1), were recruited in 2004–2007.  The 
average family size was 3.03; 412 families had 1 child and 15 
had 2 children.  The 401 female-offspring nuclear families, 

consisting of 1260 individuals with at least 1 healthy female 
child aged 20–40 years (mean age 31.4±5.8), were recruited 
in 2000–2004.  The average family size was 3.14; 348 families 
had 1 child, 50 had 2 children, 2 had 3 children, and 1 had 4 
children.  All recruited daughters were pre-menopausal.  An 
independent study cohort, consisting of 729 unrelated healthy 
males aged 50–80 years (mean age 61.1±7.1), was recruited in 
2008–2009.  The basic characteristics of the subjects are shown 
in Table 1.

Association between obesity-related phenotypes and SNPs and 
haplotypes in the male-offspring nuclear families
A total of 1215 subjects were successfully genotyped from the 
400 families.  All 10 polymorphisms met the expectations of 
Hardy-Weinberg equilibrium (HWE).  Detailed information 
on the PRDM16 SNPs analyzed in this study and the MAFs in 
dbSNP is listed in Table 2.  

Based on the D′ values, we found two blocks of substantial 
LD.  Block 1 contained rs11578011, rs12024847, and rs2483225 
and had D′ values ≥0.69, and block 2 contained rs4648500, 
rs870171, and rs2493272 and had D′ values ≥0.71 (Figure 1).  
Owing to the strong LD among the polymorphisms, 7 frequent 
haplotypes were inferred in block 1 and block 2 using the like-
lihood method from the PHASE software.  The haplotypes and 
their frequencies in block 1 were GTA (53.8%), ACG (25.4%), 
ATA (6.5%), ACA (4.8%), GCG (4.1%), GCA (3.7%), and GTG 
(1.2%).  The 7 haplotypes in block 1 together accounted for 
99.5% of the total population.  The haplotypes and their fre-
quencies in block 2 were GCT (39.2%), TAC (34.9%), TCT 
(2.9%), GCC (6.9%), TCC (6.3%), GAC (5.8%), and TAT (3.0%).  
The 7 haplotypes in block 2 altogether accounted for 99.1% of 
the total population.

There were 279, 293, 296, 290, 294, 256,285, 284, 280, and 250 
informative nuclear families for the TDT analysis at rs731031, 
rs12095716, rs4415513, rs11578011, rs12024847, rs2483225, 
rs4648500, rs870171, rs2493272, and rs2236518, respectively.  
Population stratification was detected for rs2236518 and trunk 
fat mass (P=0.023).  Rs2236518 had significant within-family 
associations with BMI (P=0.011).  One thousand permutation 

Table 1.  Basic characteristics of the study cohorts.  All data are presented as mean±SD for the raw phenotype values without adjustment. FM% is the 
abbreviation of fat mass percentage and LM% is the abbreviation of lean mass percentage. 

                                                               
Male-offspring nuclear families                               Female-offspring nuclear families

                  Independent 
                                                                                                                                                                                                                                              cohort
                                   Father           Mother         Son                      Father                  Mother           Daughter          Older males 
 
 Number        400        400        415        401        401        458        729
 Age (years)    61.1±7.1   58.4±6.4   30.4±6.1   62.4±6.6   59.5±6.6   31.4±5.8      61.1±7.1
 Height (cm) 166.7±6.0 155.8±5.5 173.0±5.9 166.2±6.1 154.6±5.6 159.8±5.2 166.7±6.0
 Weight (kg)   69.6±9.5   58.3±8.2   70.6±10.7   68.4±10.0   59.2±8.6      55.1±8.0   69.6±9.5
 BMI (kg/m2)   25.2±2.7   24.0±3.1   24.2±3.2   24.8±3.1   24.7±3.2    21.6±2.9   25.2±2.7
 Fat mass (kg)           –           – 16.31±7.56           –           –            –            –
 Lean mass (kg)           –           – 51.43±5.76           –           –            –           –
 Trunk fat mass (kg)           –           –   9.34±4.37           –           –            –           –
 FM%           –           –   21.9±7.3           –           –            –           –
 LM%           –           –   73.2±6.9           –           –            –           –
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tests were performed to improve fidelity and further confirm 
the above findings (P=0.021) (Table 3).  We failed to find a 
relationship between any haplotype and obesity-related phe-
notypes (data not shown).  

Rs2236518 was the only polymorphism that showed associa-
tion with BMI in the male-offspring nuclear families.  There-
fore, rs2236518 was selected to further analyze in the female-
offspring nuclear families and the independent cohort consist-
ing of 729 older males.

Association between BMI and rs2236518 in the female-offspring 
nuclear families
Because fat mass values had not been measured in females, 

BMI was the only obesity-related phenotype whose association 
with the genotypes could be tested.  However, no significant 
within-family association between rs2236518 and BMI was 
detected using QTDT in daughters from the female-offspring 
nuclear families (data not shown).  

Association between rs2236518 and BMI in 729 older males
Only BMI, age, height, and weight had been measured in 
the unrelated 729 older males when they were recruited, and 
BMI was the representative obesity-related phenotype in 
this cohort.  The BMI values were adjusted by age as cova-
riates.  Rs2236518 was found to be associated with BMI in 
the ANOVA model (P=0.003).  The adjusted BMI was 3.65% 
higher in the subjects carrying the TT genotype than in the 
individuals with the GG genotype; the adjusted BMI was 3.4% 
higher in the subjects carrying the GT genotype than in the 
subjects with the GG genotype.  Rs2236518 explained 1.55% of 
the BMI variation (Table 4).

Association between rs2236518 and BMI in the three studied 
cohorts using PLINK
Unfortunately, no significant relationship between rs2236518 
and BMI was detected in any of the three groups (Table 5).

Discussion
Obesity is a health problem that is caused by disequilibrium 
between caloric intake and expenditure, and it presents with 
excessive body fat accumulation.  Obesity is a serious public 
health problem, and individuals with obesity are more likely 
to develop other serious diseases, such as diabetes, hyperten-
sion, and coronary heart disease[17].  BMI and fat mass are 
different obesity-related phenotypes that are known to be 
under strong genetic control (with a suggested heritability of 
40%–60%)[18].  Heritability, candidate genes, and genome-wide 
linkage analyses for fat mass and lean mass have been widely 
reported in numerous publications[19, 20].  In this study, we 
investigated the associations between PRDM16 gene polymor-
phisms and DXA-determined fat mass in our large samples.

Table 2.  Information on the PRDM16 polymorphisms used in this study.

        
SNP                        Allele               Function              Position

        MAF in dbSNP           MAF in dbSNP               Typing       MAF  
                                                                                                                                            (CHB)              (CEU)         method               in this study
 
 rs731031 C/T Intron1 3062552 T: 0.489 C: 0.225 FAM/VIC T: 0.416
 rs12095716 C/G Intron2 3107538 C: 0.411 C: 0.203 FAM/VIC C: 0.377
 rs4415513 T/C Intron3 3251542 C: 0.489 C: 0.425 FAM/VIC C: 0.435
 rs11578011 A/G Intron5 3308392 A: 0.422 A: 0.375 FAM/VIC A: 0.373
 rs12024847 T/C Intron6 3310659 C: 0.357 T: 0.362 FAM/VIC C: 0.38
 rs2483225 A/G Intron8 3314897 G: 0.311 T: 0.492 FAM/VIC G: 0.314
 rs4648500 T/G Intron12 3330715 T: 0.432 T: 0.367 FAM/VIC T: 0.47
 rs870171 C/A Intron14 3332664 A: 0.367 A: 0.275 FAM/VIC A: 0.447
 rs2493272 T/C Intron16 3339373 T: 0.433 T: 0.233 FAM/VIC T: 0.461
 rs2236518 G/T Exon17 3342732 T: 0.419 T: 0.214 FAM/VIC T: 0.495

MAF, minor-allele frequency; FAS, fluorescent allele-specific PCR (FAM/VIC).

Figure 1.  The linkage disequilibrium (LD) pattern in the PRDM16 gene is 
depicted as an LD matrix. The classic D′ measurement for all pairs of SNP 
markers was calculated to construct the LD matrix. The D′ value of each 
panel is substituted with different colors. Squares in red indicate a strong 
LD.
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BMI and fat mass were chosen as the obesity-related phe-
notypes in our study for two reasons.  First, the World Health 
Organization (WHO) has proposed BMI as a simple and 

practical measure of obesity.  In addition, BMI is the most 
commonly used obesity phenotype in epidemiological stud-
ies.  Second, fat mass can be easily and accurately determined 
by DXA, and it can be used to confirm BMI findings, given 
that BMI alone may not always be appropriate for defining 
obesity[21].  

To eliminate false positive results, QTDT was used to detect 
population stratification and analyze within-family associa-
tions, and within-family association between rs2236518 and 
BMI (P=0.011) was detected in the male-offspring nuclear 
families.  However, the haplotype analysis did not provide 
any significant evidence to support the above positive result.  
Interestingly, the relationship between rs2236518 and BMI was 
detected in the independent cohort of 729 older males using 
GLM-ANOVA, whereas no association was found between 
rs2236518 and BMI in the daughters from the female-offspring 
nuclear families.  This discrepancy suggests that the associa-
tion between PRDM16 and BMI variations may be gender 
specific.  The latest studies also supported this hypothesis that 
the association between PRDM16 genotype and BMI is specific 
to females.  Xi et al[22] confirmed the synthetic effect of SNPs 
on the indices of adiposity and risk of obesity in Chinese girls 
but not in Chinese boys.  Another study performed in Chinese 
children also indicated that gender differences may exist in 
various obesity-related genes[23].  In our study, the reasons for 
the difference between the sexes may be as follows: 1) the adi-
pose tissue distribution between women and men is quite dif-
ferent and 2) bone geometric structures vary between genders.  
Nevertheless, studies with larger sample sizes are needed to 
confirm these hypotheses.  However, it is difficult to explain 

Table 3.  Association between PRDM16 gene polymorphisms and obesity-related phenotypes (using QTDT).  Each obesity-related phenotype is adjusted 
for age.  Bold indicates significant P values (P<0.05).

                         rs731031    rs12095716    rs4415513    rs11578011   rs12024847    rs2483225    rs4648500     rs870171    rs2493272   rs2236518
 
Tests of population stratification
BMI 0.786 0.388 0.645 0.370 0.731 0.783 0.277 0.459 0.950 0.114
runk FM 0.312 1.000 0.147 0.856 1.000 1.000 0.305 1.000 0.889 0.023
Total FM 0.179 0.338 0.106 0.724 0.743 0.595 0.296 1.000 0.640 0.270
PFM 0.253 0.608 0.319 0.586 0.653 0.998 0.621 0.653 0.328 0.083

Tests of total association
BMI 0.911 0.359 0.180 0.308 0.028 0.019 0.775 0.761 0.642 0.007
Trunk FM 0.212 0.099 0.786 0.566 0.750 1.000 0.549 0.396 1.000 0.263
Total FM 0.206 0.811 0.966 0.518 0.559 0.963 0.289 0.469 0.307 0.004
PFM 0.262 0.875 0.702 0.951 0.991 0.694 0.331 0.530 0.529 0.394

Tests of within-family association
BMI 0.850 0.751 0.284 0.201 0.440 0.197 0.274 0.167 0.870 0.011
Trunk FM 0.866 0.076 0.413 0.794 0.056         1.000 1.000 0.707 0.442 0.060
Total FM 0.950 0.386 0.271 0.854 0.845 0.676 1.000 0.629 0.290 0.051
PFM 0.988 0.798 0.332 0.736 0.763 0.791 0.735 0.445 0.255 0.060

1000 p 1000 permutations of within-family association
BMI 0.829 0.770 0.345 0.226 0.481 0.219 0.303 0.632 0.895 0.021

Table 4.  Association between rs2236518 and BMI in the the unrelated 
older males using GLM-ANOVA.  Values are given as means±SD; P values 
for ANOVA (adjusted for age).  cP=0.002, G/G versus T/T; fP=0.006, G/G 
versus G/T.

         Genotype                      n                            BMI
 
 Rs2236518  
 G/G 207 24.089±3.141cf

 G/T  217 24.911±3.003
 T/T 305 24.967±3.093
 P value  0.003

Table 5.  Association between rs2236518 and BMI in the three studied 
cohorts using PLINK.

   SNP                                                   BMI
 
Rs2236518 Young males Young females Unrelated older males
Bonferoni P      0.1883       0.6435            0.5613
FDR P      0.0779       0.4755            0.3926

FDR, false discovery rate; BMI, body mass index. A P value <0.05 after 
Bonferroni correction for multiple tests was used to determine statistical 
significance.
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why no significant relationship between 10 SNPs and obesity-
related phenotypes was detected in any of the studied cohorts 
by using PLINK, which is quite different from the results we 
obtained using other statistical methods.  Hence, we cannot 
draw a clear conclusion regarding whether rs2236518 is associ-
ated with the normal variation in obesity-related phenotypes 
in Chinese people.  Further work should be performed to fur-
ther verify the results we obtained.

In recent years, a large number of studies have examined 
the mechanisms of obesity, especially brown adipogenesis.  
One recent study showed that Plac8 is a critical upstream 
regulator of brown fat differentiation, and its overexpres-
sion induces C/EBPβ and PRDM16 expression using brown 
preadipocytes[24].  Cao et al found that environmental enrich-
ment induced the upregulation of PRDM16 in white fat, 
whereas hypothalamic overexpression of brain-derived neu-
rotrophic factor reproduced the enrichment-associated activa-
tion of the brown fat gene program and lean phenotype[24].  In 
addition, Yadav et al showed that Smad3(–/–) adipocytes dem-
onstrated a marked increase in mitochondrial biogenesis, with 
a corresponding increase in basal respiration, and that Smad3 
acted as a repressor of PGC-1α expression and regulated 
energy homeostasis[25].  One recent animal study indicated that 
the WAT of FSP27-deficient mice had a gene expression pro-
file similar to that of BAT, and that FSP27 acted as a molecular 
determinant that controls C/EBPα/β and PRDM16 gene expres-
sion and components of the cAMP signaling pathway[26].  

Although experiments in vitro or in vivo have demonstrated 
the close relationship between PRDM16 and obesity, our study 
does not confirm the link in humans.

Our study has several important strengths.  First, our sub-
jects were taken from 400 male-offspring nuclear families, 401 
female-offspring nuclear families, and 729 independent older 
males, which make our study more credible, and the sample 
size was large enough to detect quantitative trait loci (QTL).  
Second, we investigated 10 PRDM16 tag SNPs.  The tag SNPs 
included more informative SNPs, and they may have been 
more representative than non-tag SNPs.  Third, the tag SNPs 
we selected had relatively high heterozygosity, to maximize 
the study’s power to detect associations with obesity pheno-
types.  

Our study also has some limitations.  First, we studied only 
healthy men and healthy young females of the Chinese Han 
ethnic group, so caution is needed when generalizing our con-
clusions to other populations.  Second, because fat mass and 
lean mass values were not measured in the female-offspring 
nuclear families and the independent cohort of 729 older 
males, the only obesity-related phenotype studied in these two 
populations was BMI, which may not always be appropriate 
for defining obesity.  Thus, our analysis of the relationship 
between PRDM16 genetic variations and obesity-related phe-
notypes was not complete.  Additional obesity phenotypes are 
needed for further analysis.  

To our knowledge, this is the first study to investigate the 
relationship between PRDM16 SNPs and haplotypes and obe-
sity-related phenotypes in the Chinese Han population.  Our 

study suggested that genetic variation at the PRDM16 gene 
may not contribute to the obesity-related phenotypic variabil-
ity in Chinese Han population.  There is not enough evidence 
to show that the PRDM16 gene is a candidate gene for the 
genetic determination of body composition in the Chinese Han 
ethnic group.  Larger sample sizes and samples from different 
ethnic populations are needed to replicate our results.  
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