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Abstract
Background Sleep problems are associated with abnormal cardiovascular biomarkers and an increased risk of 
cardiovascular diseases (CVDs). However, studies investigating associations between sleep problems and CVD 
biomarkers have reported conflicting findings. This study examined the associations between sleep problems and 
CVD biomarkers in the United States.

Methods Data were from the National Health and Nutrition Examination Survey (NHANES) (2007–2018) and analyses 
were restricted to adults ≥ 20 years (n = 23,749). CVD biomarkers [C-reactive Protein (CRP), low-density lipoproteins, 
high-density lipoproteins (HDL), triglycerides, insulin, glycosylated hemoglobin (HbA1c), and fasting blood glucose] 
were categorized as abnormal or normal using standardized cut-off points. Sleep problems were assessed by sleep 
duration (short [≤ 6 h], long [≥ 9 h], and recommended [> 6 to < 9 h) and self-reported sleep disturbance (yes, no). 
Multivariable logistic regression models explored the associations between sleep duration, sleep disturbance, and 
CVD biomarkers adjusting for sociodemographic characteristics and lifestyle behaviors.

Results The mean sleep duration was 7.1 ± 1.5 h and 25.1% of participants reported sleep disturbances. Compared 
to participants with the recommended sleep duration, those with short sleep duration had higher odds of abnormal 
levels of HDL (adjusted odds ratio [aOR] = 1.20, 95% confidence interval [CI] = 1.05–1.39), CRP (aOR = 3.08, 95% 
CI = 1.18–8.05), HbA1c (aOR = 1.25, 95% CI = 1.05–1.49), and insulin (aOR = 1.24, 95% CI = 1.03–1.51). Long sleep 
duration was associated with increased odds of abnormal CRP (aOR = 6.12, 95% CI = 2.19–17.15), HbA1c (aOR = 1.54, 
95% CI = 1.09–2.17), and blood glucose levels (aOR = 1.45, 95% CI = 1.07–1.95). Sleep disturbance predicted abnormal 
triglyceride (aOR = 1.18, 95% CI = 1.01–1.37) and blood glucose levels (aOR = 1.24, 95% CI = 1.04–1.49).

Conclusion Short and long sleep durations were positively associated with abnormal CRP, HDL, HbA1c, blood 
glucose, and insulin levels, while sleep disturbance was associated with abnormal triglyceride and blood glucose 
levels. Since sleep is a modifiable factor, adopting healthy sleeping habits may create a balanced metabolism and 
reduce the risk of developing a CVD. Our study may provide insights into the relationship between sleep duration, 
sleep disturbance, and CVD risk.
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Introduction
Cardiovascular diseases (CVDs) refer to a group of dis-
eases that affect the heart and blood vessels and are the 
leading cause of mortality and morbidity globally. In 
2019, 38% of premature deaths in people under 70 years 
were caused by CVDs [1]. Between 2017 and 2018, 12% 
of health expenditures in the United States (U.S.) were 
used to treat and control CVDs [2]. It is projected that by 
2035, 45.1% of the U.S. adult population will have at least 
one CVD, and the total medical costs of CVDs will reach 
$1.1 trillion [3]. CVDs are an important public health 
challenge in the U.S. However, since some predictors of 
CVDs, such as sleep problems, are lifestyle-related (mod-
ifiable), the risk of developing a CVD could be reduced 
through lifestyle changes.

Consistently, studies have evidenced a high prevalence 
of sleep problems among the U.S. adult population [4, 
5]. More than one-quarter of U.S. adults slept less than 
the recommended hours [5], and 14.5% of U.S. adults 
had trouble falling asleep in 2020 [4]. Short sleep dura-
tion (≤ 6  h), long sleep duration (≥ 9  h), and poor sleep 
quality have been associated with an increased risk 
and higher incidence of CVD [6, 7]. Sleep deprivation 
impairs coronary microcirculation [8], disrupts endo-
thelial functioning and causes early decline of vascular 
structure and function, which may increase CVD risk [9]. 
Sleep deprivation also impairs glucose homeostasis and 
insulin sensitivity, increasing CVD risk [10]. Since sleep 
problems are modifiable, changes to sleep patterns have 
the potential to prevent or delay the onset of CVDs and 
are therefore essential lifestyle factors to consider in the 
fight against CVDs. Another important factor in fight-
ing CVDs is the early detection of people at a higher 
risk of developing CVDs. Several biomarkers influence 
CVD risk and are therefore crucial in the early detection 
and prevention of CVDs. Clinically relevant biomark-
ers that have been used as markers of CVD risk include 
C-reactive Protein (CRP) [6], low-density lipoproteins 
(LDL) [11], high-density lipoproteins (HDL) [11], total 
cholesterol (TC) [6], triglycerides (TG) [6], insulin [7], 
glycosylated hemoglobin (HbA1c) [7], and fasting blood 
glucose [7]. Therefore, early detection of CVD risk using 
biomarkers could help reduce the incidence of CVDs and 
their associated health and economic consequences in 
the U.S.

A few studies have investigated the association between 
sleep duration, sleep disturbance, and CVD biomark-
ers, and these studies have reported conflicting find-
ings. Some of these studies used the NHANES data but 
focused primarily on CRP. For instance, Grandner et al. 
(2013) examined the association between sleep duration 

and CRP among U.S. adults aged 18–80 years using the 
NHANES data (2007–2008). They reported associa-
tions between short and long sleep duration and higher 
CRP levels [12]. Another study using the NHANES data 
(2007–2010) to examine the same associations among 
U.S. adults reported higher CRP levels in men with short 
sleep duration [13]. Another study associated long sleep 
duration with higher CRP levels among women [6]. Con-
versely, a study conducted among adults aged 48 to 92 
years in Britain found no significant association between 
sleep duration and CRP levels [14]. A study conducted 
among men aged 71–92 years in the United Kingdom 
reported an association between extreme sleep durations 
(short and long sleep) and HbA1c, but no association 
with other CVD biomarkers [7]. Most of the previous 
studies that have investigated the association between 
sleep problems and CVD biomarkers have focused on 
specific age groups (e.g., 40–45 years, 18–25 years) [11], 
and specific CVD biomarkers (e.g. CRP) [12, 14].

Therefore, we sought to examine how sleep duration 
and sleep disturbance are associated with CVD biomark-
ers among a large sample of the U.S. adult population. 
We hypothesized that long sleep duration, short sleep 
duration, and self-reported sleep disturbance would be 
positively associated with abnormal levels of all CVD 
biomarkers. Knowledge of the association between sleep 
problems and CVD biomarkers could help design inter-
ventions targeting specific sleep challenges of people at 
high risk of CVDs. Such interventions could lead to posi-
tive health outcomes for such individuals.

Participants and methods
Data source
This study used data from the National Health and 
Nutrition Examination Survey (NHANES, 2007–2018). 
NHANES uses a complex multistage probability sampling 
design to ensure that the selected sample represents the 
U.S. population [15]. The survey assesses the health and 
nutrition status of people of all ages through interviews 
and medical examinations. The NHANES interview col-
lects data on participants’ general health, socioeconomic 
and demographic characteristics, while the examina-
tion component comprises physical examinations (e.g. 
anthropometric measurements), clinical measurements, 
and biospecimen (e.g. blood, urine) collection for labora-
tory tests [15]. Examinations are performed in custom-
ized and equipped mobile exam centers (MEC). Data 
from NHANES are publicly released in 2-year cycles. We 
used NHANES data from 2007 because that was when 
changes were made to the subgroups being over-sampled.
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Study population
Study participants were adults (≥ 20 years) who partici-
pated in the NHANES survey during the six cycles from 
2007 to 2018. Participants aged ≥ 20 years were chosen 
because the NHANES survey consistently collected data 
for all needed variables for this age group. Participants 
included in this study were not pregnant, did not report 
having been told by a doctor that they had a CVD, and 
had complete data on sleep duration, sleep disturbance, 
CVD biomarkers, and covariates (described below). We 
derived a final analytic sample of 23,749 after applying 
the eligibility criteria above (Fig. 1). Supplementary Table 
A.1. shows the background characteristics of included 
and excluded participants.

CVD biomarkers
The main outcome variables were CVD biomarkers 
obtained from participants’ fasting blood samples col-
lected at MEC. We used CVD biomarkers associated 
with sleep measures in the literature, including HDL, 

LDL, TG, CRP, HbA1c, insulin, and blood glucose. 
NHANES data collection for CVD biomarkers was con-
sistent throughout the study period except for CRP, 
which was only available for 4 years (2007–2010), and 
insulin, which was only available for 6 years (2013–2018). 
Data on the biomarkers were categorized as abnormal or 
normal using standardized cut-off points used in previ-
ous studies [16, 17]. Participants with LDL ≥130 mg/dL, 
HDL ≤ 50  mg/dL, CRP ≥ 3  mg/dL, insulin ≥ 10.57 µU/
mL, HbA1c ≥ 6.5%, blood glucose ≥ 126 mg/dL [16], TG 
≥ 150  mg/dL [17] were categorized as having abnormal 
levels of the biomarker.

Sleep duration and sleep disturbance
The main exposure variables were self-reported sleep 
duration, which was assessed by asking participants the 
average number of hours they sleep at night on workdays, 
and self-reported sleep disturbance which was assessed 
by asking participants if they ever told a health profes-
sional that they had trouble sleeping (yes vs. no). Using 

Fig. 1 Flow chart showing the final analytic sample used in this study. Abbreviations: CVD- cardiovascular disease; BMI- body mass index
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the same cut-off values for sleep categories as previous 
studies, sleep duration was categorized as short duration 
(≤ 6  h), recommended duration (> 6 to < 9  h), and long 
duration (≥ 9  h) [13, 18]. Participants who responded 
‘don’t know’ or ‘refused’ were considered as having miss-
ing responses.

Covariates
We chose covariates from previous studies that have 
examined the relationship between sleep problems and 
cardiometabolic biomarkers [12, 14, 18]. The sociodemo-
graphic characteristics known to be associated with both 
CVD biomarkers and sleeping problems were age (20–29, 
30–39, 40–49, ≥ 50 years), sex (male, female), race/ethnic-
ity (Hispanic, non-Hispanic White, non-Hispanic Black, 
Other race), education level (less than 12th grade, high 
school diploma, some college, college graduate or above) 
and marital status (never married, married, divorced/
widowed/separated, living with a partner) were adjusted 
for possible confounding influence [18]. NHANES uses 
the Physical Activity Questionnaire (PAQ) to assess par-
ticipants’ physical activity through interviews. PAQ was 
developed from the global physical activity questionnaire 
and collects information about participants’ daily, seden-
tary, and leisure-time activities [15]. Physical activity was 
included as a lifestyle factor that influences sleep quality. 
Participants were categorized as either physically active 
or not active according to the Physical Activity Guide-
lines for Americans (PAG), that is, if they participated in 
at least 150 min per week of moderate-intensity aerobic 
physical activity [19]. Body mass index (BMI) was also 
included as a health status variable influencing sleep 
duration and sleep disturbance. BMI was classified based 
on cut-off points recommended by the World Health 
Organization (WHO) for adult populations [20].

Statistical analyses
Statistical analyses took into consideration the stratified, 
clustered, multistage sampling design of the NHANES 
survey [15]. The 4-year sub-sample MEC weights were 
used for CRP, 6-year MEC weights for insulin, and 
12-year MEC weights were used for the other outcome 
variables (biomarkers). The Wald Chi-square test for cat-
egorical variables was used to test differences in the dis-
tribution of covariates by categories of sleep duration and 
sleep disturbance. Multivariable logistic regression tech-
niques were used to examine the association between 
categories of sleep duration (short, recommended, and 
long duration) and each CVD biomarker (CRP, TG, HDL, 
LDL, blood glucose, insulin, and Hb1Ac) using the rec-
ommended duration as the reference. Multivariable 
logistic regression was also used to examine the asso-
ciation between categories of sleep disturbance and each 
abnormal CVD biomarker. All models were fit using SAS 

survey procedures, considering the NHANES complex 
survey design. We reported both crude and adjusted odds 
ratios (ORs) with 95% confidence intervals (CI) and con-
ducted sensitivity analysis without assumptions (E-value) 
[21] to measure the potential effect of unmeasured con-
founders on the associations. The E-value shows the 
minimum strength of association an unmeasured con-
founder would need to have with the exposure and out-
come to explain away the observed exposure-outcome 
association [21]. Possible interactions between each sleep 
practice and gender, age, or race were investigated. Data 
were analyzed using SAS software, Version 9.4 of the SAS 
System for Windows (SAS Institute, Cary, NC). A two-
sided P value of less than 0.05 was considered statistically 
significant. The Institutional Review Board (IRB) consid-
ered this study exempt from IRB approval since we used 
de-identified publicly available datasets.

Results
Sociodemographic characteristics of participants
A total of 23,749 participants aged at least 20 years from 
the NHANES data for the years 2007 to 2018 were used 
as the main analysis sample (Fig.  1). Table  1 shows the 
sociodemographic distribution of the study sample. 
Female participants accounted for slightly above half 
(52.7%) of the overall sample and the mean age was 
48.9 ± 16.9 years. About two-thirds (66.5%) of the partici-
pants were non-Hispanic white people, 56.8% were mar-
ried, and the majority were overweight (32.7%) or obese 
(37.5%).

Regarding sleep duration, 31.5%, 56.1%, and 12.3% 
reported sleeping for short (≤ 6 h), recommended (> 6 to 
< 9 h), and long (≥ 9 h) duration, respectively. The mean 
sleep duration was 7.1 ± 1.5 h. Participants with long sleep 
duration were more likely to be female, younger (20–29 
years), Hispanic people, never married, and obese. Par-
ticipants 50 years and older, female, non-Hispanic white 
people, divorced/widowed/ separated, and obese were 
more likely to report sleep disturbances compared to 
their counterparts. One in every four (25.1%) partici-
pants had told a health professional that they had trouble 
sleeping (sleep disturbance). Supplementary Table A.2. 
shows sample sizes for the number of participants whose 
CVD biomarkers were used in data analysis.

Associations between sleep duration and biomarkers
Table  2 displays the associations between sleep prob-
lems and CVD biomarkers. In the crude model, we 
found increased odds for abnormal CRP (OR = 3.35, 95% 
CI = 1.26–8.90), HDL (OR = 1.33, 95% CI = 1.18–1.50), 
HbA1c (OR = 1.40, 95% CI = 1.18–1.67), blood glucose 
(OR = 1.18, 95% CI = 1.00-1.40), and insulin (OR = 1.32, 
95% CI = 1.12–1.55) among those who reported short 
sleep duration compared to participants who reported 
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the recommended sleep duration. Study participants 
who reported long duration had increased odds of having 
abnormal CRP (OR = 7.21, 95% CI = 2.39–21.73), HbA1c 
(OR = 1.60, 95% CI = 1.22–2.11), and blood glucose 
(OR = 1.46, 95% CI = 1.13–1.88), compared to participants 
in the recommended sleep duration category.

After adjusting for sociodemographic and lifestyle 
behavior, the odds of having an abnormal CRP level were 
higher among participants who reported both short 
(aOR = 3.08, 95% CI = 1.18–8.05) and long (aOR = 6.12, 
95% CI = 2.19–17.15) sleep duration compared to par-
ticipants who reported the recommended sleep dura-
tion. Participants who reported short sleep duration 
had higher odds of having abnormal levels of HDL 

(aOR = 1.20, 95% CI = 1.05–1.39), HbA1c (aOR = 1.25, 95% 
CI = 1.05–1.49), and insulin (aOR = 1.24, 95% CI = 1.03–
1.51) compared to the recommended group. Long sleep 
duration was significantly associated with higher levels 
of HbA1c (aOR = 1.54, 95% CI = 1.09–2.17), and blood 
glucose (aOR = 1.45, 95% CI = 1.07–1.95) in the adjusted 
model. Participants with diabetes, hypertension, and high 
cholesterol were excluded from the adjusted models.

Associations between sleep disturbance and biomarkers
Study participants who reported sleep disturbance had 
higher odds of abnormal triglycerides (OR = 1.31, 95% 
CI = 1.14–1.50), HbA1c (OR = 1.40, 95% CI = 1.16–1.70), 
blood glucose (OR = 1.45, 95% CI = 1.22–1.72), and 

Table 1 Sample characteristics by sleep duration and sleep disturbance in the U.S. adult population, NHANES 2007–2018
Characteristics All Sleep duration1 Sleep disturbance

Short Recommended Long p-value2 Yes No p-value2

Unweighted (n) 23,749 7483 13,341 2925 5956 17,793
Total weighted % 100 31.5 56.1 12.3 25.1 74.9
Age, years % < 0.001 < 0.001
20–29 17.8 15.8 17.1 26.3 10.7 20.4
30–39 18.7 21.1 17.9 17.0 16.4 19.6
40–49 20.3 23.1 20.5 12.3 20.9 20.0
≥50 43.3 40.1 44.5 44.5 52.1 40.0
Sex % < 0.001 < 0.001
Male 47.3 51.0 46.9 40.4 39.7 50.1
Female 52.7 49.2 53.1 59.6 60.3 49.9
Race/Ethnicity % < 0.001 < 0.001
Hispanic 14.3 15.2 13.6 16.1 9.4 16.2
Non-Hispanic White 66.5 59.1 70.3 63.7 74.2 63.6
Non-Hispanic Black 11.0 17.1 8.2 11.1 9.8 11.4
Other race 8.2 8.6 7.8 9.1 6.5 8.8
Educational Level % < 0.001 < 0.001
Less than 12th grade 14.2 16.6 12.4 17.8 12.2 14.9
High school diploma 21.6 24.5 19.2 27.8 22.7 21.2
Some college 31.3 33.4 30.2 32.3 35.1 29.9
College graduate or above 32.9 25.6 38.2 22.0 30.0 34.0
Marital Status % < 0.001 < 0.001
Never married 18.0 18.4 16.8 23.7 16.4 18.7
Married 56.8 53.7 60.5 44.7 52.9 58.3
Divorced/widowed/separated 17.0 19.3 15.4 19.7 23.4 14.5
Living with a partner 8.2 8.7 7.3 12.0 7.3 8.5
BMI, kg/m2% < 0.001 < 0.001
Underweight (< 18.5) 1.5 10.9 2.7 4.1 2.2 3.1
Normal (18.5–24.9) 28.3 40.0 36.1 38.0 27.7 36.6
Overweight (25.0-29.9 32.7 23.7 31.9 27.6 26.4 32.5
Obese (≥ 30) 37.5 25.4 29.3 30.3 43.6 27.7
Physical Activity3% < 0.001 < 0.001
Active 65.9 66.8 66.8 58.8 62.3 67.3
Not active 34.1 33.2 33.2 41.2 37.7 32.7
Abbreviations %, weighted percentages; BMI, body mass index
1 Sleep duration: short (≤ 6 h), recommended (> 6 to < 9 h), long (≥ 9 h)
2 P-values are from chi-square test
3 Physical activity (active): participated in at least 150 min per week of moderate-intensity aerobic physical activity
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insulin (OR = 1.32, 95% CI = 1.13–1.53) in the crude 
model (Table  2). After adjusting for sociodemographic 
and lifestyle behavior, participants who reported trou-
ble sleeping had higher odds of abnormal triglyceride 
(aOR = 1.18, 95% CI = 1.01–1.37), and blood glucose 
(aOR = 1.24, 95% CI = 1.04–1.49) levels. Results from the 
tests for interactions showed an interaction between 
sleep duration and age, as well as sleep disturbance and 
age for CRP (p < 0.001).

Sensitivity analysis
We calculated E-values for all statistically significant 
associations in the adjusted models (Table  2). A large 
E-value implies that substantial unmeasured confound-
ing will be needed to explain away an observed associa-
tion, and vice versa. The sensitivity analysis revealed that 
unmeasured confounding cannot easily explain away 
these observed associations. For instance, an E-value 
of 5.28 was obtained for the association between short 
sleep duration and CRP. This means that the observed 

association between short sleep duration and CRP could 
be explained away by an unmeasured confounder asso-
ciated with both short sleep duration and CRP by a risk 
ratio of 5.28-fold each, above and beyond the measured 
confounders. An E-value of 12.16 was calculated for the 
association between long sleep duration and CRP, while 
the association between short sleep and HDL had an 
E-value of 1.37. The association between short sleep and 
insulin had an E-value of 1.46.

Discussion
This study examined associations of sleep duration and 
sleep disturbance with CVD biomarkers in the U.S. adult 
population using data from the NHANES survey (2007 
to 2018). One in four study participants reported sleep 
disturbance. Short sleep duration was positively associ-
ated with abnormal HDL, CRP, HbA1c, and insulin, while 
abnormal CRP, HbA1c, and blood glucose were posi-
tively associated with long sleep duration in the adjusted 

Table 2 Associations between sleep problems and abnormal CVD biomarkers in the U.S. adult population, NHANES 2007–2018
Odds Ratio (95% Confidence Intervals)

Abnormal biomarkers1 Sleep duration2 Sleep Disturbance

(Total sample size) Short Recommended Long No Yes
Abnormal CRP (n = 6,371)
Crude model 3.35 (1.26–8.90) ** Ref 7.21 (2.39–21.73) ** Ref 1.49 (0.55–4.05)
Adjusted model 3 3.08 (1.18–8.05) ** Ref 6.12 (2.19–17.15) ** Ref 1.32 (0.45–3.85)
Abnormal HDL (n = 23,445)
Crude model 1.33 (1.18–1.50) ** Ref 0.99 (0.81–1.20) Ref 0.90 (0.80-1.00)
Adjusted model 3 1.20 (1.05–1.39) * Ref 0.99 (0.81–1.20) Ref 0.96 (0.83–1.12)
Abnormal LDL (n = 10,995)
Crude model 1.01 (0.91–1.13) Ref 0.87 (0.72–1.04) Ref 1.09 (0.96–1.23)
Adjusted model 3 0.98 (0.87–1.10) Ref 0.92 (0.76–1.12) Ref 0.97 (0.84–1.11)
Abnormal TG (n = 11,161)
Crude model 1.14 (0.98–1.31) Ref 1.08 (0.92–1.26) Ref 1.31 (1.14–1.50) **
Adjusted model 3 1.11 (0.95–1.29) Ref 1.11 (0.94–1.30) Ref 1.18 (1.01–1.37) *
Abnormal HbA1c (n = 23,710)
Crude model 1.40 (1.18–1.67) ** Ref 1.60 (1.22–2.11) ** Ref 1.40 (1.16–1.70) **
Adjusted model 3 1.25 (1.05–1.49) ** Ref 1.54 (1.09–2.17) ** Ref 1.16 (0.95–1.42)
Abnormal Glucose (n = 11,410)
Crude model 1.18 (1.00-1.40) ** Ref 1.46 (1.13–1.88) ** Ref 1.45 (1.22–1.72) **
Adjusted model 3 1.09 (0.91–1.29) Ref 1.45 (1.07–1.95) * Ref 1.24 (1.04–1.49) *
Abnormal Insulin (n = 6,082)
Crude model 1.32 (1.12–1.55) ** Ref 1.26 (0.99–1.62) Ref 1.32 (1.13–1.53) **
Adjusted model 3 1.24 (1.03–1.51) * Ref 1.25 (0.89–1.77) Ref 1.09 (0.91–1.31)
Abbreviations CVD: cardiovascular disease, Ref: Reference group, CRP: C-reactive proteins, Hb1Ac: glycohemoglobin,

HDL: high-density lipoproteins, LDL: low-density lipoproteins, TG: Triglycerides, Glucose: blood glucose level
1 Cutoff for cardiovascular biomarkers: CRP: C-reactive proteins (≥ 3 mg/dL), Hb1Ac: glycohemoglobin (≥ 6.5%), HDL: high-density

lipoproteins (≤ 50 mg/dL), LDL: low-density lipoproteins (≥ 130 mg/dL), Triglycerides: (≥ 150 mg/dL), Glucose:(≥ 126 mg/dL),

Insulin: (≥ 10.57uU/mL).
2 Sleep duration: short (≤ 6 h), recommended (> 6 to < 9 h), long (≥ 9 h)
3 Adjusted model included age, sex, educational level, race/ethnicity, marital status, BMI, and physical activity

* Denotes P-values ≤ 0.05; ** Denotes P-values ≤ 0.01

Bolded odds ratios and 95% confidence intervals indicate statistical significance
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model. Triglycerides and blood glucose were positively 
associated with sleep disturbances in the adjusted model.

The percentage of study participants (25%) who 
reported having sleep disturbances in this study was like 
that reported in previous studies among adults in the 
U.S. (29.8%, 27.7%) [22, 23]. This finding underscores the 
importance of the problem among Americans. Further 
scientific inquiries will be pivotal in understanding the 
factors leading to sleep disturbance and interventions to 
overcome the problem.

We noted that short sleep duration increased the odds 
of abnormal HDL levels. This is in contrast with a recent 
systematic review on the association between sleep dura-
tion and abnormal lipid profile, where short sleep dura-
tion was not associated with HDL [24]. Nevertheless, 
other cross-sectional studies reported that short sleep 
duration was associated with abnormal HDL [25, 26]. 
Low HDL has been associated with an elevated risk of 
CVD, such as atherosclerotic CVD [27]. HDL’s cardiovas-
cular defensive effect is attributed to its role in transport-
ing excess cholesterol originating from the peripheral 
tissues to the hepatic system through reverse choles-
terol transport [27]. In addition, low levels of HDL may 
have antioxidant, anti-inflammatory, and antithrombotic 
properties, which are likely to contribute to these athero-
protective effects [28]. Although we cannot provide evi-
dence of how long the participants had been exposed to 
short sleep duration due to the cross-sectional nature 
of the data used in this study, participants who reported 
short sleep duration may have experienced it for longer 
persistent periods exposing them to low HDL levels. 
However, recent studies have revealed contrasting find-
ings [27, 29, 30]. Hence, more clinical trials are needed to 
investigate the causal pathways between HDL and CVD 
risk.

Similar to our findings on the association between 
blood glucose and triglycerides with sleep disturbances, 
other studies also reported that abnormal blood glucose 
[31] and triglycerides [31] were associated with sleep dis-
turbances. Various sleep disorders are associated with 
high blood glucose levels and poor glycemic control 
[32, 33]. Insufficient sleep can cause increased glucose 
intolerance, thus increasing the risk of diabetes mellitus 
[34]. A systematic review on short sleep duration and 
the risk of developing insulin resistance reported simi-
lar findings and noted the limited understanding of the 
mechanisms involved [35]. The association between sleep 
duration and disturbance with glucose metabolism is not 
well understood since most related studies are observa-
tional [36]. However, these sleep disorders appear to shift 
morning cortisol levels and sympathovagal balance, thus 
increasing hepatic glucogenesis and reducing insulin 
sensitivity [36]. In addition, sleep disturbances can cause 
dysregulation of the sympathetic and parasympathetic 

regulation of pancreatic function [37]. Thus, strategies to 
ensure that sleep time is uninterrupted and adequate can 
improve the quality of sleep, create a balanced glucose 
metabolism, and curb long-term complications of insulin 
resistance, such as type 2 diabetes.

Our study findings revealed that a short sleep dura-
tion increased the odds of abnormal insulin levels in the 
adjusted model. This was consistent with earlier research 
studies, which show that short sleep duration is associ-
ated with insulin resistance [38, 39]. Insufficient sleep 
can result in increased glucose intolerance, thus increas-
ing the risk of diabetes mellitus [38, 40]. It is also possible 
that elevated CRP levels have an underlying impact on 
the association between short sleep duration and pre-
diabetes [41]. Sleep disorders appear to shift morning 
cortisol levels and sympathovagal balance, thus increas-
ing hepatic glucogenesis and reducing insulin sensitivity 
[36]. Thus, strategies to ensure that sleep time is uninter-
rupted and adequate can be beneficial to ensure optimal 
metabolic health, create balanced glucose metabolism 
and curb long term complications of insulin resistance 
such as type 2 diabetes.

Our study revealed that both short and long sleep dura-
tion are positively associated with higher concentrations 
of CRP, a finding similar to those of studies in the U.S 
[6], Korea [42], and Taiwan [43]. Short sleep duration 
increases sympathetic nervous system activity, causing 
elevated CRP concentrations [44]. CRP is the primary 
marker of proteins that are responsible for the response 
to inflammatory stimuli; hence, it is useful in the predic-
tion of myocardial infarction and stroke [6]. CRP also 
promotes the secretion of inflammatory mediators that 
increase the uptake of LDL by endothelial cells [44]. 
Proinflammatory cytokines high in obese and diabetic 
patients are suspected to be key players in sleep patholo-
gies such as sleep fatigue and apnea. Thus, long sleep 
duration increases proinflammatory cytokines, and the 
cytokines increase CRP concentrations and promote the 
development of CVD [6].

Strengths and limitations
The strength of this study was in the increased power 
based on the large sample size that was nationally repre-
sentative and examined the associations between sleep 
measures and over six CVD biomarkers. The study also 
had some limitations. First, sleep duration and sleep dis-
turbance in this study were self-reported and may, there-
fore, be inaccurate due to recall bias. The question used to 
assess sleep disturbance asked if the participant had ever 
told a health professional that they had trouble sleep-
ing. This, therefore, depends on their recollection and 
may therefore be inaccurate. A recent study that com-
pared a self-reported assessment of sleep problems and 
an objective assessment (actigraphy) reported a low level 
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of agreement (57%) between the two methods [45]. The 
study evidenced the low level of accuracy in self-reported 
sleep problems. For sleep duration, participants were 
asked about their average sleep duration on weekdays/
workdays. Data was not available for weekends/non-
workdays sleep duration. Since sleep is usually longer and 
less disturbed on weekends/non-workdays [46], the find-
ings of our study do not apply to weekends/non-work-
days and must be interpreted in this context. Because of 
the unavailability of data, we could not account for the 
standard time clock changes in sleep duration and sleep 
disturbance. Second, the cross-sectional design has limits 
in making causal inferences in the relationship between 
sleep problems and CVDs. Third, the sample sizes for 
participants with some biomarkers, such as CRP, were 
small but significant, which could have exaggerated or 
attenuated the observed associations between sleep 
problems and biomarkers. Prospective evaluations using 
more sensitive scales on sleep problems will be useful for 
a clearer understanding of how they are associated with 
CVD risk. We recommend that future studies objectively 
measure sleep problems using validated methods, such as 
actigraphy.

Study implications
The findings of this study are imperative in informing 
researchers to better understand the potential mecha-
nisms between sleep problems and CVD biomarkers. 
The inflammation and HDL biomarkers may be potential 
mediators given the supporting evidence from the lit-
erature. These should be closely monitored for patients 
suffering from sleep disorders. Additionally, the findings 
of this study are of clinical importance in informing the 
assessment of CVD risk-enhancing factors to guide deci-
sion-making for comprehensive lifestyle interventions 
such as healthy diet, physical activity, and healthy sleep-
ing habits among adults [47]. The Healthy People 2030 
asserts the need for public awareness of the benefits of a 
healthy regular sleep schedule in a safe sleeping environ-
ment [48]. Proactive measures to ensure optimum sleep 
duration and minimize sleep disturbances by switch-
ing off electronic devices, avoiding stimulant drinks and 
foods at bedtime, consistent bed timing, and a serene 
and comfortable bedroom temperature are essential for 
healthy sleep. As part of medical management, periodic 
screening of CVD biomarkers will promote early detec-
tion of CVDs, particularly among individuals diagnosed 
with sleep disorders.

Conclusions
Short and long sleep durations were positively associ-
ated with abnormal CRP, HDL, HbA1c, blood glucose, 
and insulin levels, whilst sleep disturbance was associ-
ated with abnormal triglyceride and blood glucose levels. 

Since sleep duration and sleep disturbances are modifi-
able measures, adopting healthy sleeping habits may 
create a balanced metabolism and reduce the risk of 
developing a CVD. Our study may provide insights into 
the relationship between sleep duration, sleep distur-
bance, and CVD risk.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-18381-5.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
The authors would like to express their gratitude to all study participants 
whose data were analyzed in this study.

Author contributions
All authors had substantial contributions to the article. PNOA, PTM, LZ, and JL 
were involved in the conceptualization and design of the study. PNOA, PTM, 
LZ, and JL conducted the analysis and interpretation of data. PNOA and PTM 
wrote the first manuscript draft, reviewed, and revised the manuscript. JL, 
MJB, and MK contributed to the interpretation of the manuscript’s intellectual 
contribution through several rounds of critical revisions. All authors approved 
the final manuscript as submitted.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
The datasets analyzed during the current study are available in the [NHANES] 
repository, [https://wwwn.cdc.gov/nchs/nhanes/Default.aspx]

Declarations

Ethics approval and consent to participate
The Institutional Review Board (IRB) considered this study exempt from IRB 
approval since we used deidentified publicly available datasets.

Consent for publication
(consent statement regarding publishing an individual’s data or image): 
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Epidemiology and Biostatistics, Arnold School of Public 
Health, University of South Carolina, 915 Greene Street, 29208 Columbia, 
South Carolina, USA
2Arnold School of Public Health, South Carolina Smart State Center 
for Healthcare Quality, University of South Carolina, Columbia, South 
Carolina, USA
3Rural and Minority Health Research Center, Arnold School of Public 
Health, University of South Carolina, Columbia, South Carolina, USA
4Office for the Study on Aging, Arnold School of Public Health, University 
of South Carolina, Columbia, South Carolina, USA

Received: 12 April 2023 / Accepted: 18 March 2024

https://doi.org/10.1186/s12889-024-18381-5
https://doi.org/10.1186/s12889-024-18381-5
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx


Page 9 of 9Addo et al. BMC Public Health          (2024) 24:947 

References
1. Cardiovascular diseases (CVDs). https://www.who.int/news-room/fact-

sheets/detail/cardiovascular-diseases-(cvds). Accessed 8 Dec 2022.
2. Tsao CW, Aday AW, Almarzooq ZI, et al. Heart Disease and Stroke Statis-

tics—2022 update: a Report from the American Heart Association. Circula-
tion. 2022;145:e153–639.

3. Nelson S, Whitsel L, Khavjou O, Phelps D, Leib A. Projections of cardiovascular 
disease prevalence and costs. RTI Int; 2016.

4. Adjaye-Gbewonyo D, Ng AE, Black LI. (2022) Sleep Difficulties in Adults: 
United States, 2020. NCHS Data Brief 1–8.

5. CDCMMWR. QuickStats: percentage of adults aged ≥ 18 years who Sleep 7 
hours on average in a 24-Hour period, by sex and Age Group — National 
Health Interview Survey, United States, 2020. MMWR Morb Mortal Wkly Rep. 
2022. https://doi.org/10.15585/mmwr.mm7110a6.

6. Williams CJ, Hu FB, Patel SR, Mantzoros CS. Sleep duration and snoring in rela-
tion to biomarkers of cardiovascular disease risk among women with type 2 
diabetes. Diabetes Care. 2007;30:1233–40.

7. Zonoozi S, Ramsay SE, Papacosta O, Lennon L, Ellins EA, Halcox JP, Whincup 
PH, Wannamethee SG. Self-reported sleep duration and napping, cardiac risk 
factors and markers of subclinical vascular disease: cross-sectional study in 
older men. BMJ Open. 2017;7:e016396.

8. Sekine T, Daimon M, Hasegawa R, Toyoda T, Kawata T, Funabashi N, Komuro 
I. The impact of sleep deprivation on the coronary circulation. Int J Cardiol. 
2010;144:266–7.

9. Covassin N, Singh P. Sleep Duration and Cardiovascular Disease Risk: epide-
miologic and experimental evidence. Sleep Med Clin. 2016;11:81–9.

10. Nedeltcheva AV, Kessler L, Imperial J, Penev PD. Exposure to recurrent sleep 
restriction in the setting of high caloric intake and physical inactivity results 
in increased insulin resistance and reduced glucose tolerance. J Clin Endocri-
nol Metab. 2009;94:3242–50.

11. Fernström M, Fernberg U, Hurtig-Wennlöf A. The importance of cardiorespira-
tory fitness and sleep duration in early CVD prevention: BMI, resting heart 
rate and questions about sleep patterns are suggested in risk assessment 
of young adults, 18–25 years: the cross-sectional lifestyle, biomarkers and 
atherosclerosis (LBA) study. BMC Public Health. 2020;20:1715.

12. Grandner MA, Buxton OM, Jackson N, Sands-Lincoln M, Pandey A, Jean-Louis 
G. Extreme sleep durations and increased C-reactive protein: effects of sex 
and ethnoracial group. Sleep. 2013;36:769–79.

13. Richardson MR, Churilla JR. Sleep duration and C-Reactive protein in US 
adults. South Med J. 2017;110:314–7.

14. Leng Y, Ahmadi-Abhari S, Wainwright NW, Cappuccio FP, Surtees PG, Luben 
R, Brayne C, Khaw K-T. Daytime napping, sleep duration and serum C reactive 
protein: a population-based cohort study. BMJ Open. 2014;4:e006071.

15. NHANES Survey Methods and Analytic Guidelines. https://wwwn.cdc.gov/
nchs/nhanes/analyticguidelines.aspx/sample-design#analytic-guidelines. 
Accessed 17 Mar 2023.

16. Wirth MD, Zhao L, Turner-McGrievy GM, Ortaglia A. Associations between 
Fasting Duration, timing of First and last meal, and Cardiometabolic End-
points in the National Health and Nutrition Examination Survey. Nutrients. 
2021;13:2686.

17. (2021) Triglyceride levels: Normal, risks of high levels, and more. https://www.
medicalnewstoday.com/articles/triglyceride-levels. Accessed 21 Sep 2022.

18. Kase BE, Liu J, Wirth MD, Shivappa N, Hebert JR. Associations between dietary 
inflammatory index and sleep problems among adults in the United States, 
NHANES 2005–2016. Sleep Health. 2021;7:273–80.

19. 2008 Physical Activity Guidelines for Americans| health.gov. https://health.
gov/our-work/nutrition-physical-activity/physical-activity-guidelines/previ-
ous-guidelines/2008-physical-activity-guidelines. Accessed 8 Dec 2022.

20. Weir CB, Jan A. (2019) BMI classification percentile and cut off points.
21. VanderWeele TJ, Ding P. Sensitivity analysis in observational research: intro-

ducing the E-value. Ann Intern Med. 2017;167:268–74.
22. Di H, Guo Y, Daghlas I, Wang L, Liu G, Pan A, Liu L, Shan Z, Adults US. 2017–20. 

JAMA Netw Open 5:e2240788–e2240788.
23. Cai Y, Chen M, Zhai W, Wang C. Interaction between trouble sleeping and 

depression on hypertension in the NHANES 2005–2018. BMC Public Health. 
2022;22:481.

24. Abdurahman AA, Bule M, Shab-Bidar S, Rezaei S, Djafarian K. The associa-
tion between sleep duration and risk of abnormal lipid profile: a systematic 
review and meta-analysis. Obes Med. 2020;18:100236.

25. Lin P, Chang K-T, Lin Y-A, Tzeng I-S, Chuang H-H, Chen J-Y. Associa-
tion between self-reported sleep duration and serum lipid profile in a 

middle-aged and elderly population in Taiwan: a community-based, cross-
sectional study. BMJ Open. 2017;7:e015964.

26. Aho V, Ollila HM, Kronholm E, Bondia-Pons I, Soininen P, Kangas AJ, Hilvo 
M, Seppälä I, Kettunen J, Oikonen M. Prolonged sleep restriction induces 
changes in pathways involved in cholesterol metabolism and inflammatory 
responses. Sci Rep. 2016;6:24828.

27. Rohatgi A, Westerterp M, von Eckardstein A, Remaley A, Rye K-A. HDL in the 
21st Century: a multifunctional Roadmap for Future HDL Research. Circula-
tion. 2021;143:2293–309.

28. Brites F, Martin M, Guillas I, Kontush A. Antioxidative activity of high-density 
lipoprotein (HDL): mechanistic insights into potential clinical benefit. BBA 
Clin. 2017;8:66–77.

29. Slomski A. High HDL cholesterol linked with death in coronary artery disease. 
JAMA. 2022;328:10.

30. Xiang AS, Kingwell BA. Rethinking good cholesterol: a clinicians’ guide to 
understanding HDL. Lancet Diabetes Endocrinol. 2019;7:575–82.

31. Barikani A, Javadi M, Rafiei S. (2019) Sleep quality and blood lipid composi-
tion among patients with diabetes. Int J Endocrinol Metab 17.

32. Jin Q-H, Chen H-H, Yu H-L, Li T-L. The relationship between sleep quality and 
glucose level, diabetic complications in elderly type 2 diabetes mellitus. 
Zhonghua Nei Ke Za Zhi. 2012;51:357–61.

33. Ip M, Mokhlesi B. Sleep and glucose intolerance/diabetes mellitus. Sleep Med 
Clin. 2007;2:19–29.

34. Gottlieb DJ, Punjabi NM, Newman AB, Resnick HE, Redline S, Baldwin CM, 
Nieto FJ. Association of sleep time with diabetes mellitus and impaired 
glucose tolerance. Arch Intern Med. 2005;165:863–7.

35. Singh T, Ahmed TH, Mohamed N, Elhaj MS, Mohammed Z, Paulsingh CN, 
Mohamed MB, Khan S. Does Insufficient Sleep increase the risk of developing 
insulin resistance. Syst Rev Cureus 14:e23501.

36. Stamatakis KA, Punjabi NM. Effects of sleep fragmentation on glucose 
metabolism in normal subjects. Chest. 2010;137:95–101.

37. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and 
endocrine function. Lancet Lond Engl. 1999;354:1435–9.

38. Xu H, Liang C, Zou J, Yi H, Guan J, Gu M, Feng Y, Yin S. Interaction between 
obstructive sleep apnea and short sleep duration on insulin resistance: a 
large-scale study: OSA, short sleep duration and insulin resistance. Respir Res. 
2020;21:151.

39. Donga E, van Dijk M, van Dijk JG, Biermasz NR, Lammers G-J, van Kralingen K, 
Hoogma RPLM, Corssmit EPM, Romijn JA. Partial sleep restriction decreases 
insulin sensitivity in type 1 diabetes. Diabetes Care. 2010;33:1573–7.

40. Nilsson PM, Rööst M, Engström G, Hedblad B, Berglund G. Incidence of 
diabetes in middle-aged men is related to sleep disturbances. Diabetes Care. 
2004;27:2464–9.

41. Iyegha ID, Chieh AY, Bryant BM, Li L. Associations between poor sleep 
and glucose intolerance in prediabetes. Psychoneuroendocrinology. 
2019;110:104444.

42. Lee H-W, Yoon H-S, Yang JJ, Song M, Lee J, Lee S-A, Choi J-Y, Kang D. Associa-
tion of sleep duration and quality with elevated hs-CRP among healthy 
Korean adults. PLoS ONE. 2020;15:e0238053.

43. Chiang J-K. Short duration of sleep is associated with elevated high-sensitiv-
ity C-reactive protein level in Taiwanese adults: a cross-sectional study. J Clin 
Sleep Med. 2014;10:743–9.

44. Meier-Ewert HK, Ridker PM, Rifai N, Regan MM, Price NJ, Dinges DF, Mulling-
ton JM. Effect of sleep loss on C-reactive protein, an inflammatory marker of 
cardiovascular risk. J Am Coll Cardiol. 2004;43:678–83.

45. Al Lawati I, Zadjali F, Al-Abri MA. Agreement analysis of sleep patterns 
between self-reported questionnaires and actigraphy in adults. Sleep Breath. 
2021;25:1885–91.

46. Petersen H, Kecklund G, D’Onofrio P, Axelsson J, Åkerstedt T. Thank god it’s 
Friday– sleep improved. J Sleep Res. 2017;26:567–71.

47. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA Guideline on the 
primary Prevention of Cardiovascular Disease: a report of the American Col-
lege of Cardiology/American Heart Association Task Force on Clinical Practice 
guidelines. Circulation. 2019;140:e596–646.

48. National Academies of Sciences, Medicine. (2020) Department of Health and 
Human Services Proposed Objectives for Inclusion in Healthy People 2030. 
Lead. Health Indic. 2030 Adv. Health Equity Well-Being.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://doi.org/10.15585/mmwr.mm7110a6
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx/sample-design#analytic-guidelines
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx/sample-design#analytic-guidelines
https://www.medicalnewstoday.com/articles/triglyceride-levels
https://www.medicalnewstoday.com/articles/triglyceride-levels
https://health.gov/our-work/nutrition-physical-activity/physical-activity-guidelines/previous-guidelines/2008-physical-activity-guidelines
https://health.gov/our-work/nutrition-physical-activity/physical-activity-guidelines/previous-guidelines/2008-physical-activity-guidelines
https://health.gov/our-work/nutrition-physical-activity/physical-activity-guidelines/previous-guidelines/2008-physical-activity-guidelines

	Associations between sleep duration, sleep disturbance and cardiovascular disease biomarkers among adults in the United States
	Abstract
	Introduction
	Participants and methods
	Data source
	Study population
	CVD biomarkers
	Sleep duration and sleep disturbance
	Covariates
	Statistical analyses

	Results
	Sociodemographic characteristics of participants
	Associations between sleep duration and biomarkers
	Associations between sleep disturbance and biomarkers
	Sensitivity analysis

	Discussion
	Strengths and limitations
	Study implications

	Conclusions
	References


