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Misalignment of the internal circadian time with external physical time due to environmental factors or
due to genetic variantion in circadian clock genes has been associated with increased incidence of cardio-
vascular risk factors. Common genetic variation in circadian genes in the United States have been iden-
tified predominantly in European ancestry individuals. We therefore examined the association between
circadian clock single nucleotide polymorphisms (SNPs) in Clock, Cry1, Cry2, Bmal1 and Per3 genes and
cardiovascular risk factors in African Americans and Hispanic/Latinos. We analyzed 17 candidate circa-
dian SNPs in 1,166 subjects who self-identified as African-American or Hispanic/Latino and were enrolled
in the UIC Cohort of Patients, Family and Friends. We found significant differences in the minor allele fre-
quencies between African American and Hispanic/Latino subjects. Our analyses also established ethnic-
specific SNPs that are associated with cardiovascular risk factors. In Hispanic/Latinos, the rs6850524 in
Clock was associated with increased risk for hypertension, meanwhile rs12649507, rs4864546, and
rs4864548 reduced the risk, also rs8192440 (Cry1) reduced the risk for type 2 diabetes. In African
Americans, the Clock rs1801260 and rs6850524 were negatively associated with the presence of obesity;
Bmal1 rs11022775 reduced the risk for dyslipidemia; and the Cry2 rs2292912 increased the risk for dys-
lipidemia and diabetes. Genetic variations in candidate circadian-clock genes are associated with risk fac-
tors for cardiovascular disease in African-Americans and Hispanic/Latinos. Our findings may help to
improve cardiovascular risk assessment as well as better understand how circadian misalignment
impacts cardiovascular risk in diverse populations.
� 2021 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in the
United States, and is characterized by marked disparities in its
prevalence and health impact across different racial and ethnic
groups [1]. African Americans (AAs) and Hispanic/Latinos (H/Ls)
have disproportionately higher prevalence of traditional CV risk
factors, they also have worse prognosis when compared to the
non-Hispanic white populations [2]. While some of the increased
CVD risk and prevalence in ethnic minorities can be attributed to
socio-economic disparities, recent studies also point toward com-
mon genetic variation as key contributors [3–5]. However, even
though ethnic minorities have a greater burden of CV risk factors,
they are underrepresented in genetic association studies examin-
ing the association between single nucleotide polymorphisms
(SNPs) and CV risk. This may in part contribute to the persistence
of CV health disparities [6]. Candidate SNPs for diabetes, obesity,
hypertension (HTN), and dyslipidemia in subjects of European
and Asian descent vary widely from those associated with CV risk
factors in AAs and H/Ls [7–10]; underscoring the importance of
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ethnic diversity in establishing genetic associations with CVD and
CV risk factors.

The disruption of circadian rhythmicity is increasingly being
recognized as a major contributor to development of CV risk fac-
tors [11]. The master circadian clock is a complex structure located
in the suprachiasmatic nucleus of the hypothalamus and generates
a near 24-hour endogenous rhythm via transcriptional-
translational feedback loops involving the expression of key
circadian clock associated genes such as the Circadian Locomotor
Output Cycles Kaput gene (Clock), the Brain muscle arnt-like gene
(isoforms Bmal 1 and Bmal 2), the Period gene (isoforms Per1, Per2
and Per3) and the Cryptochrome gene (isoforms Cry1 and Cry2).
These feedback loops interactions generate the rhythmic oscilla-
tion which drives important metabolic and physiological tissue
functions [12]. Experimental models have demonstrated that many
key physiological variables are influenced by circadian rhythms
[13,14], and that misalignment between the internal circadian
time and the external physical time due to environmental or
genetic factors are associated with increased sympathetic tone,
obesity, HTN, increased insulin resistance, and endothelial dys-
function [15–17]. Human studies have also demonstrated a clear
relationship between circadian disruption – the misalignment of
internal circadian time and the external physical time – and the
development of metabolic syndrome, obesity and HTN [18]. This
misalignment is commonly due to environmental factors such as
shift-work, but can also be a result of genetic variants in circadian
clock genes such as Clock, Period, Bmal and Cry which can increase
CV risk [19–21]. However, current evidence linking variants in
circadian genes with susceptibility to CV risk factors is derived
from studies conducted in subjects of European and Asian descent.
It remains unclear whether common genetic variation in circadian
genes are also associated with CV risk factors in ethnic minority
populations such as AAs and H/Ls. Here, we explored the associa-
tion between candidate SNPs in circadian clock genes with key
CV risk factors in a cohort of AAs and H/Ls and identified
ethnicity-specific SNPs associated with HTN, obesity and type 2
diabetes (T2D).
2. Material and methods

2.1. Ethics statement

Written informed consent was obtained from all participants
under a protocol approved by the University of Illinois at Chicago
(UIC) Institutional Review Board (IRB).

2.2. Study population

We used the subset of subjects enrolled in the University of Illi-
nois at Chicago (UIC) Cohort of Patients, Family, and Friends for
whom blood samples were available for DNA extraction at the time
of the analysis (n = 1,166). All individuals were aged 18 or older,
and self-identified as being African-American (AA) or
Hispanic/Latino (H/L). Demographic characteristics, medical
history, resting blood pressure and blood samples for DNA extrac-
tion were collected for these subjects individuals > 18 years old..

2.3. Sample collection and processing for assessment of SNPs

Blood samples were drawn into one vial. The buffy coat layer
containing the white blood cells for DNA extraction was collected
from the serum. DNA was extracted using a commercially available
kit (Qiagen Puregene, Valencia, CA) and samples were stored in a
�80 �C freezer until genotyping. Targeted genotyping was per-
formed using the iPLEX Gold chemistry and MassARRAY System,
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which includes RS1000 Nanodispenser and MALDI-TOF mass spec-
trometry analyzer (Agena Bioscience, San Diego, CA). Multiplexes
of genotyping assays interrogating each individual SNP of interest
were designed using online Assay Design Suite 2.0 (Agena) and
manufactured at IDT (Integrated DNA Technologies, Coralville,
IA). Each of the assays included gene specific PCR amplification pri-
mers and extension primer designed to anneal next to a SNP of
interest and to facilitate a single base extension reaction.

DNA samples were processed according to the iPLEX Gold geno-
typing protocol. Briefly, 2 ll of each DNA sample at concentration
ranging from 2 ng/ll to 200 ng/ll was used to amplify the desired
region of interest by PCR using gene-specific primers. Next, exten-
sion primer annealing reaction was followed by a single base
extension to identify the locus-specific allele(s). When primer is
extended, dependent upon the template sequence, resulting frag-
ments reflect allele-specific differences in mass. This mass differ-
ence allows the data analysis software to differentiate between
existing SNP alleles. Purified extension products were deposited
to SpectroCHIP arrays using RS1000 Nanodispenser. Spectral anal-
ysis was performed using MALDI-TOF mass spectrometer and Mas-
sARRAY Analyzer software. Generated spectra were manually
reviewed for quality and used for cluster analyses, genotype calling
and report generation using the TyperAnalyzer software.
2.4. SNP genotyping

We selected a total of 17 polymorphisms for 5 circadian clock
associated genes that had been previously reported to be associ-
ated with cardiovascular risk factors in populations of European
and Asian descent (Supplementary Table 1). Design of the multi-
plex assays was carried out using the Agena Bioscience Assay
Design Suite v2.0. Genotype calls were made by TyperAnalyzer
software using the Autoclustering algorithm, with the following
parameters, recommended by Agena Bioscience: Specificity 0.9,
Magnitude Cutoff 5, Low Mass Sensitivity 0.99, Hetero Sensitivity
0.95, High Mass Sensitivity 0.99, Angle Height, Magnitude SNR,
Low Mass Static Limit 15, Hetero Static Limit 15, High Mass Static
Limit 15. Genotype calls were manually curated to exclude outliers
and final genotyping reports were generated. Thereby, association
analysis was performed in the candidate SNPs.
2.5. Statistical methods

Descriptive statistics are presented as mean ± standard devia-
tion (SD) for continuous variables and counts (proportions) for cat-
egorical variables. We assessed differences between controls and
cases using a chi-square test for independence or a 2-sample t-
test for baseline-demographics variables. Fisher’s exact test was
conducted in place of Chi-square test when at least one of the
expected sample counts was<5. Genotyping data, assay statistics,
and quality control (QC) parameters for the selected samples were
derived from peak area data. All quality matrices including statis-
tics of assay and sample performance across the entire dataset
were used to exclude poor performing samples and assays from
downstream analyses. Individual genotype outputs in a tabular
format were combined into a large matrix format for subsequent
genetic analysis using PLINK and Golden Helix genome data anal-
yses. Using logistic regression for a binary outcome and multiple
regression for a quantitative outcome in PLINK association analysis
was performed in both unadjusted and adjusted for age and sex
assuming an additive genetic model for all SNPs that passed QC.
Multiple comparisons were accounted by using the Bonferroni cor-
rection to determine the appropriate significant threshold
(0.05/17 = 0.0029).
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3. Results

3.1. Study sample characteristics

The clinical characteristics of the study subjects are shown in
Table 1. We included a total of 1,166 individuals, (52% female,
48% male). A total of 601 individuals self-identified themselves
as AAs and 565 (48%) as H/Ls with mean age of 52 ± 10.5 and
45 ± 13.8 years respectively. Most of CV risk factors such as T2D
(P = 0.27), obesity (P = 0.33), and dyslipidemia (P = 0.46) were
evenly distributed, but HTN was significantly more prevalent in
AAs (P = 0.001). In the H/Ls group, these results are in line with pre-
vious reports, but the prevalence of HTN (57% vs 44%) and dyslipi-
demia (57% vs 33%) was higher in AAs than previously reported
[22].

3.2. Circadian clock SNPs and allele frequencies in ethnic minorities

Two Per3 SNPS (rs150812083 and rs139315125) and one Cry1
SNP (rs184039278) were also excluded from bivariate and multi-
variate statistical analyses because the minor allele could not be
identified (Table 2). The remaining 14 circadian clock SNPs exhib-
ited significant differences in the minor allele frequencies (MAFs)
across both racial and ethnic groups (Table 3). In the H/L group,
the Clock gene showed the highest observed frequencies in the
rs4864546 SNP (48%) followed by the rs4864548 (46%), and
rs12649507 (43%). In the AA group, the highest MAF was found
in the Cry2 rs2292912 (76%) and in the Clock rs6850524 (63%).
When comparing our findings with the previously reported MAFs
primarily based on individuals of European or Asian descent, we
found that only rs1801260 (p = 0.0807), rs10002541(p = 0.9364),
rs4580704 (p = 0.9915), and rs228697 (p = 0.6917) SNPs in H/L
have the same MAF (Supplementary Table 2) as in the previously
published literature [23]. Each of the MAF for the 14 SNPs in AA
subjects diverged markedly with P-value much lower than 0.05
from those reported on individuals of European or Asian descent
[23].

When a SNP satisfies the Hardy Weinberg Equilibrium (HWE)
criteria, it is not evolving and average allele frequencies will stay
the same across generations which is why SNPs satisfying HWE cri-
teria as best suited for studying association with disease in a given
population. The (HWE) was reached for the majority of the circa-
Table 1
The clinical and Demographics Characteristics of the study cohort by race and ethnicity.

Characteristics African Americans
(N = 601)

Hispanic/
Latinos
(N = 565)

P-value

Demographics
Age, mean (SD) 52.12 (10.56) 45.15 (13.87) 0.0001
Female, n (%) 314 (52.25) 338 (59.82) 0.0092
Comorbidities, n (%)
Hypertension 340 (57.43) 151 (27.96) 0.0001
Dyslipidemia 340 (57.43) 187 (35.55) 0.4637
Type 2 Diabetes 125 (21.01) 91 (18.40) 0.2712
Obesity 301 (50.08) 267 (47.26) 0.3345
Heart Failure 9 (1.69) 35 (5.88) 0.0003
Atrial Fibrillation 30 (5.13) 5 (0.94) 0.0001
Stroke 11 (2.04) 41 (6.91) 0.0001
PAD* 35 (6.03) 21 (3.91) 0.1041
COPDy 17 (3.22) 45 (7.64) 0.0013
Myocardial infarction 37 (6.22) 23 (4.31) 0.1838
BMI, kg/m2� 31.36 (18.19) 31.06 (7.0) 0.4851
SBP, mmHg§ 124.0 (19.61) 116.6 (17.19) 0.0001
DBP, mmHg| | 77.19 (12.45) 70.54 (11.15) 0.0001
MAP, mmHg# 92.79 (13.94) 85.88 (12.27) 0.0001
Cholesterol, mg/dl 177.1 (38.28) 183.0 (38.93) 0.0084

*Peripheral Artery Disease, yChronic Obstructive Pulmonary Disease, �Body Mass Index,
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dian clock SNPs (Table 2). Out of 14, four SNPs (Per3 rs228697,
Cry 2 rs11605924, Cry 2 rs2292912, Bmal 1 rs11022775) in the
H/Ls group and two Clock SNPs (rs12649507 and rs4864548) in
the AAs group did not satisfy the HWE criteria and they were
therefore excluded from bivariate and multivariate statistical
analyses.
3.3. Circadian clock SNPs and CV risk factors in ethnic minorities

In AAs 12 SNPs in 5 different circadian clock genes conformed to
HWE, and we examined their association with four CV risk factors
using a multivariate logistic regression analysis. We found that in
AAs subjects, Clock SNP rs1801260 (OR 0.69, 95% confidence inter-
val [CI], 0.51–0.95; P = 0.024) and rs6850524 (OR 0.74, 95% CI,
0.58–0.97; P = 0.026) were negatively associated with the presence
of obesity. The Bmal1 SNP rs11022775 (OR 0.70, 95% CI 0.52–0.94;
P = 0.016) was negatively associated with dyslipidemia. Finally, the
Cry2 SNP rs2292912 was a significant risk factor for the presence of
dyslipidemia (OR 1.33, 95% CI 1.01–1.78; P = 0.049) and T2D (OR
1.48, 95% CI 1.08–2.05; P = 0.015). However, none of the results
were found to be significant at Bonferroni corrected alpha value.
We did not find any association between CV risk factors with the
Clock SNPs rs4580704, rs4864546, rs1000254, the Cry2 SNP
rs11605924 or the Per3 and Cry1 SNPs (Table 4).

We performed a multivariate analysis to establish any potential
associations between circadian clock gene SNPs and CV risk factors
in the H/Ls, for which a total of 7 SNPs in 3 different genes were in
HWE (Table 5). The Clock rs12649507 SNP (OR 0.78, 95% CI 0.61–
0.98; P = 0.0403) and (OR 0.64, 95% CI 0.47–0.86; P = 0.0032)
was negatively associated with obesity and HTN respectively; the
Clock rs4864546 (OR 0.65, 95% CI 0.49–0.89; P = 0.0069) and Clock
rs4864548 SNPs (OR 0.66, 95% CI 0.49–0.89; P = 0.0057) were neg-
atively associated with HTN. The Clock rs6850524 SNP was associ-
ated with HTN prevalence (OR 1.35, 95% CI 1.01–1.82; P = 0.04) as
well as lower prevalence of dyslipidemia (OR 0.63, 95% CI 0.48–
0.85; P = 0.0019). The Cry1 rs81922440 SNP (OR 0.54, 95% CI
0.34–0.89; P = 0.02) was negatively associated with T2D. After
adjusting for multiple testing using the Bonferroni correction,
many of these SNPs still remained significant. The Clock
rs10002541 and the Per3 s10462021 SNPs were not associated
with CV risk factors in H/Ls (Table 5).
Difference in means or proportions (95% CI) Odds Ratio
(95% CI)

6.97 (5.55–8.39) –
0.08 (0.02–0.13) 0.7348 (0.58–0.93)

0.29 (0.24–0.35) 3.48 (2.71–4.46)
�0.02 (-0.08–0.04) 0.91 (0.71–1.16)
0.03 (-0.03–0.09) 1.18 (0.88–1.58)
0.03 (-0.03–0.09) 1.12 (0.89–1.41)
�0.04 (-0.06–0.02) 3.63 (1.73–7.6)
0.05 (0.03–0.07) 5.69 (2.19–14.79)
�0.05 (-0.03–0.07) 3.57 (1.82–7.02)
0.02 (-0.01–0.05) 1.58 (0.91–2.75)
0.04 (0.02–0.07) 2.49 (1.41–4.40)
0.02 (-0.01–0.05) 1.47 (0.86–2.51)
0.31 (0.56–1.89) –
7.45 (5.32–9.58) –
6.65 (5.29–8.00 –
6.91 (5.40–8.42) –
�5.98 (-1.54–10.42) –

§Systolic Blood Pressure, | | Diastolic Blood Pressure, #Mean Arterial Pressure.



Table 2
Basic characteristics for genotyped candidate circadian clock single nucleotide polymorphisms (SNPs).

Gene SNP Chromosome Allele
(Major/Minor)

HWE�
Hispanic/Latinos
p-value

HWE
African Americans
p-value

Literature Data §

Allele MAF

Clock rs1801260 4:55435202 A/G 0.112 1 G 0.2296
rs4580704 4:55460540 C/G 0.342 0.366 G 0.2776
rs12649507 4:55514317 G/A 0.193 0.04121 A 0.3574
rs4864546 4:55537960 G/A 0.7268 0.07825 A 0.4259
rs4864548 4:55547636 G/A 0.1989 5.75E-09 A 0.3768
rs10002541 4:55528844 T/C 0.3965 0.2063 C 0.2776
rs6850524 4:55515830 C/G 0.4625 0.7871 C 0.4453

Per3 rs10462020 1:7820623 T/G 1 1 G 0.1206
rs10462021 1:7837073 A/G 1 1 G 0.1210
rs150812083 y 1:7809893 C/- NA NA G 0.0034
rs139315125 y 1:7809900 A/- NA NA G 0.0034
rs228697 1:7827519 C/G 0.02463 1 G 0.0603

Cry1 rs8192440 12:107001328 G/A 0.3686 0.1283 A 0.2103
rs184039278 y 12:106992962 T/- NA NA G 0.001

Cry 2 rs11605924 11:45851540 A/C 0.01014 0.8228 C 0.3259
rs2292912 11:45856137 C/G 0.01796 0.82 G 0.4996

Bmal 1 rs11022775 11:13352217 C/T 0.02272 0.2377 T 0.1873

y no minor allele detected, � Hardy Weinberg Equilibrium, § 1000genome project database. We analyzed 17 polymorphisms in 5 candidate circadian genes. The majority of
the studied polymorphisms were Clock gene polymorphisms, which had been previously associated with cardiovascular or metabolic diseases in European and Asian
populations. Among the 17 polymorphisms, the minor allele was not identified for two polymorphisms in the Per 3 gene (rs150812083, rs139315125) and one polymorphism
in the Cry 1 gene (rs184039278) in our study population which is why these polymorphisms were subsequently excluded from further analysis. Both groups showed different
Hardy Weinberg Equilibrium distributions (HWE) for four polymorphisms (rs228697, rs11605924, rs2292912, rs11022775) in the Hispano/Latino group and two
(rs12649507, rs4864548) in the African American group did not satisfy the HWE criteria and they were also subsequently excluded from further analysis.

Table 3
Minor allele frequencies (MAFs) for candidate single nucleotide polymorphisms (SNPs) in AAs and H/Ls.

Gene SNP H/L Minor allele Hispanic/Latinos MAF African Americans MAF Difference in MAF P-value

Clock rs1801260 G 0.2002 0.1867 0.0135 <0.0001
rs10002541 C 0.2761 0.2358 0.0403 <0.0001
rs4864546 A 0.4829 0.3445 0.1384 <0.0001
rs12649507 A 0.4351 0.1862 0.2489 <0.0001
rs4580704 G 0.2778 0.2394 0.0384 <0.0001
rs6850524 C 0.3799 0.6357 �0.2558 <0.0001
rs4864548 A 0.4611 0.2138 0.2473 <0.0001

Per3 rs10462020 G 0.1768 0.08446 0.09234 <0.0001
rs10462021 G 0.1772 0.08361 0.09359 <0.0001
rs228697 G 0.05645 0.01689 0.03956 <0.0001

Cry1 rs8192440 A 0.1703 0.1622 0.0081 <0.0001
Cry2 rs11605924 C 0.4505 0.103 0.3475 <0.0001

rs2292912 C 0.4075 0.7632 �0.3557 <0.0001
Bmal1 rs11022775 T 0.1418 0.2983 �0.1565 <0.0001

Table 4
Circadian single nucleotide polymorphism (SNPs) and cardiovascular risk factors in African Americans.

Gene SNP Hypertension Obesity Dyslipidemia Type 2 Diabetes

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Clock rs1801260 0.8229 0.2243 0.6965 0.02406 0.7357 0.07354 NA NA
rs4580704 1.075 0.6158 1.199 0.2011 1.18 0.2522 NA NA
rs4864546 1.206 0.1466 0.97 0.8098 0.9915 0.9481 1.279 0.09609
rs10002541 1.069 0.6479 1.169 0.2765 1.187 0.2364 1.1 0.527
rs6850524 1.08 0.5595 0.7484 0.02575 0.9747 0.8475 0.8413 0.2624

Per3 rs10462020 1.095 0.6883 0.8827 0.5736 0.7929 0.3299 NA NA
rs10462021 1.077 0.7446 0.8962 0.6222 0.8081 0.3715 NA NA
rs228697 1.82 0.2238 1.04 0.9349 2.127 0.105 NA NA

Cry1 rs8192440 1.17 0.3786 0.8014 0.2047 0.7084 0.06335 NA NA
Cry2 rs11605924 1.267 0.2656 1.45 0.07457 1.42 0.08673 NA NA

rs2292912 1.178 0.2725 1.263 0.1077 1.335 0.04985 1.489 0.01474
Bmal1 rs11022775 0.9872 0.9273 1.209 0.1721 0.6972 0.01631 0.7471 0.09042

NA, not available.
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Considering the identification of Clock SNPs with significant
positive and negative associations with HTN in H/Ls subjects, we
next performed a multivariate analysis between candidate circa-
dian Clock polymorphisms and the mean arterial pressure (MAP)
4

in order to estimate the magnitude of impact on BP. Our quantita-
tive trait analysis showed that the risk alleles of Clock rs4864546,
rs12649507, and rs4864548 SNPs were each associated with a
decrease of MAP by ~ 2 mmHg (P < 0.01), whereas the presence



Table 5
Circadian single nucleotide polymorphism (SNPs) and cardiovascular risk factors in Hispanic/Latinos.

Gene SNP Hypertension Obesity Dyslipidemia Diabetes
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Clock rs12649507 0.6368 0.003196 0.779 0.04047 1.18 0.21 0.8359 0.29
rs4864546 0.6596 0.006925 0.819 0.1106 1.19 0.20 0.8846 0.47
rs4864548 0.6625 0.005695 0.8276 0.1161 1.14 0.3231 0.8482 0.32
rs10002541 1.364 0.06235 1.103 0.4807 0.74 0.0576 NA NA
rs6850524 1.356 0.04412 1.252 0.07752 0.63 0.002 0.9038 0.56

Per3 rs10462021 1.024 0.9025 1.216 0.2237 1.28 0.16 NA NA
Cry1 rs8192440 0.9953 0.9804 0.8194 0.213 0.86 0.40 0.5415 0.0168

Table 6
Circadian single nucleotide polymorphism (SNPs) and mean Arterial pressure in Hispanic/Latinos.

Gene SNP Allele N Regression Coefficient Standard Error 95% Confidence Interval T statistic P value

Clock rs4864546 A 526 �1.957 0.7044 (-3.338,-0.5768) �2.78 0.0056
rs12649507 A 547 �2.548 0.6814 (-3.883, �1.212) �3.74 0.0002
rs6850524 C 533 2.115 0.718 (0.7073, 3.522) 2.94 0.0034
rs4864548 A 552 �2.214 0.6767 (-3.54, �0.8877) �3.27 0.001
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of the rs6850524 risk allele (P < 0.01) was associated with an aver-
age increase of 2 mmHg in the MAP (Table 6).

4. Discussion

In this study we investigated the association between common
genetic variation in candidate circadian clock genes and CV risk
factors in subjects of African and Hispanic descent. Our finding that
distinct circadian clock SNPs are associated with CV risk factors in
individuals with varying ethnic or racial background highlights the
importance of ensuring the diversity of study population when
assessing how circadian misalignment contributes to CV risk.

The MAFs differed between AA and H/Ls groups, thus indicating
that genetic propensities for chronobiological patterns and circa-
dian clock associated CV risk factors differ across racial and ethnic-
ities. In H/Ls, the Clock rs4864546, rs4864548, and rs12649507,
and the Cry2 rs11605924, and rs2292912 SNPs were the most com-
mon. The MAFs of the circadian clock SNPs in H/Ls were similar to
those reported in European and Asian populations [23]. In the AAs
the most common SNPs in circadian clock genes were in Cry2
(rs2292912) and Clock (rs6850524), with consistently higher MAFs
when compared to that reported in European and Asian popula-
tions [23], which have been associated with susceptibility to
abdominal obesity and T2D [24,27]. The less frequent alleles were
Per3 rs228697 and rs10462021, and showed slightly lower values
when compared with other racial or ethnic populations [26,28]
(Table 2).

Hypertension remains one of the most important risk factors for
CVD therefore early diagnosis and appropriate treatment is crucial
to improve CV outcomes [29]. In our study we found that several
circadian SNPs which had been previously linked with metabolic
diseases in subjects with European and Asian ancestry, demon-
strated a significant association with HTN in H/Ls. In this group,
carrying the Clock SNP rs6850524 increased the risk for HTN by
1.35-fold. Interestingly, this Clock SNP also reduced the prevalence
of dyslipidemia in H/Ls subjects. This dual association of selectively
increasing the risk for one disease while reducing it for another
disease has been previously reported for this Clock SNP, as it has
been linked in humans to obesity in Chinese populations and
reduced prevalence of nonalcoholic fatty liver disease in European
ancestry population [24,30], but it has not been associated with
HTN or dyslipidemia and is has also not been previously associated
with such dual effects within a single population.
5

We also found that the Clock SNPs rs12649507, rs4864546, and
4,864,548 (all upstream transcript variants) were negatively asso-
ciated with the presence of CV risk factors in H/Ls. The Clock
rs4864546 and Clock rs4864548 SNPs have been associated with
obesity and T2D in Asian populations [24,31] but the association
with HTN is new. Nevertheless, this possible protective effect of
selected Clock SNPs in preventing HTN is compatible with findings
described in animal models, in which Clock knockout mice consis-
tently exhibit a lower BP and hypotension phenotypes when com-
pared to wild type (WT) mice [32]. One prior study, conducted in
subjects of European descent demonstrated a positive relationship
between the Clock SNP rs1801260 and HTN [33], but this SNP was
not associated with HTN in either H/Ls or AA subjects in our study.
The exact mechanism by which Clock variants impact BP regulation
remains unclear, but animal models have suggested that they can
modulate renal vasoconstrictors, heart rate variability, sodium
excretion and endothelial function [15,16,32,34,35]. Understand-
ing the interaction between the circadian system and BP regulation
is not only of interest in terms of assessing risk for HTN but circa-
dian clock-oriented therapies can lead to significant clinical bene-
fits. For example, advanced chronic kidney disease patients
experience a disruption of the physiological BP and suffer from
marked nocturnal HTN, which can be controlled by the use of noc-
turnal hemodialysis as well as nocturnal doses of anti-
hypertensives which lead to significantly improved outcomes
[36–38].

We also studied the association between Clock variants and
obesity and found that the Clock SNP rs12649507 (upstream tran-
script variant) in H/Ls and the Clock SNPs rs1801260 (downstream
transcript variant) and rs6850524 (upstream transcript variant) in
AAs, were all associated with a reduced prevalence of obesity. The
Clock gene and its relationship with obesity has been extensively
studied in animal models and in humans. Clock mutant mice
demonstrate disruption in metabolic rates and feeding rhythms
causing hyperphagia and obesity when compared to WT mice
[39]. In human studies with subjects of Asian ancestry, the Clock
rs6850524 has been associated with a reduced prevalence of obe-
sity [24], consistent with what we found in AAs. However, this
same variant is associated with a 1.26-fold increased prevalence
of being overweight in a Latin American population that was
self-reported as having European ancestry [25]. The Clock
rs1801260 was also associated with reduced susceptibility to obe-
sity in a European ancestry population, consistent with our find-
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ings [40]. The rs12649507 variant has not previously been associ-
ated with obesity, but a prior report conducted in subjects of Euro-
pean descent showed that this variant is associated with a
favorable dietary profile characterized by an increase in polyunsat-
urated fatty acids intake, but the underlying causes and its poten-
tial impact on obesity remain unclear [41].

Approximately 19% of AAs and 12% of H/Ls over the age of
20 years have been diagnosed with T2D, with a 77% and 66% higher
risk respectively when compared with non-Hispanic white Ameri-
cans [42]. In our study, we identified 2 SNPs associated with T2D.
In the H/Ls group, the Cry1 rs8192440 (coding sequence variant)
reduced susceptibility to T2D, whereas in a Northern Sweden pop-
ulation this SNP was associated with seasonal-dependent fasting
glucose values, with lower values during light-seasons and higher
values during dark-seasons [43]. On the other hand, we found that
AAs carrying the Cry2 SNP rs2292912 was associated with 1.48-
fold increased susceptibility to T2D, and this finding is consistent
with prior reports in subjects of Asian descent [27]. The Clock
rs6850524 (upstream transcript variant) in H/Ls and the Bmal1
rs11022775 (upstream transcript variant) in AAs were both associ-
ated with reduced susceptibility to dyslipidemia, whereas the Cry2
SNP rs2292912 was associated with a significant 1.33-fold
increased risk for dyslipidemia in AAs, but there is no prior report
of Cry2 SNP association with dyslipidemia.

Many of the SNPs we studied demonstrated a different
genotype-phenotype association when compared to prior reports
of subjects with predominantly European and Asian ancestry.
These results support the notion that genetic variants associated
with diseases identified in one racial or ethnic group cannot be
necessarily extrapolated to other races and ethnicities.

Our findings should be interpreted in the context of several con-
siderations. First, the designation of race or ethnicity relied on self-
report and our cohort likely represents a genetically diverse and
heterogeneous group in a large US metropolitan city. Future stud-
ies could employ a genetic ancestry analysis to further define the
association between circadian clock gene variations and genetic
ancestry of individuals. We cannot exclude the possibility that dis-
crepancies between self-identification and genetic ancestry could
confound some of the findings. However, our findings could still
be very relevant for clinical applications in similar large US
metropolitan patient populations who predominantly self-report
their race or ethnicity. Second, we correlated circadian clock gene
SNPs with susceptibility to CV risk factors but we did not directly
investigate the circadian rhythm or sleep patterns in our cohort
nor did we study the mechanisms by which these variants impact
HTN, obesity, T2D and dyslipidemia. Future studies with extensive
chronobiological characterization using actigraphy and sleep mon-
itoring as well as mechanistic and physiological studies examining
the distinct molecular functions of these genetic variants may pro-
vide important insights into the underlying mechanisms by which
circadian gene SNPs modulate CV risk in ethnic minorities. Third,
the majority of the candidate SNPs did not survive Bonferroni cor-
rection (except for those in H/Ls). However, the Bonferroni correc-
tion is considered overly conservative for datasets with low levels
of linkage disequilibrium between SNPs.

To date, around 90% of the genetic data extracted from genome
wide association studies (GWAS) is derived from populations with
a European ancestry, and efforts to expand the ethnic diversity in
genetic association studies has resulted in greater inclusion of
Asians but subjects of African and Hispanic ancestry continue to
be under-represented [44]. In light of the emerging recognition
that the circadian clock is not only a critical modulator of meta-
bolic and CV physiology and common genetic variants are strongly
correlated with CV risk factors in subjects of European and Asian
ancestry, we determined the relationship of candidate circadian
clock SNPs in AAs and H/Ls. Our study provides novel insights into
6

the relationship between circadian clock gene variants and CV risk
factor traits in ethnic minorities. Our findings emphasize the
importance of studying circadian rhythms and circadian genetics
in under-represented minority populations. In order to define the
specific contributions of circadian clock gene SNPs in increasing
the risk of hypertension or other cardiovascular risk factors, it is
necessary to perform GWAS studies in populations with ethnic
and racial diversity.
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