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Abstract

Background: Circadian rhythms regulate key biological processes and the dysregulation of the intrinsic clock
mechanism affects sleep patterns and obesity onset. The CLOCK (circadian locomotor output cycles protein kaput)
gene encodes a core transcription factor of the molecular circadian clock influencing diverse metabolic pathways,
including glucose and lipid homeostasis. The primary objective of this study was to evaluate the associations
between CLOCK single nucleotide polymorphisms (SNPs) and body mass index (BMI). We also evaluated the
association of SNPs with BMI related factors such as sleep duration and quality, adiponectin and leptin, in 2962
participants (1116 men and 1810 women) from the Jackson Heart Study. Genotype data for the selected 23 CLOCK
gene SNPS was obtained by imputation with IMPUTE2 software and reference phase data from the 1000 genome
project. Genetic analyses were conducted with PLINK

Results: We found a significant association between the CLOCK SNP rs2070062 and sleep duration, participants
carriers of the T allele showed significantly shorter sleep duration compared to non-carriers after the adjustment for
individual proportions of European ancestry (PEA), socio economic status (SES), body mass index (BMI), alcohol
consumption and smoking status that reach the significance threshold after multiple testing correction. In addition,
we found nominal associations of the CLOCK SNP rs6853192 with longer sleep duration and the rs6820823,
rs3792603 and rs11726609 with BMI. However, these associations did not reach the significance threshold after
correction for multiple testing.

Conclusions: In this work, CLOCK gene variants were associated with sleep duration and BMI suggesting that the
effects of these polymorphisms on circadian rhythmicity may affect sleep duration and body weight regulation in
Africans Americans.
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Background

Obesity is a complex and multifactorial chronic disorder.
It is well known that body weight is strongly influenced by
genetic, behavioral and environmental factors [1]. Among
the environmental factors related to obesity, great import-
ance has been attributed to changes in eating patterns and
physical activity. However, other changes in behavior gen-
erated by current lifestyle practices may be associated with
obesity, including sleep patterns. In fact, regulation of
appetite and food intake is influenced by sleep duration,
and sleep restriction, which in turn may contribute to an
increase risk of obesity [2]. Common genetic effects were
observed between insomnia and both sleepiness and
obesity, suggesting shared genetic contributions to these
phenomena [3].

In most living organisms, biological processes are orches-
trated by 24-h cycles of light and dark that indicate the
optimal timing of physiological and behavioral functions.
These rhythmic daily physiological adaptations known as
“circadian rhythms™ (circa = around; dies = one day) re-
peated every 24 h are essential to coordinate vital processes
including hormone secretion, body temperature regulation
and feeding behavior with the exogenous environment [4].
However, circadian rhythms are not merely a response to
the environmental 12-h photoperiod but also arise from a
endogenous timekeeping mechanism which is composed of
circadian clocks, these circadian timers not only include the
central or “master clock” located in the suprachiasmatic
nucleus (SCN) of the ventral hypothalamus but also periph-
eral oscillators located in different tissues [5]. This system is
emerging as a key and modifiable factor involved in the
development of metabolic alterations since disruptions in
this system (chronodisruptions), for example such as
altered sleep patterns associated with shift working, are as-
sociated with metabolic alterations and increased adiposity.
Moreover, studies in children and young adults have shown
a direct association between fewer hours of sleep and
weight gain, and an increased chance of developing obesity
in adult life [6, 7]. The core components of the circadian
clock mechanism in mammals are genes that encode highly
conserved transcription factors and enzymes. The link
between circadian rhythmicity and the optimal functioning
of relevant metabolic processes has been established at
multiple levels, with the discovery that the circadian time-
keeping function of the clock genes through transcriptional
translational feedback loops is not limited to the SNC but
also to most peripheral cells and tissues of the body, includ-
ing those involved in metabolic homeostasis and feeding
behavior such as mediobasal hypothalamus, liver, muscle,
and adipose tissue [8, 9]. Recent investigations also revealed
the importance of the adipocyte-intrinsic timekeeping
mechanism in regulating adipose tissue physiology and
consequently glucose and lipid metabolism and adipocyto-
quine circadian release [10-13].
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The transcription factor encoded by the CLOCK gene
plays a key role in the mammalian circadian system. This
transcription factor also contributes to a normal energy
metabolism influencing different metabolic pathways such
as glucose and lipid metabolism in target organs including
muscle, liver and adipose tissue [14]. Thus, some meta-
bolic disorders are frequently associated with mutations in
clock related genes explained by an altered expression of
these transcriptional regulators which in turn affect key
metabolic factors that regulate feeding behavior at the
hypothalamic level and energy metabolism in peripheral
tissues [15, 16]. Studies have shown that CLOCK mutant
mice present altered feeding patterns, increased body
weight and develop metabolic syndrome accompanied by
alterations in lipid and glucose metabolism. These findings
support that a tight connection exists between the en-
dogenous circadian system and metabolism [16, 17]. In
addition, the CLOCK gene region (4q12) was linked to
obesity in a microsatellite-based whole-genome linkage
analysis [18]. Single nucleotide polymorphisms (SNPs) in
this gene have been related with sleep reduction, adipocy-
toquine concentrations [19], body mass index (BMI) and
energy intake [20]. Garaulet et al. also described an inter-
action between CLOCK SNPs and fatty acids influencing
metabolic syndrome traits [21]. Analyses of the human
clock genes diversity patterns in terms of environmental
adaptation have led to contradictory conclusions, with dif-
ferent studies supporting either the simple effects of gene
flow and genetic drift [22] or the influence of natural posi-
tive selection based on environmental variables such as
seasonal variations in day length or photoperiod across
latitudes acting as selective pressure [23, 24]. African
Americans an admixed population in terms of genetic
ancestry, have a higher prevalence of obesity and meta-
bolic alterations as well as suboptimal sleep durations than
other ethnic groups, but to date no studies have evaluated
the relationship between CLOCK polymorphisms and
sleep duration and the presence of obesity in a large
sample of African Americans. Thus, the Jackson Heart
Study (JHS) may enable us to validate and replicate these
findings as well as to investigate whether these health
disparities could be in part explained by the differences in
genetic associations of the CLOCK genes with variables
related to body weight regulation.

Research design and methods

Study sample

The JHS is a large community-based, prospective cohort
study initiated in 2000 to investigate risk factors of heart
disease in adult African Americans. The JHS includes a
total of 5301 self-reported African Americans, aged 21 to
94 years, residing in three adjacent counties in the Jackson,
MS metropolitan area that were recruited, interviewed and
examined by certified technicians according to standardized
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protocols at a baseline exam visit (2000—2004) [25, 26]. The
clinic visit included physical examination, anthropometry,
survey of medical history, cardiovascular risk factors and
collection of blood and urine for biological variables. A
total of 3029 (57.1%) participants gave written consent for
participation in the genetic analyses and were genotyped
using the Affymetrix Genome-Wide Human SNP Array 6.0
(Affymetrix, Santa Clara, CA, USA). The final sample for
the present study included 2926 participants (1116 men
and 1810 women) who had available CLOCK SNPs geno-
typing information, serum adiponectin and leptin measure-
ments, as well as self-reported sleep quality and quantity
data. The study protocol was approved by the institutional
review boards of the National Institutes of Health and the
participating JHS institutions including the Jackson State
University and the University of Mississippi Medical Center,
Jackson State University and Tougaloo College.

Study outcome variables

Weight was measured to the nearest 0.5 kg using a balance
scale, in light clothing, without shoes. BMI was calculated
as the weight in kilograms divided by the square of height
in meters. Fasting (8 h) venous blood samples were drawn
from each participant at baseline visit. Serum vials were
stored at the JHS central repository in Minneapolis, MN,
at —80 °C until assayed. Serum Adiponectin concentrations
were measured using an ELISA system (R&D Systems;
Minneapolis, MN, USA) [25, 27]. The inter-assay coeffi-
cient of variation was 8.8%. Leptin serum concentrations
were measured using the Human Leptin RIA kit (LINCO
Research, St Charles, MI, USA) with an acceptable coeffi-
cient of variation of 10% (22). No biological degradation
has been described using stored specimens, indicating a
high validity for our measurements.

Sleep duration was defined in hours, based on self-
reported responses to the following question: “During the
past month, excluding naps, how many hours of actual
sleep did you get at night—or during the day, if you work
at night—on average?” Perceived quality of sleep (“During
the past month, how would you rate your sleep quality
overall?”) was a self-rated assessment based on the selection
of the following options; “Excellent,” “Very Good,” “Good,”
“Fair,” or “Poor.”

Covariates

The information of the main covariates that are known to
influence body weight and serum leptin and adiponectin
concentration was collected at baseline. Age was derived
from date of birth. Socioeconomic status (SES) was based
on self-reported annual household income and divided into
three categories (<$20,000, $20,000 — $50,000, > $50,000).
Smoking status was self-reported and defined as current
smoker vs. former/never smoker. Alcohol drinking status
was also self-reported and defined as “yes” if participant

Page 3 of 10

reported ever consuming alcohol and “no” for those report-
ing never consuming alcohol.

Global European Ancestry estimates for our sample were
calculated as previously described [28] using HAPMIX in
an analyses supported by the CARe consortium [29-31].
Briefly, For the selection of Ancestry Informative Markers
(AIMs) two parental populations that included 1178
European Americans and 756 Nigerians from the Yoruba
region were used.. First, using EIGENSOFT ([32], a total of
3192 unlinked AIMs were obtained with an allele frequency
between parental samples of at least 30%. Next, HAPMIX
was run in a mode that assigns European or African ances-
try to each allele, thus resolving the local ancestry of each
allele when both genotype and local ancestry were hetero-
zygous. Finally, the proportion of the global European
ancestry (PEA) for each sample was computed as the aver-
age of local ancestry estimates across the genome (scaled to
0.0, 0.5 or 1.0). The proportion of global European ancestry
estimates for this sample study had a median of 15.0%.

SNP selection, genotyping and imputation

With the aim to investigate all the genetic variability in
the CLOCK gene we used a tag SNP approach for the se-
lection of the genetic variants in the study. This tagging
approach was applied on the entire set of common gen-
etic variants in the CLOCK gene that included 5 kb up-
stream of the first exon and 5 kb downstream of the last
exon, with minor allele frequency (MAF) 21% in Yoruba
population (YBI) according to the International HapMap
Project (release #24; http://www.hapmap.org). The selec-
tion of tagging SNPs was made using the Tagger algo-
rithm available through Haploview [33], considering a
pairwise SNP selection with a minimum r? threshold of
0.8, this process resulted in the selection of 23 tagging
SNPs for the CLOCK gene, with a mean r” of the se-
lected SNPs of 0.969. This selection therefore captures a
high degree (over 95%) of the known common variations
in this gene. Additional relevant candidate SNPs were
selected after reviewing the literature.

Genotype imputation was performed using IMPUTE2
software based on reference phased data from the 1000
Genome Project. Details regarding the generation of the
data can be found in the Phase 1 article (The 1000 Ge-
nomes Project Consortium, 2012) [34]. Related individ-
uals were removed before the genotype imputation.

Related individuals were removed prior imputation. In
the first step of imputation, individuals with pedigree
relatedness or cryptic relatedness (pi_hat >0.05) were
removed. A subset of random individuals was selected in
the second step for estimating recombination and error
rates for the total sample, these rates were used to impute
all the individuals across the entire reference panel. Results
were filtered for imputation at an RSQ less than 0.7 and a
MAEF threshold of 0.01.
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SNPs quality control

SNP-level quality control metrics were applied prior to
downstream analyses. These were: call rate > 95%, minor
allele frequency (MAF) 21%, Hardy-Weinberg equilibrium
(HWE) p > 1072, and quality measures for imputed SNPs
(r* > 0.3).Additional files 1 Table S1 shows the characteris-
tics, minor allele frequencies and HWE p-values for the
studied CLOCK SNP. All the SNPs presented a high im-
putation quality (r* > 0.7). Of the 23 SNPs, five were devi-
ated from HWE (p < 0.001) and were removed for the
analysis. We exclude two variants with a MAF <0.05
(rs17777927 and rs17085885). After the exclusion, a total
of 16 SNPs were analyzed in this JHS cohort. The minor
allele frequencies for the analyzed SNPs ranged from
5.75% to 37.9%

Statistical analyses

Statistical Package SAS version 9.3 (SAS Institute Inc.,
Cary, North Carolina.) was used for descriptive statistical
analysis. Participant characteristics were summarized by
means and standard deviations for continuous variables
and counts and percentages for categorical variables.

The power calculation for testing the associations between
CLOCK SNPs and the study outcomes was computed using
QUANTO 1.2.3. (https://www.usc.edu/), considering minor
allele frequencies and the mean values of BMI and mean adi-
ponectin levels from the JHS study and the effect sizes origin-
ally reported by previous studies [35]. The sample size
required to detect a 2% of variation in adiponectin levels with
an 80% of power and considering a p-value of 0.001 is 845. A
X2 goodness-of-fit test was used for testing deviations from
Hardy-Weinberg equilibrium for each CLOCK SNP consid-
ering a significance threshold of P > 0.001.

Association analyses between the SNPs and the study
phenotypes were performed with PLINK software [36].
Associations between CLOCK SNPs and continuous (BMI,
adiponectin and leptin serum levels and sleep duration)
and categorical outcome variables (sleep quality) catego-
rized as poor and fair vs. good, very good, excellent were
tested with separate linear and logistic regression models
respectively under an additive genetic model adjusted for
age, gender, BMI, SES, smoking status, alcohol consump-
tion and except in the analysis with BMI as an outcome. To
control for population stratification, we include the
Percentage of European Ancestry (PEA) as a continuous
covariate into the models.

Adiponectin and leptin values were log-transformed to
obtain better approximations of the normal distribution
prior to analysis. A Bonferroni correction was applied to
the a priori alpha level of 0.05 and was calculated based
on the number of individual SNPs examined (0.05/16).
Therefore, a P-value threshold of 0.003 was used to
determine Bonferroni-corrected statistical significance
for CLOCK SNPs.
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Multi-marker haplotype-based association testing
Pair-wise linkage disequilibrium (LD) were constructed in
the examined region of the CLOCK gene using Haploview
(Broad Institute) [37]. The haplotype association analyses
were also conducted using the haplotype function in
PLINK.. Haplotypes with estimated frequency < 5% were
excluded from the analysis. In the case of the haplotype
analysis that included 5 marker combinations the P-value
threshold of 0.01 was accepted to determine Bonferroni-
corrected statistical significance (0.05/5). Similar to the
single variant association analysis, logistic and linear
regression models were used to test the associations
between the haplotypes and the study outcome variables.
All the models were adjusted for age, gender, PEA, BMI,
SES, smoking status, alcohol consumption and except in
the analysis with BMI as an outcome.

Results

Clinical and socio-demographic characteristics of the
study participants

Table 1 shows main baseline clinical and socio-demographic
characteristics of the study participants according to gender.
Of the 2926 self-identified African American participants,
1116 were men and 1810 were women. The median age
was 53.67 years for men and 54.88 years for women. BMI
was significantly higher in women compared to men (32.28
vs. 30.03, p < 0.0001). The prevalence of overweight and
obesity was significantly higher in women compared to men
(88.95% vs. 82.62%, p = 0.001). In comparison with men,
women also presented higher serum adiponectin (6.03 pg/
mL vs. 407 pg/mL, p < 0.0001) and leptin concentrations
(38.54 ng/mL vs. 11.78 ng/mL, p < 0.0001), longer sleep du-
rations (6.48 h vs. 6.31 h, p = 0.002) and a higher proportion
of annual household income <$20,000 (32.03% vs. 19.14%,
p < 0.0001). Compared with women, men had higher PEA
(0.18 vs. 0.17, p = 0.006) as well as higher annual household
income >$50,000 (46.71% vs. 28.50% p < 0.0001).

Clinical and socio-demographic characteristics of the
study participants according to sleep duration categories
Table 2 shows the participant characteristics by sleep dur-
ation categories. Approximately 69.7% (n = 2041) of the
participants reported sleeping an average of 6-8 h daily,
while those with short (<6 h) or long (>8 h) sleep daily
comprised 24.9% (1 = 730) and 5.3% (n = 155), respectively.
Participants with shorter sleep duration were younger
(p = 0.0002) and had significantly lower PEA (p = 0.0006)
compared to those with medium or longer sleep durations.
Participants who reported medium or long sleep durations
presented significantly lower BMI (31.38, 31.88 vs. 32.61
respectively, p = 0.03) and lower consumption of alcohol
(48.06, 33.55 vs. 50.27 respectively, p = 0.007) compared to
those sleeping less than 6 h daily. The percentage of current
smokers was lower among participants who reported
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Table 1 Baseline clinical and socio-demographic characteristics of the study participants

Variables Men Women
(N=1116) (N =1810)
Age (years) 5367 £ 130 54.88 + 12.71 00133
PEA 0.18 £ 0.09 0.17 £ 0.09 0.006
Annual household income
<$20,000- 19.14% 32.03% <0001
$20,000-50,000 34.16% 39.48%
>$50,000 46.71% 28.50%
Smoking status
Former/never smoker 82.04% 89.04% <.0001
Current smoker 18% 10.96%
Alcohol consumption
Former/never drinker 40.63% 59.28% <.0001
Current drinker 59.37% 40.72%
Leptin (ng/mL) 1178 £ 11.17 3854 + 24.87 <.0001
Adiponectin (ug/mL) 4.07 + 339 6.03 + 448 <.0001
BMI (kg/mz) 30.03 £ 6.34 3228 £7.80 <.0001
Normal-weight (BMI < 25) 17.38% 11.05% <.0001
Overweight/Obese (BMI 2 25) 82.62% 88.95%
Sleep duration (hours) 631 + 147 648 + 149 0.0021
Sleep duration categories
Short (<6 h) 23.98% 26.52% 0.09
Medium (6-8 h) 70.17% 69.09%
Long (>8 h) 5.86% 4.39%
Sleep quality
Poor 11.05% 9.14% 0.10
Fair 2541% 22.94%
Good 31.82% 34.14%
Very good 23.15% 23.48%
Excellent 8.56% 10.30%

Data presented as mean + SD or as percentages. P-values are calculated based on one-way ANOVA for continuous variables and X? test for categorical variables.

BMI: body mass index; PEA; proportion of global European ancestry.

medium sleep durations compared to those with short or
long sleep durations. There were no significant differences
in leptin and adiponectin concentration across sleep
duration categories.

Associations of CLOCK gene polymorphisms with sleep
patterns, BMI, and adipocitoquines related to body weigh
regulation

The associations between tagged CLOCK gene SNPs and
sleep parameters and variables related to body weight regu-
lation are presented in Table 3. The variant rs2070062 was
found to be significantly associated with sleep duration, the
analysis showed that carriers of the major allele T presented
significantly shorter sleep duration compared to non-
carriers that reached the significance threshold after Bon-
ferroni correction and adjusting for age, gender, BMI, SES,

smoking and PEA (P < 0.003). In the case of the variant
rs6853192, the T allele showed a nominally significant
association with shorter sleep duration as well. However, it
failed to reach significance threshold after Bonferroni cor-
rection (p = 0.02). In addition, we detected nominally sig-
nificant associations between the CLOCK intronic variants
rs6820823 and rs3792603 with lower BMI and rs11726609
with higher BMI although none of the variants reached the
significance threshold after Bonferroni correction (p = 0.01
for rs6820823 and rs3792603: p = 0.03 for rs11726609).

Associations of common five-marker haplotypes with
sleep patterns and variables related to body weigh
regulation

Figure 1 shows the linkage disequilibrium plot for the
selected SNPs in the CLOCK gene. The plot shows two
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Table 2 Baseline clinical and socio-demographic characteristics of the study participants by sleep duration categories

Variables Short (< 6 h) Medium (6-8 h) Long (>8 h) P value
730 (24.95%) 2041 (69.75%) 155(5.30%)
Age (years) 5369 + 1251 5437 +12.82 5831+ 136 0.0002
PEA 0.163 = 0.08 0.178 £ 0.09 0.173 £ 0.08 0.0006
Annual household income
<$20,000 26.84% 25.22% 51.52% <.0001
$20,000-50,000 38.78% 37.62% 28.03%
>$50,000 34.38% 37.16% 20.45%
Smoking status
Former/never smoker 83.33% 87.77% 81.94% 0.003
Current smoker 16.67% 12.23% 18.06%
alcohol consumption
Former/never drinker 49.73% 51.94% 66.45% 0.007
Current drinker 50.27% 48.06% 33.55%
Leptin (ng/mL) 29.61 + 27.02 27.78 + 2351 2949 + 2423 0.185
Adiponectin (ug/mL) 516 + 422 530 £ 4.16 563 + 457 042
BMI (kg/mz) 3261 +£7.75 31.88 = 7.34 3138 +£7.19 0.03
Normal-weight (BMI < 25) 12.88% 1342% 16.77%
Overweight/Obese (BMI 2 25) 87.12% 86.58% 83.23%

Data presented as mean + SD or as percentages.. P-values are calculated based on one-way ANOVA for continuous variables and X? for categorical variables. BMI:

body mass index; PEA; proportion of global European ancestry

major haplotype blocks in the CLOCK gene in this
particular African American cohort.

In order to study the combined effect of CLOCK SNPs in
the present study, the haplotype analysis only included com-
binations of those CLOCK variants that were significantly or
nominally associated with the study outcome variables (i.e.
rs2070062;  rs6853192;  rs3792603; rs6820823  and

rs11726609). When considering the five SNPs simultan-
eously, the five-marker haplotype analysis predicted three
common haplotypes (frequency > 5%). The most probable
haplotype (22222) had an estimated global frequency of
60%. To assess the association with BM]I, sleep duration and
quality, adiponectin and leptin serum levels we performed a
global test of association across all haplotypes, as well as

Table 3 Association of CLOCK SNPs with sleep parameters and variables related to body weight regulation

SNPs Adiponectin Leptin BMI Sleep Duration Sleep Quality
rs Alleles B (SE) Pvalue ( (SE) Pvalue B (SE) Pvalue (B (SF) Pvalue OR (SE) P value
rs6820823  A/G -0.018 (0.02) 043 —0017 (0.02) 049 -0.018 (0.007)  0.010 0.005 (0.00) 0.50 1.068 (0.07) 040
rs17721497  A/T 0.009 (0.03) 0.76 —-0.061 (0.03) 007 —-0.008 (0.009) 038 0.007 (0.01) 047 1.090 (0.10) 041
rs6820119  A/G —-0.027 (0.03) 036 0.0067 (0.03) 0.84 0.006 (0.009) 0.52 —0.005 (0.01) 0.60 0962 (0.10) 0.71
rs3792603  A/G -0.018 (0.02) 043 —0017 (0.02) 049 -0.018(0.007)  0.010 0.005 (0.00) 049 1.068 (0.07) 040
rs11932595  A/G -0.014 (0.04) 071 0018 (0.04) 068 2(0012) 032 —-0.003 (0.01) 081 0.899 (0.13) 043
rs17085763  T/C -0.023 (0.03) 045 —-0.003 (0.03) 092 0.006 (0.009) 048 —-0.005 (0.0 0.64 0.990 (0.10) 0.93
rs17085780 C/T 0.07 (0.05) 0.18 —0.006 (0.06) 091 0.006 (0.016)  0.70 0011 (001) 055 3(0.19) 035
rs2070062  T/G 0.007 (0.02) 0.77 —-0.009 (0.02) 073 0.001 (0.007) 083 —-0.027 (0.001)  0.003 0.920 (0.08) 032
rs7684048  T/C —0.071 (0.04) 008 0014 (004) 075 0.0001 (0.01) 099 0.007 (0.01) 064 1.030 (0.14) 083
157657206  T/C -0.110 (0.09) 024 0.066 (0.10) 0.53 —-0.010 (0.027) 069 —0.009 (0.03) 0.77 1.936 (0.37) 0.07
11726609  T/A 0.018 (0.01) 032 0.026 (002) 021 0012 (0.005) 003 —0.009 (0.00)  0.1725 0930 (0.06) 0.27
rs6853192  T/A —0.0005 (0.03) 098 0.044 (003) 022 0.0096 (0.010) 0.33 —-0.027 (0.01) 002 3(0.11) 034

Alleles listed as major/minor allele; Model adjusted for age, gender, BMI, SES, smoking status, alcohol consumption and PEA: The results of the association are
listed for continuous variables as the Beta (standard error) (8 (SE)) with the corresponding raw P-value. B coefficients represent the change in absolute trait values
of each additional risk allele. The results of the association are listed for categorical variables as OR (standard error) (OR (SE)) with the corresponding P-value.

SES: socio economic status; BMI: body mass index; PEA; proportion of global European ancestry; The variants rs1801260, rs17085747, rs11931061 and rs12648271
were removed from the table because the software was unable to fit the regression model
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Fig. 1 Linkage disequilibrium (LD) plot across the CLOCK gene: The horizontal white bar depicts the 117-kb DNA segment of chromosome 4q12
analyzed in the sample. In the LD plot each diamond represents the magnitude of LD for a single pair of markers. Black indicates strong LD
(r2 = 1.0); white indicates no LD (r2 = 0); and the gray tones indicate intermediate LD. The numbers inside the diamonds stand for r*values
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haplotype-specific association by linear or logistic regression
analysis adjusted for age, sex, smoking, SES and PEA.

As shown in Table 4, the five-marker haplotype analysis
that included combinations of the five SNPs that were sig-
nificantly associated with any of the study outcomes did not
reveal any significant association between these SNPs and
any of the analyzed variables that reached the significance
threshold after Bonferroni correction after adjustment for all
the covariates.

Discussion
In this study we analyzed the associations of genetic vari-
ants and five-marker haplotypes of the CLOCK gene with

sleep duration, sleep quality and factors related to body
weight regulation in a large African American sample
from the JHS. One of the main findings was the significant
association between the T allele of the rs2070062 SNP
with shorter sleep duration that remained significant after
the adjustment for covariates and correction for multiple
testing. Furthermore, we found that carriers of the T allele
of the rs6853192 showed a nominally significant associ-
ation with shorter sleep duration. In addition, the CLOCK
variants rs6820823 and rs3792603 were also nominally as-
sociated with lower BMI while the rs11726609 appeared
to be nominally associated with a higher BMI. These find-
ings are in accordance with previous studies reporting

Table 4 Associations between the most common five-marker haplotype combinations in the CLOCK gene with sleep and body

weight regulation related variables

Adiponectin Leptin BMI Sleep duration Sleep quality
Haplotype F B T B T B T P* B T P*  OR T P*
22,221 (GGGCA) 0.05 0.004 002 088 -0044 15 022 -0013 15 022 0025 38 0.05 095 025 061
22,112 (GGTTA)  0.19 0.079 371 005 -0025 030 057 —-0008 041 052 —-0.008 028 059 095 0.15 069
11,222 (AAGCA) 008 -0.019 030 057 0071 344 006 0015 1.7 0192 0015 127 025 111 096 032
12,222(AGGCA) 007 0017 043 043 0017 048 048 0015 391 004 —0.0005 0.003 095 09 031 057
22,222 (GGGCA) 060 —0.024 019 019 -0012 037 054 -0008 174 018 -0010 2.1 0.14 1.02 0.16 068

The results of the association are listed for continuous variables as the Beta (standard error) (B (SE)) with the corresponding P-value. B coefficients represent the
change in absolute trait values of each additional risk allele. The results of the association are listed for categorical variables as OR (standard error) (OR (SE)) with
the corresponding P*: adjusted p-value. Model adjusted for age, gender, BMI, SES, smoking status, alcohol consumption and PEA. SES: socio economic status; BMI:
body mass index; PEA; proportion of global European ancestry. F: haplotype frequency. T: T value from Wald test
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associations between genetic variants in the CLOCK gene
with energy intake, body weight regulation and sleep and
metabolic alterations [19-21, 38].

There is large epidemiologic evidence that has shown a
relationship between sleep curtailment and obesity and
metabolic alterations [39]. The link between lower BMI
with longer sleep durations has been replicated among
studies in different populations [6, 7, 40]. Although the
question of whether obesity in subjects with short sleep is
caused by increased energy intake versus decreased energy
expenditure has not been elucidated [39]. In our study,
subjects with longer sleep patterns presented a significantly
lower BMI which is consistent with previous reports
describing a lower BMI linked to longer sleep durations.
Additionally, in the last few years, several studies suggested
that the genetic contributors of the chronotype or the indi-
vidual characteristics determining morning or evening pref-
erence present an important role in regulating the
metabolism. In some of these studies, single nucleotide
polymorphisms in CLOCK genes were associated with in-
creased obesity and metabolic syndrome incidence [21, 41].

CLOCK transcription factor is a master regulator of the
rhythmic gene expression of a large number of transcription
factors involved in the regulation of numerous circadian
physiologic and behavioral functions [42] including sleep-
wake cycle and hunger regulation through endocrine signals
such as leptin and adiponectin. [43]. To date a number of
studies have investigated the relationship between CLOCK
gene SNPs and adiposity parameters and individual compo-
nents of the metabolic syndrome, some of these variants
have been correlated with BMI, metabolic syndrome [19,
41], energy intake [20] and T2D [38]. Garaulet et al. also
described an interaction between CLOCK SNPs and fatty
acids influencing metabolic syndrome traits. [21]. Obesity is
1.5 times more prevalent in African Americans compared to
other US populations. However, this is the first study to ex-
plore the association of CLOCK SNPs with some compo-
nents of body weight regulation in this racial group. We
observed in our population that the A allele for both CLOCK
intronic variants rs6820823 and rs3792603 was related to a
decreased BMI while the T allele of the rs11726609 was asso-
ciated with BML In this line studies conducted mainly in
Caucasian populations were able to find consistent associa-
tions of the functional variant 3111 T > C rs1801260 located
in the 3'-UTR in combination with a specific haplotype with
obesity, metabolic syndrome and the ability to reduce weight
in obese subjects [19, 21, 44, 45]. Overweight or obese
carriers of the C allele of this polymorphism present more
difficulty losing weight compared to TT homozygotes [19,
46] and presented higher BMI along with alteration in the
insulin resistance status [47, 48]. Besides the 3111 T > C
SNPD, the rs1554483, rs6843722, rs6850524, and rs4864548
CLOCK gene variants alone or combined in haplotypes have
been linked to the individual susceptibility to obesity [41].
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In addition to BMI, we observed a strong novel association
between the rs2070062 CLOCK SNP and sleep duration in a
manner that carriers of the T allele showed a significant
reduction in hours of sleep. Although the rs2070062 is an in-
tronic variant with an unknown function, we hypothesized
that it could be affecting the alternative splicing of the mRNA
or in linkage disequilibrium with other functional variant. To
date, GWAS studies identified common SNPs in the CLOCK
gene that explain only a 2% of the phenotypic variance in
self-report sleep phenotypes. However, a number of studies
conducted in European populations have examined the
association between CLOCK gene variants and sleep patterns
especially sleep duration [49, 50]. In a recent meta-analysis
including 194 SNPs in 19 candidate clock genes, Allebrandt
et al. showed that two SNPs (rs12649507 and rs11932595)
located in the intronic region of the CLOCK gene were asso-
ciated with sleep duration [49]. In addition, an important
interaction between the rs12649507 and sleep duration on
dietary fat intake was described in other work reinforcing the
importance of sleep duration on the genetic predisposition to
obesity [51]. These findings are in accordance with a recent
study examining diabetes in a big Japanese cohort were the C
allele of this polymorphism presented higher odds for sleep
disorders defined as short sleep durations [48]. However, the
replication of these findings in a large sample of European
ancestry participants showed no association between the ana-
lyzed CLOCK variants and sleep duration [50]. A plausible
explanation for the failure to replicate the findings is that the
authors only include participant with European ancestry
when there are significant known differences in the frequency
distribution of CLOCK gene alleles among populations [22]
and the lack of objective sleep duration measurements across
studies (all were self-reported). Further studies regarding the
potential interactions between restricted sleep and CLOCK
polymorphisms influencing the development of obesity are
needed. This is of importance in African Americans, a
population with a high prevalence of obesity related
disorders. In addition, the different self-reported methods
used among studies for sleep duration assessment or small
sample sizes cannot yield conclusive answers.

In summary, we found a novel strong association between
the CLOCK variant rs207006 and shorter sleep duration that
remained significant after multiple testing correction. In
addition, the T allele of the rs6853192 showed a nominally
significant association with shorter sleep duration. In relation
to body weight regulation, the intronic CLOCK SNPs
rs6820823 and rs3792603 appeared to be nominally associ-
ated with lower BMI while the rs11726609 was nominally as-
sociated with higher BMI. These findings point to a genetic
component in the link between chronodisruption and the
onset of obesity. However, the small effect of these variants
needs further exploration in large populations using robust
techniques for the assessment of sleep quality and duration
phenotypes such as polysomnography and actigraphy.
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Conclusion

In conclusion, in this study conducted in a large African
American cohort, we identified significant associations
between CLOCK SNPs and sleep duration and BMI that
suggest a potential effect of CLOCK gene variants in sleep
duration and body weight regulation. These findings
contribute to the understanding of endogenous circadian
disruptions at the molecular level and their link with meta-
bolic alterations. However, these associations need further
investigation in multi-ethnic studies that include gene-
environment interactions to truly understand the biological
differences in the genomic architecture of the circadian
system and clock regulation of metabolic functions.
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