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ABSTRACT
Substantial evidence suggests that the timing of  macronutrient intake affects cardiovascular health. 
The present study aims to assess the association between the dietary carbohydrate intake (DCI) and 
the high-sensitivity C-reactive protein (hs-CRP) combined with the implication of  the chronotype. 
Thus, we explored the most recently released National Health and Nutrition Examination Survey 
(NHANES) data. We analysed data from 5,616 participants of  the NHANES in 2015. We selected 
participants with available data for the DCI, sleep and wake-up time, and the hs-CRP. Chronotypes 
were categorized according to the sleep times. Binary logistic regression analysis was performed 
to predict participants with low or high levels of  hs-CRP based on the DCI and chronotypes. 
Moderation analysis was used to investigate the effect of  the chronotypes on the DCI-hs-CRP’s 
association. A higher DCI was significantly associated with the higher hs-CRP levels (odds ratio 
(OR) = 1.36, 95% confidence interval (CI) = [0.9-1.8]). Moderate evening (ME) chronotypes had 
higher risk for high hs-CRP level (OR = 1.15, 95% CI = [1.22-1.23]) compared to the intermediate 
and the morning chronotypes. The chronotype significantly moderated the hs-CRP given the DCI 
(moderation coefficient, α2=0.05, 95% CI = [0.01-0.08]). The chronotype diminished the hs-CRP 
predicted by the DCI. The findings of  the study underscore the significance of  assessing the 
protective effect of  individuals’ chronotype concerning cardiovascular health.
Keywords: Carbohydrates Intake; Cardiovascular Health; Dietary Carbohydrates; Cardiovascular 
Diseases; Ethnicity and Health.
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INTRODUCTION
Nutrition imported from one culture to another, 

and increased and advanced social networks, as well as 
the management of  leisure time within families1,2 result in 
changes in people’s aspects of  lifestyle. These changes harm 
communities, such that an individual’s behavioural pattern may 
change and become non-beneficial for his overall health and 
well-being3. One significant factor that influences behaviour 
patterns is chronotype, defined as the circadian typology of  an 
individual4. It is a behavioural manifestation of  an individual’s 
internal circadian clock system, which can be assessed with the 
use of  multiple methodologies that classify individuals’ quality 
of  sleep. From 2006 to 2016, the frequency of  deaths due 
to cardiovascular disease decreased by 18.6% in the US, but 
still, multiple factors hamper the efforts toward achieving 
the goal of  eradicating them5. Among such factors, there are 
self-regulated systems like chronotype and chrononutrition, any 
change in which the cycle of  body cells may be altered, causing 
cardiovascular disease over the time6-8.

Many research studies on the association of  carbohydrate 
consumption with the risk of  developing heart disease have 
shown that the regular intake of  carbohydrate increases the risk 
of  cardiovascular disease9-11. Other studies have also indicated that 
individuals’ waking and sleeping times may impact on their pattern 
of  carbohydrate consumption12-15. Furthermore, a secondary analysis 
of  clinical trial data pointed out the controversy over the quality of  
people’s sleep and the risk of  cardiovascular disease. The results of  
this study showed an association between long sleep duration and 
the risk of  developing a stroke. The concerned group is made up 
of  patients living with cardiovascular disease and presenting sleep-
apnea disorders at the same time16. 

On the other hand, studies that focus on cardiovascular 
health and sleep quality and/or duration often depict an 
inverse association between the two variables, e.g., poor sleep 
quality is associated with an increased risk of  cardiovascular 
disease. Another cohort study has revealed an association 
between short sleep duration (less than 6 hours) and the risk 
of  developing coronary heart disease17. In a cross-sectional 
study of  fifty-eight obese men and women, it was observed in 
the women’s group that, sleep duration and food composition 
were not associated. The results of  the study also suggest an 
inverse association between protein intake (r=-0.43; p=0 .02), 
monounsaturated fatty acids (r=-0.40; p=0.03), cholesterol 
(r=-0.50; p=0.01), and short sleep duration18. The present 
study discusses the impact of  the bi-directional sleep-food 
relationship on cardiovascular health. Indeed, the fact is that 
having shortened hours of  sleep leads to a certain choice of  
food. Conversely, the choice of  food consumed could reflect in 
the quality of  sleep and then cardiovascular health19.

The reciprocity evoked in the food-sleep relationship 
raises the question of  sleep mediation in the association between 
diet and cardiovascular health. Thus, the present study aim to 
investigate the association between the consumption of  a specific 
nutrient with the cardiovascular risk. To carry out our study, we 
used data from NHANES 2015 with its distinctive touch of  

ethnic diversity. We considered DCI and hs-CRP records to 
achieve the following objectives: a) assess how DCI is associated 
with future risk of  developing cardiovascular disease, and b) 
evaluate the existence of  a moderation effect of  the participants’ 
chronotype on the association between the DCI and the hs-CRP.

MATERIAL AND METHODS

Source population and sampling

Our population source is the National Health and 
Nutrition Examination Survey (NHANES) covered by the U.S. 
Centers for Disease Control and Prevention/National

Center for Health Statistics (CDC/NCHS)20. The 
NHANES proposal is a cross- sectional database representative 
of  the U.S. population. The NHANES conducts bi- annual 
cycles of  data collection and proceeds to public release, 
following rules and regulations corresponding to the actions 
related to the use of  the data21. The 2015-2016 cycle is similar 
to the 2011-2014 yearly cycles in the variable concerning 
the races. The NHANES modified this component to clarify 
the ethnicity of  participants who identified themselves as 
Asians. The 2015-2016 cycle has a full sample of  Hispanics 
(32.1%), White single-race (30.9%), Black single-race (21.5%), 
Asian single- race (10.3%), and other races including multiracial 
(5.1%); this cycle is unique in that it includes an hs-CRP 
variable, an indicator of  future risk of  cardiovascular disease. 
We included all participants with available information on 
dietary carbohydrate intake, wake-up time, and sleep onset 
time. We ended up with a sample of  5,665 men and women.

Measurement and assessment of  study variables

Carbohydrate intake

Carbohydrate intake was measured in grams. Participants 
responded initially to questionnaires in person and further 
through phone calls. The questionnaires were both about 
individual foods and total nutrient intake. We used data collected 
from the first day and from 24-hour recall on the second day. We 
excluded all participants with extremely high records of  DCI.

hs-CRP

We measured the high-sensitivity C-reactive protein (hs-
CRP) as a predictor of  future cardiovascular disease risk22. The hs-
CRP was measured with patients in Mobile Examination Centers 
using the SYNCHRON system, which is based on the methodology 
of  high-sensitivity near-infrared particle immunoassay rates23 
(CDC- NHANES, 2019). The hs-CRP was measured in mg/l; we 
used hs-CRP as a categorical variable. Two categories were thus 
created for the data analysis. And hs-CRP values less than 3mg/l 
corresponded to the low values group, while the high values group 
had hs-CRP values greater than or equal to 3mg/l.

Chronotype

In identifying participants’ usual bedtime and time of  
awakening, the following questions were asked: “What time do 
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you usually go to sleep on weekdays or workdays?” and “What 
time do you usually wake up on weekdays or workdays?”. 
Questions referred to the times in and out of  bed, excluding 
naps. Responses were reported in the format of  00 to 24 hours 
and 00 to 59 minutes (HH:MM). Sleep time, if  necessary, was 
rounded up to the next half  hour. Individuals were asked to 
approximate their possible wakefulness during their main sleep 
periods. Computer-assisted personal interviewing (CAPI) was the 
system used here to reduce the likelihood of  data entry errors. 
The consistency and completeness of  the available information 
have been scrupulously checked. As part of  the data analysis 
quality control, very extreme sleep times (too low or too high) 
were confirmed from audio recordings when available24.

We categorized the chronotypes utilizing the final 
scores of  the short version of  the Morningness-Eveningness 
Questionnaire (MEQ)25. The MEQ, in its simplified version, 
offers two classification means in order to obtain the scores 
corresponding to the chronotypes—either the “sleep onset” 
or the “wake-up offset.” We proceeded to a three-step 
classification of  the chronotypes by selecting cases based on 
participants sleep and wake-up times. In the first step, we 
used the participants’ sleep times to classify the chronotypes. 
Secondly, we referred to the wake-up times for the participants 
whose sleep times were below and above the ranges that 
the MEQ scores proposed. Lastly, we considered the 
extreme early or late values of  the sleep onset times as 
definite morning (DM) or evening chronotypes. We used the 
participants’ records combined with the MEQ scores, to classify 
the participants in their chronotypes. Thus, we were able to 
classify the chronotypes under the five categories proposed in 
the MEQ scores – “definite morning”, “moderate morning”, 
“intermediate”, “moderate evening”, and “definite evening 
(DE)”. The chronotypes were evaluated as a nominal variable.

Covariates

The following covariates were used in our analysis: age 
was categorized as <35, 36-55, or >55 years; sex was categorized 
as female or male; smoking status was assessed using the question 
“Do you now smoke?” and categorized as every day, some days, or 
not at all; the participants self-reported race, we categorized race 
as “Hispanics”, “non-Hispanic Whites”, “non-Hispanic Blacks”, 
“non-Hispanic Asians”, and “other including multiracial”; the 
frequency of  alcohol consumption was assessed according to 
the average number of  alcoholic beverages drunk per day for 
the past 12 months; sleep duration was computed by the sleep 
onset minus the wake-up time; the systolic blood pressure and 
diastolic blood pressure of  the participants were measured four 
times and expressed in mmHg, we assessed the systolic and 
diastolic blood pressures as the mean of  four measurements 
(first measurement + second measurement + third measurement 
+ fourth measurement all divided by 3); the height and weight 
were assessed through the BMI, we the following formula to 
calculate participants BMI: as per weight(kg)/height2(cm); the 
waist circumference was estimated in cm; and the triglyceride 
level was estimated in mmol/l. To meet an acceptable percentage 

of  analytical data in the covariates26, we performed multiple 
imputations to our dataset before the statistical analysis.

Statistical analysis

Binary regression was used to estimate the ORs and 95% 
CIs of  the association between dietary carbohydrate intake and 
the low and high levels of  hs-CRP. Carbohydrate intake was 
categorized by quartile distribution, using the first quartile as 
reference. In addition to the main effect model, we built both 
bivariate and multivariate models, respectively model 1 and 
model 2, for confounders’ control.

Across all chronotypes, binary logistic regression 
served to predict the hs-CRP levels given the chronotypes. 
For purposeful analysis, chronotypes were analysed into their 
categories, and the intermediate chronotype stood for reference. 
We, therefore, estimated the predictive association, the ORs, 
and the 95% confidence interval (CI).

We employed the moderation model to analyse the effect 
of  the chronotype on the association between the DCI and the 
hs-CRP. The moderation model involves the calculation of  the 
total effect of  an association and re-estimation of  that same total 
effect when a significant moderator exists; in case the considered 
moderator effect is significant in the model, there will be a 
reduction or an increase of  the total effect after the moderation 
coefficient is applied. The α1 coefficient represented the total 
effect of  the dietary carbohydrate without the presence of  the 
moderator. The α2 coefficient corresponded to the chronotype 
moderation effect on the main effect. The α3 signified the effect 
of  moderation on the main effect. For the moderation model, 
we analysed quintiles of  hs-CRP and low and high levels of  DCI.

We applied the strata, cluster and sample weight available 
according to our data. This preparation for analysis was 
performed through the complex samples function on SPSS.

Our statistical significance was two-tailed and settled 
at a p-value less or equal to 0.05 provided by the all analysis 
performed using SPSS 24 (IBM Corp., Armonk, NY, USA) and 
SPSS PROCESS MACRO version 3.4 by Hayes Andrew that 
was used to quantify the moderation analysis27.

RESULTS

Population characteristics

Tables 1 and 2 present the characteristics of  our study 
variables. The DE chronotypes had more participants aged less 
than 25 years old (27.1%). DCI mean was higher in the DM 
chronotype group (73g per day). The ME group had higher 
smoking (55.2%) and alcoholic beverage consumption (5.82 
times per day). The DM group presented a higher mean in waist 
circumference (100.76cm), while systolic blood pressure was 
more elevated in the definite chronotypes group (126.78). The 
lowest sleeping duration time was found in the DE group (7.09).

Association between DCI and hs-CRP

We performed a binary logistic regression to analyse 
the ability of  the DCI to predict high or low levels of  hs-CRP. 
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We analysed the dietary carbohydrate intake in their quartiles, 
using the first quartile as the reference category. Table 3 shows 
the results of  our analysis. The second, third and fourth quartiles 
of  carbohydrate intake are associated with high hs-CRP 
levels. Adjustment for age, sex, race, smoking status, alcohol 
consumption, sleeping duration, BMI, waist circumference, 
HDL levels, and systolic and diastolic blood pressure showed 

the same risk association in higher carbohydrate consumers, 
where OR equals 1.25, 95% CI = [0.9-1.8].

Association between chronotypes and hs-CRP levels

The intermediate chronotypes were the reference category 
for binary logistic regression analysis. We assessed the association 
between chronotypes and hs-CRP levels (Table 4). The analysis 

Table 1. Continuous variables characteristics.

Frequencies (%)
Definite morning Moderate morning Intermediate Moderate evening Definite evening

p-value
750 1715 2284a 542 325

Dietary carbohydrates Intake (g)
73.52a 73.29 69.07 59.29 48.77

< 0.001
(70.6) (70.9) (73.1) (64.7) (54.4)

Number of  Alcoholic Beverage consumed
2.56 3.08 4.31 5.82a 2.80

< 0.001
(7.4) (13.0) (36.9) (50.6) (4.6)

Waist circumference (cm)
100.76a 99.06 97.98 99.74 98.76

< 0.001
(15.6) (16.4) (17.1) (18.4) (18.3)

Sleep hours
8.56a 7.99 7.51 7.12 7.09

<  0.001
(1.4) (1.2) (1.4) (2.2) (2.3)

Systolic blood pressure, mmHg
126.78a 123.85 122.64 123.90 123.30

< 0.001
(18.9) (17.5) (17.0) (18.6) (17.3)

Diastolic blood pressure, mmHg
69.15 68.80 68.15 69.07 70.27a

< 0.001
(12.8) (12.2) (11.9) (13.9) (11.9)

BMI (%)
29.85a 29.16 28.93 23.37 29.55

< 0.001
(7.1) (6.8) (7.1) (3.5) (7.5)

HDL, mmol/l
1.39 1.41a 1.41a 1.35 1.35

< 0.001
(0.5) (0.4) (0.4) (0.4) (0.4)

Variables means are given with standard deviation in brackets; a Highest prevalence group; (*): p-values from One Sample T-Test.

Table 2. Categorical variables characteristics.

Number of  cases
Definite morning Moderate morning Intermediate Moderate evening Definite evening

p- value
750 1715 2284 542 325

Sex (%)

Male 49.2 46.5 46.6 52.0 57.5 a

< 0.001
Female 50.8 53.5 a 53.4 48.0 42.5

Age in years (%)

<25 10.4 16.0 19.2 24.7 27.1 a

< 0.001
26 - 35 14.9 14.4 16.9 17.2 19. 7 a

36 - 55 34.3 a 34.1 29.7 29.0 31.7

>56 40.4 a 35.5 34.2 29.2 21.5

Race

Hispanics 35.9 a 33.1 31.3 26.1 24.6

< 0.001

NHW 32.8 37.4a 31.5 24.6 21.5

NHB 20.7 16.9 19.1 29 34.5a

NHA 8 9.0 13.9 15 15.7a

Other races 2.7 3.6 4.2 5.3a 3.7

HSCRP

Low 64.3 64.5 65.6a 61.6 65.5
< 0.001

High 35.7 35.5 34.4 38.4a 34.5

Smoking status (%)

Everyday 34.2 31.5 27.2 52.1 55.2 a

0.001Someday 9.0 11.7 a 11.7 8.0 6.9

Not at all 56.8 56.9 61.0a 39.9 37.9

aHighest prevalence group; (*): p-values from Pearson χ2.
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results revealed a higher risk in the ME chronotypes, OR = 1.18, 
95% CI = [0.9-1.4]. After controlling for age, sex, race, smoking 
status, alcohol consumption, sleeping duration, wake-up time, 
BMI, waist circumference, HDL levels, and systolic and diastolic 
blood pressure, the increased risk stayed significant in the ME 
group, OR = 1.15, 95% CI = [1.22-1.23]. However, there was 
a similar decreased risk in the DE group OR = 0.82, 95% CI = 
[1.29-1.30] as in the DM group OR = 0.82, 95% CI = [0.11-0.12].

Chronotypes’ moderation effect on the DCI and the hs-
CRP levels

A moderation analysis was performed to analyse the 
effect of  the chronotypes on the association between the DCI 

and the hs-CRP. For this analysis, we assessed the hs-CRP per 
their quintiles and the carbohydrates intake per low (less than 250 
grams) and high (more than 250 grams) values. The moderation 
effect coefficient was α2 = 0.05, 95% CI = [0.01-0.08]. The 
dietary carbohydrate intake and the hs-CRP’s association 
coefficients before and after moderation were, respectively, 
α1 = 1.09, 95% CI = [1.05-1.14], and α3 = -0.2, 95% CI = 
[-0.14-0.07]. The moderation effect is illustrated in Figure 1.

DISCUSSION
This study analyses the effects of  the chronotypes 

on the association between dietary carbohydrates intake and 
cardiovascular risk. It was observed that in the group consisting 

Table 3. Association between DCI and low/high levels of  hs-CRP.

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile

Model 1

OR 95% CI 1 1.25 1.1 to 1.5 1.50 1.3 to 1.7 1.45 1.2 to 1.7

Model 2

Exp (B) 95% CI 1 1.19 1.0 to 1.4 1.28 1.1 to 1.5 1.18 0.9 to 1.4

Model 3

Exp (B) 95% CI 1 1.12 0.8 to 1.6 1.36 0.9 to 1.9 1.25 0.9 to 1.8

Model 1: Carbohydrate intake and HSCRP; Model 2: Adjustment with age, sex, and race; Model 3: Adjustment with age, sex, race, smoking status, alcohol consumption, sleep 
duration, BMI, waist circumference, HDL, systolic and diastolic blood pressure.

Table 4. Association between chronotypes and low and high hs-CRP levels.

Definite morning Moderate morning Intermediate Moderate evening Definite evening

Model 1

OR 95% CI 1.06 0.9 to 1.3 1.05 0.9 to 1.2 1 1.18 0.9 to 1.4 1.00 0.8 to 1.3

Model 2

OR 95% CI 0.87 0.92 to 0.93 1.00 1.05 to 1.06 1 1.30 1.32 to 1.33 1.14 0.59 to 0.60

Model 3

OR 95% CI 0.82 1.29 to 1.30 1.10 1.06 to 1.07 1 1.15 1.22 to 1.23 0.82 0.11 to 0.12

Model 1: Bivariate analysis; Model 2: Adjustment with age, sex, and race; Model 3: Adjustment with age, sex, race, smoking status, alcohol consumption, sleep duration, BMI, 
waist circumference, HDL, systolic and diastolic blood pressure.

Figure 1. Chronotypes moderation effect 
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of  middle-aged and elderly individuals, there was a higher mean 
in BMI and waist circumference, which might predict a high 
cardiovascular risk in the population.

We found in our population that high carbohydrate 
intake is associated with high hs-CRP levels. The risk remained 
constant, despite adjustments in sex, age and race, as well as 
smoking habits, alcohol consumption frequency, blood pressure, 
BMI, waist circumference, and HDL levels. We included 
the chronotypes in our analysis, and as a result, our analysis 
demonstrated that the chronotypes had a moderating effect in 
the association between the DCI and the cardiovascular risk. 
Indeed, the chronotype tended to decrease the risk coefficient 
of  the association between DCI and cardiovascular risk.

The strength of  the present study relies on the 
involvement of  the moderation effect of  chronotypes on the 
cardiovascular risk in relation with the DCI, the sample size 
(N=5,665) on which was applied a sample weight to reflect a 
significant proportion of  the entire population of  the United 
States, and the use of  the hs-CRP, which is the best indicator of  
the development of  cardiovascular disease in the future to date. 

To raise possible limitations of  this study, we will 
mention the single use of  the MEQ scoreboard with the sleep 
unset score ranges for chronotype determination. The MEQ 
requirements include a set of  questions based on sleep onset 
and wake-up time, in addition to daily base routine points. The 
entire questionnaire is to be fulfilled before getting the scores 
that determine one’s chronotype. Handling secondary data 
means that we did not attain the overall information required by 
the questionnaire; we therefore used the score ranges from the 
questionnaire and the sleep time from our dataset to produce 
the population’s chronotypes. The reliability test of  both 
morningness and eveningness chronotypes is contained in the 
supplementary material.

Our study is in line with previous studies; moreover, 
our study adds value to the implication of  chronotypes in the 
association between carbohydrate intake and cardiovascular risk. 
Furthermore, our study inferred a high level of  DCI associated 
with hs-CRP. Huffman et al.28 evaluated the association between 
dietary carbohydrate intake measured as dietary glycemic load 
and the plasma hs-CRP in 171 at-risk men and women. In their 
results, carbohydrate intake was independently related to hs-CRP 
(r2=0.28; p<0.04) in women. Later on, high consumption in 
dietary carbohydrate intake leading to a significant cardiovascular 
risk was also demonstrated by Baron et al.29, when was found 
in female individuals an association between late sleeping and 
carbohydrate consumption, leading to high BMI. Another study 
has demonstrated the reciprocity of  this relationship, i.e., high 
obesity risk, which tends to be most common in people eating 
high-energy meals late in the night30.

In a context where late chronotypes are associated with 
cardiovascular-risk behaviours31,32, we have surprisingly found 
in DE a lower risk-association with high hs-CRP compared to 
earlier chronotypes. Looking at the low frequencies of  the 
DE in our population, we can easily opine the significance 
of  the latter results; analysis with a higher frequency of  

participants may lead to a different finding. Nevertheless, DE 
had a higher risk-association with hs-CRP compared to all other 
chronotypes. In the ME and DE groups, there was respectively 
higher alcohol consumption and smoking frequencies 
compared to all other groups. Similarly, Ahola et al.33 assessed 
DCI and cardiometabolic risk factors with type 1 diabetes. A 
cross-sectional study found that higher carbohydrate intake 
is associated with several cardiometabolic risk factors such as 
higher blood pressure, higher waist circumference and lower 
HDL. However, DM chronotypes presented lower risk factors 
toward hs-CRP levels, despite a higher waist circumference, 
systolic blood pressure and BMI. These outcomes highlight a 
protective effect of  the chronotypes on cardiovascular health. 
The hs-CRP levels were elevated in the ME chronotypes; 
meanwhile, higher carbohydrate intake was found in the DM 
group. Our findings are consistent with previous studies in that 
earlier chronotypes are associated with healthier behaviours and 
lower cardiovascular risk factors. Among others, Patterson et 
al.34 presented a study in which the morning chronotypes have 
a tendency to consume more fruits and vegetables, with less 
screen-based sedentary computer behavior (OR = -0.2, CI = 
[-0.027 to -0.013]), leading to better heart health.

Chronotype is an inborn factor, and most people belong 
to the intermediate chronotypes. In our study, the intermediate 
chronotypes had, on average, fewer associated risk factors related 
to waist circumference, blood pressure, alcohol consumption, 
smoking status, and BMI. These findings show that chronotype 
alone is not a protective or a risk factor, but it is a combination 
of  several factors that ensure optimum health for individuals.

In addition to the association between carbohydrate 
intake and cardiovascular risk, and the association between 
carbohydrate intake and chronotypes, a moderating effect of  
the chronotypes in the association between carbohydrate intake 
and cardiovascular risk was found in the present study. The 
presence of  the chronotypes diminished the total effect of  
dietary carbohydrate intake on hs-CRP. Our study is the first to 
focus on a considerable moderation of  the chronotypes on the 
DCI’s total effect on hs-CRP.

The results of  our study suggest that the morning 
timings modify the relationship between carbohydrate intake 
and cardiovascular risk. Subsequent observational research, 
of  which controlled clinical trials, will help elucidate better 
contextual, environmental and behavioural factors that are 
responsible for the action of  chronotypes on the cardiovascular 
risk induced by high carbohydrate intake. One study mentioned 
that working on-call, when individuals fill up on all the meals 
that they skipped during the day leads them to consume fast 
food, which are high-carbohydrate meals35. There are various 
hypotheses presented together with evidence at this time, but 
more research on high macronutrient intake is needed to 
clarify the different hypotheses related to it. Future research 
will guide decision-making on strategies to change behaviour.

In conclusion, our study showed an association 
between carbohydrate consumption and cardiovascular risk, 
plus a moderation effect of  the morningness chronotype on 



Sleep Sci. 2021;14(1):3-10

9 The Chronotype Conjecture in the Association between Dietary Carbohydrate Intake and High Sensitivity C-Reactive Protein

the above-cited association. The present study opines the 
protective effect of  the chronotype on cardiovascular health.

ACKNOWLEDGMENTS
This research uses data from the National Health and 

Nutrition Examination Survey 2015 (NHANES, 2015). We 
thank the Centers for Disease Control and Prevention (CDC), 
the National Center for Health Statistics (NCHS), the National 
Health and Nutrition Examination Survey Questionnaire, 
Hyattsville, MD: U.S. Department of  Health and Human 
Services, Centers for Disease Control and Prevention, for 
making these data available.

REFERENCES
1.	 Yan PL, An P, Dong DW, Liu X, Dhana K, Franco OH, et al. Impact 

of  healthy lifestyle factors on life expectancies in the US population. 
Circulation. 2018 Jul;138(4):345-55.

2.	 Campbell KR. The use of  social media in cardiovascular medicine. US 
Cardiol Rev. 2016;10(1):41-2.

3.	 Feldman AL, Long GH, Johansson I, Weinehall L, Fhärm E, Wennberg 
P, et al. Change in lifestyle behaviors and diabetes risk: evidence from a 
population-based cohort study with 10 year follow-up. Int J Behav Nutr 
Phys Act. 2017;14(1):39.

4.	 Fischer D, Lombardi DA, Marucci-Wellman H, Roenneberg T. 
Chronotypes in the US – Influence of  age and sex. PloS ONE. 
2017;12(6):e0178782.

5.	 Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, 
Carson AP, et al. Heart disease and stroke statistics - 2019 updates: 
a report from the American Heart Association. Circulation. 2019 
Mar;139(10):e556-e8.

6.	 Johnston JD, Ordovás JM, Scheer FA, Turek FW. Circadian rhythms, 
metabolism, and chrononutrition in rodents and humans. Adv Nutr. 
2016 Mar;7(2):399-406.

7.	 Bass J, Takahashi JS. Circadian integration of  metabolism and 
energetics. Science. 2010 Dec;116(6009):434-42.

8.	 Potter GDM, Cade JE, Grant PJ, Hardie LJ. Nutrition and the circadian 
system. Br J Nutr. 2016 Aug;116(3):434-42.

9.	 McKeown NM, Meigs JB, Liu SM, Rogers G, Yoshida M, Saltzman E, et 
al. Dietary carbohydrates and cardiovascular disease risk factors in the 
Framingham offspring cohort. J Am Coll Nutr. 2009 Apr;28(2):150-8.

10.	 Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Saturated fat, carbohydrate, 
and cardiovascular disease. Am J Clin Nutr. 2010 Mar;91(3):502-9.

11.	  Reutrakul S, Hood MM, Crowley SJ, Morgan MK, Teodori M, Knutson 
KL, et al. Chronotype is independently associated with glycemic control 
in type 2 diabetes. Diabetes Care. 2013 Sep;36(9):2523-9.

12.	 Li W, Wu MY, Yuan F, Zhang H. Sugary beverage consumption 
mediates the relationship between late chronotype, sleep duration, and 
weight increase among undergraduates: a cross-sectional study. Environ 
Health Prev Med. 2018;23:63.

13.	 Crispim CA, Zimberg IZ, Reis BG, Diniz RM, Tufik S, Mello MT. 
Relationship between food intake and sleep pattern in healthy 
individuals. J Clin Sleep Med. 2011 Dec;7(6):659-64.

14.	  Jeyakumar CH, Kaur B, Quek RCY. Chrononutrition in the management 
of  diabetes. Nutr Diabetes. 2020;10:6.

15.	 Cahill LE, Chiuve SE, Mekary RA, Jensen MK, Flint AJ, Hu FB, et 
al. Prospective study of  breakfast eating and incident coronary heart 
disease in a cohort of  male U.S. health professionals. Circulation. 2013 
Jul;128(4):337-43.

16.	 Li J, Zheng D, Loffler KA, Wang X, McEvoy RD, Woodman RJ, et al. 
Sleep duration and risk of  cardiovascular events: the SAVE study. Int J 
Stroke. 2020;1747493020904913.

17.	 Lao XQ, Liu XD, Deng HB, Chan TC, Ho KF, Wang F, et al. Sleep 
quality, sleep duration, and the risk of  coronary heart disease: a 
prospective cohort study with 60,586 adults. Clin Sleep Med. 2018 
Jan;4(1):109-17.

18.	  Santana AA, Pimentel GD, Romualdo M, Oyama LM, Santos RV, 
Pinho RA, et al. Sleep duration in elderly obese patients correlated 
negatively with intake fatty. Lipids Health Dis. 2012;11:99.

19.	 St-Onge MP, Zuraikat FM. Reciprocal roles of  sleep and diet in 
cardiovascular health: a review of  recent evidence and a potential 
mechanism. Curr Atheroscler. 2019 Feb;21(3):11.

20.	 Centers for Disease Control and Prevention (CDC). National Health and 
Nutrition Examination Survey. Analytics guidelines, 2011-2014 and 2015-
2016 [Internet]. Atlanta: CDC; 2018; [access in 2019 Jun 8]. Available 
from: https://wwwn.cdc.gov/nchs/data/nhanes/analyticguidelines/11-
16-analytic-guidelines.pdf  

21.	 Ahluwalia N, Dzyer J, Terry A, Moshfegh A, Johnson C. Update on 
NHANES dietary data: focus on collection, release, analytical considerations, 
and uses to inform public policy. Adv Nutr. 2016 Jan;7(1):121-34.

22.	 Kamath DY, Denis X, Alben S, Prem P. High sensitivity C-reactive 
protein (hsCRP) & cardiovascular disease: an Indian perspective. IJMR. 
2015 Sep;142(3):261-8.

23.	 Centers for Disease Control and Prevention (CDC). National Health 
and Nutrition Examination Survey. 2015-2016 data documentation, 
codebook, and frequencies high-sensitivity C-reactive protein (hs-CRP) 
(HSCRP_I) [Internet]. Atlanta: CDC; 2015; [access in 2019 Jun 8]. 
Available from: https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/
HSCRP_I.htm

24.	 Centers for Disease Control and Prevention (CDC). National Health 
and Nutrition Examination Survey. 2015-2016 Data Documentation, 
Codebook, and Frequencies Sleep Disorders (SLQ_I) [Internet]. 
Atlanta: CDC; 2019; [access in 2020 Apr 7]. Available from: https://
wwwn.cdc.gov/Nchs/Nhanes/2015-2016/SLQ_I.htm 

25.	 Horne JA, Ostberg O. A self-assessment questionnaire to determine 
morningness-eveningness in human circadian rhythms. Int J 
Chronobiol. 1976;4(2):97-110.

26.	 Bennett, DA. How can I deal with missing data in my study?. Aust N Z 
J Public Health. 2001 Oct;25(5):464-9.

27.	 Hayes AF. Partial, conditional, and moderated moderated mediation: 
quantification, inference, and interpretation. Communication 
Monographs. 2018;85:4-40.

28.	 Huffman KM, Orenduff  MC, Samsa GP, Houmard JA, Kraus WE, 
Bales CW. Dietary carbohydrate intake and high-sensitivity C-reactive 
protein in at-risk women and men. Am Heart J. 2007;154(5):962-8.

29.	 Baron GK, Reid KJ, Horn LV, Zee PC. Contribution of  evening 
macronutrient intake to total caloric intake and body mass index. 
Appetite. 2013 Jan;60(1):246-51.

30.	 Xiao Q, Garaulet M, Scheer FAJ. Meal timing and obesity; interactions 
with macronutrient intake and chronotype. Int J Obes. 2019 
Sep;43(9):1701-11.

31.	 Knutson LK, Von Schantz M. Associations between chronotype, 
morbidity and mortality in the UK Biobank cohort. Chronobiol Int. 
2018 Aug;35(8):1045-53.

32.	 Facer-Childs ER, Pake K, Lee VY, Lucas SJ, Balanos GM. Diurnal 
variations in vascular endothelial vasodilation are influenced by 
chronotype in healthy humans. Front Physiol. 2019;10:901.

33.	 Ahola AJ, Forsblom C, Harjutsalo V, Groop PH, FinnDiane Study 
Group. Dietary carbohydrate intake and cardio-metabolic risk factors 
in type 1 diabetes. Diabetes Res Clin Pract. 2019 Sep;155:107818.

34.	 Patterson F, Malone SK, Lozano K, Grandner MA, Hanlon AL. 
Smoking, screen-based sedentary behavior, and diet associated with 
habitual sleep duration and chronotype: data from the UK Biobank. 
Ann Behav Med. 2016 Oct;50(5):715-26.

35.	 Lucassen EA, Zhao XC, Rother KI, Mattingly MS, Courville AB, 
Jonge L, et al. Evening chronotype is associated with changes in eating 
behavior, more sleep apnea, and increased stress hormones in short 
sleeping obese individuals. PloS ONE. 2013;8(3):e56519.



10Ngo-Nkondjock RV, et al.

Sleep Sci. 2021;14(1):3-10

SUPPLEMENTARY MATERIAL

Appendix (A): Association between carbohydrate intake and chronotypes

Table A presents the results of  the association between carbohydrate intake and chronotypes. Carbohydrate intake was analyzed 
into their quartiles, with the first quartile as reference. The analysis results show an inverse association between carbohydrate intake 
and chronotype. These results infer a lower risk among higher carbohydrate intake as compare to lower carbohydrate intake.

Table A. Association between carbohydrate intake and chronotypes

1st Quintile 2nd Quartile 3rd Quartile 4th Quartile

Model 1: Exp(B) P-Value 1 0 -0.08 < 0.001 -0.16 < 0.001

Model 2: Exp(B) P-Value 1 0 -0.08 < 0.001 -0.17 < 0.001

Model 3: Exp(B) P-Value CI 1 -0.05 < 0.001 -0.09 < 0.001 -0.16 < 0.001

Model 1: Carbohydrate intake and CVR Model 2: Adjustment with age, sex, and race.
Model 3: Adjustment with age, sex, race, smoking status, alcohol consumption, sleeping duration, BMI, waist circumference, triglycerides, systolic and diastolic blood pressure.

Appendix (B): reliability test between chronotype classified by wake-up time and sleep onset

We used the Cohen’s Kappa test to analyze the reliability of  classifying the chronotypes either by using the sleep onset time 
or the wake-up time. The results of  our analysis show a significant agreement towards the reliability (β= 0.2, P-value < 0.001), 
inferring that using the sleep offset or the wake-up time would not alter the chronotypes classification.

Number of  cases 6,325

Measurement of  agreement kappa (β) 0.2

P-value < 0.001

Table B. Agreement on the chronotypes classification by sleep onset time or wake-up time
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