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Abstract

Background In the current literature, the association between sleep and different lipids is inconsistent. We aimed to assess the
association of sleep with HDL cholesterol, triglyceride, and LDL cholesterol in the National Health and Nutrition Examination
Survey (NHANES), 2013/2014.

Methods We included 2705 participants from NHANES, 2013/2014. Cross-sectional information was measured on sleep dura-
tion and HDL cholesterol/triglyceride/LDL cholesterol. Generalized additive models (GAM) were constructed to assess the
smooth relationship between the HDL cholesterol/triglyceride/LDL cholesterol, and the sleep duration. Models were adjusted
for age, sex, race, marital status, household size, sitting time and physical activity. Effective degree of freedom (EDF) value in
GAM indicated the amount of non-linearity of the smooth. EDF =1 was indicative of a linear pattern of association. A value
greater than 1 denoted a more complex association between outcome and sleep duration.

Results The highest mean HDL cholesterol level was observed in participants sleeping 8 h/day. There was a significant non-linear
association between sleep duration and HDL cholesterol in unadjusted GAM (EDF =2.58, P=0.002) and adjusted GAM
(EDF =1.85, P=0.003). The lowest mean triglyceride level was observed in people sleeping 6 h/day. There was a significant
non-linear association between sleep duration and triglyceride in unadjusted GAM (EDF =3.05, P=0.02) and adjusted GAM
(EDF =1.78, P=0.02). There was no significant non-linear association between sleep duration and LDL cholesterol in either
unadjusted GAM (EDF =1.01, P=0.2) or adjusted GAM (EDF =1.01, P=0.8).

Conclusion Short sleep duration was associated with low HDL cholesterol/high triglyceride. Further longitudinal studies are
warranted to shed extra light on this relationship.

Keywords Sleep - Generalized additive model - Triglyceride - High density lipoprotein - Low density lipoprotein

Introduction

Sleep insufficiency, defined as diminished sleep quantity and/or
quality, is a global issue. Sleep guidelines for adults recommend
7-9 h’ sleep daily [15]. Sleeping less than 7 h might be harmful
for health, well-being, and performance [22]. Some studies
found significant associations between short sleep duration and
HDL cholesterol, triglyceride and/or LDL cholesterol [1, 2,
9-12, 17]. But, the associations were not consistent across all
three lipid groups. In addition, in some studies, the association
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became insignificant after further adjustment of statistical
models [16, 20]. In addition to short sleep, long sleep duration
could also be detrimental for health [22]. Some studies showed
significant associations between long sleep duration and HDL
cholesterol, triglyceride and/or LDL cholesterol [9, 12, 20, 21,
24]. But, there were no universal agreements on the significance
of associations across all three lipid groups. Moreover, the long
duration of sleep was defined differently, more than 7, 8 or 9 h,
in various studies. These inconsistencies warranted further stud-
ies with application of better analytical methods to picture the
non-linear associations of sleep duration and lipid profiles.

Methods

The current investigation was carried out to assess the associ-
ation of sleep and HDL cholesterol, triglyceride and LDL
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cholesterol in National Health and Nutrition Examination
Survey (NHANES) 2013/2014.

Population

NHANES is one of the principal programs of the National
Center for Health Statistics which is part of the Centers for
Disease Control and Prevention (CDC). NHANES program
began in the early 1960s and was designed to evaluate peo-
ple’s health and nutritional status in the United States. It fo-
cused on different population groups and health topics.
NHANES has been used to determine the prevalence of risk
factors and major diseases, to assess the association of nutri-
tional status with disease prevention and health promotion, to
develop national biological standards, and to design new
health programs and services. NHANES surveyed a nation-
wide representative sample of about 5000 people each year.
The samples were located in counties across the country, 15 of
which are visited each year. The conducted surveys were
unique since they combined interviews and physical exami-
nations. The examination section involves clinical, physiolog-
ical and laboratory evaluations administered by trained med-
ical personnel. The dataset in the current study contained
10,175 interviews and physical examinations. It included de-
mographic, socioeconomic, dietary, and health-related infor-
mation such as smoking history, alcohol consumption, phys-
ical inactivity and lipid profiles. Sleep information was col-
lected in 6464 people of which, lipid profiles were recorded in
2711 people.

Data Analysis

The data were examined and six outliers that were severely
out of range, were deleted. The descriptive characteristics for
each variable were analyzed. Lipid profiles were treated as
both continuous and categorical. They were categorized as
follows: serum HDL cholesterol <40 mg/dl vs. >40 mg/dl in
men, serum triglyceride >150 mg/dl vs. <150 mg/dl, and LDL
cholesterol >100 mg/dl. Sleep duration was also treated as
both continuous and categorical in five categories of <5, 6,
7, 8 and>9 h. Mean lipid profiles between the sleep catego-
ries were compared by ANOVA. Bivariate association of lipid
profiles with every variable was assessed by linear regression
analysis.

Given the U/J-shaped relationship of sleep with cardio-
metabolic outcomes in literature and the inconsistent associa-
tions between sleep duration and different groups of lipids
mentioned above, a penalized smoothing spline [19] was ap-
plied. Non-linear relationship of sleep with HDL cholesterol,
triglyceride, and LDL cholesterol was assessed through gen-
eralized additive models (GAM). GAM is an extension of
generalized linear model allowing for nonlinear associations
between the predictor variables and the outcomes. Model
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assumptions where assessed by examining the residuals for
normality, residual symmetry, and homoscedasticity [23]. In
the GAM, HDL cholesterol, triglyceride and LDL cholesterol
were treated as outcome variables and their unadjusted/
adjusted association with sleep duration was modeled as a
smooth function. In the adjusted GAM models, age, sex, race,
marital status, household size, sitting time and physical activ-
ity were included. The reported effective degree of freedom
(EDF) value in GAM denotes the amount of non-linearity of
the smooth. EDF =1 is indicative of a linear pattern of asso-
ciation. A value greater than 1 represents a more complex
association between lipid profile and sleep duration. The plots
of estimated smooth functions with 95% confidence bands
were created for both unadjusted and adjusted GAM. A p
value less than 0.05 was considered significant. All statistical
analyses were conducted using R-3.4.3 [23].

Results

The final sample size included 2705 people, with ages 18—
80 years. Their mean (SD) age was 47.8 (18.5) years and 52%
were females. About 50% of participants were married, 51%
had an income more than $45,000/year and 52% had college
education or above. 68.5% of people never felt down, helpless
or hopeless. The mean (SD) duration of sleep was 6.94 (1.40).
Overall, 263, 1120 and 1633 subjects had missing history of
depression, alcohol drinking and smoking, respectively.
Characteristics of study subjects according to lipid profiles
are presented in Table 1.

Mean (SD) HDL cholesterol was 53.9 (16.0) mg/dl and its
minimum/maximum levels were 10/173 mg/dl. About 28%
had low HDL (<50 mg/dl in males and <40 in females).
Subjects with low HDL cholesterol were significantly differ-
ent than those with normal/high HDL cholesterol in terms of
age, sex, ethnicity, education, household size, smoking, de-
pression, systolic blood pressure, fasting blood glucose and
sleep duration (Table 1). Mean (SD) triglyceride level was
124.9 (95.0) mg/dl and its minimum/maximum levels were
20/1000 mg/dl. About 54% had high triglyceride (>150 mg/
dl) level. Subjects with high triglyceride level were signifi-
cantly different than those with normal triglyceride level in
terms of age, sex, ethnicity, education, marital status,
smoking, depression, waist circumference, fasting blood glu-
cose and sleep duration (Table 1). Mean (SD) LDL cholesterol
was 109.9 (35.0) mg/dl and its minimum/maximum levels
were 23/375 mg/dl. About 58% had high LDL cholesterol
(>100 mg/dl). Subjects with high LDL cholesterol were sig-
nificantly different from those with normal LDL level in terms
of age, ethnicity, education, marital status, waist circumfer-
ence, systolic and diastolic blood pressures (Table 1).

Mean HDL cholesterol, triglyceride and LDL cholesterol
across sleep hours are plotted in Fig. 1. The highest mean
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Fig. 1 Plots of sleep duration vs. mean lipid levels
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Fig.2 Plots of estimated smoothing spline function of sleep duration with
95% confidence band for generalized additive model when the response
variable was HDL cholesterol. The upper plot shows the crude smooth
function of sleep duration (EDF =2.58, p value =0.002) whereas the
lower plot represents the adjusted smooth function of sleep duration
(EDF =1.85, p value = 0.005)

HDL cholesterol among all participants was observed in peo-
ple sleeping 8 h per day (Fig. 1). The lowest mean triglyceride
level was found in people sleeping 6 h per day (Fig. 1). The
findings of ANOVA are presented in Table 2. Mean HDL
cholesterol was significantly different among the five sleep
categories. Similarly, mean triglyceride was significantly dif-
ferent among the five sleep categories but there was no signif-
icant difference in mean LDL cholesterol among various sleep
categories (Table 2). Smooth plots of mean HDL cholesterol,
mean triglyceride and mean LDL cholesterol according to
sleep durations are presented in Figs. 2, 3, 4, 5 and 6.

Table 2 Comparison of the mean lipid profiles among five principal sleep categories analyzed by ANOVA. Significant p values are bolded
HDL cholesterol Triglyceride LDL cholesterol
Mean SD P Mean SD P Mean SD P
Sleep Duration <5h,n =356 51.57 14.95 0.003 139.09 118.96 0.04 113.11 40.11 0.2
6 h,n =650 52.87 15.77 120.75 99.26 108.17 33.62
7 h,n =738 54.55 16.67 121.54 89.06 111.37 34.55
8 h,n =729 55.15 16.40 124.38 87.87 108.96 33.99
>9 h,n =232 53.96 14.70 127.36 7222 108.55 35.14
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Fig. 3 Interaction of Sex and sleep duration in unadjusted GAM. EDF =
2.75 in female model (upper plot), EDF = 1.1 in male model (lower plot),
p value = 0.02 for both models)

Table 3 presents the summary of univariate association
of HDL cholesterol with other independent variables eval-
uated by linear regression models. All variables showed
significant association with HDL cholesterol except the
amount of sitting. Table 3 also presents generalized addi-
tive model which includes the smoothing output for sleep
duration in association with HDL cholesterol adjusted for
all shown independent variables. The basic residual plots
checked for the final model indicated good compliance
with model assumptions. Plots of estimated smooth asso-
ciation of sleep duration with 95% confidence band when
the response variable was HDL cholesterol is shown in
Fig. 2. EDF for sleep duration function in unadjusted
GAM was 2.58 (P=0.002) which reduced to 1.85 after
adjustments (P =0.005) indicating a significant non-linear
fit between sleep duration and HDL cholesterol (Fig. 2).
Evaluation of interaction of sex and sleep duration by
using GAM showed two different smoothing patterns in
males and females in unadjusted GAM model but they
were both significant. In adjusted GAM model, the pat-
terns were also different, but they lost their significance
(Figs. 3 and 4).

Table 4 presents the summary of univariate association
of triglyceride with other independent variables evaluated

70
L
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Fig. 4 Interaction of Sex and sleep duration in adjusted GAM. EDF =
1.89 in female model (upper plot), p value=0.06; EDF=1.01 in male
model (lower plot), p value=0.08

by linear regression models. Age, sex, race and marital
status showed significant association with triglyceride.
Table 4 also presents generalized additive model which
include the smoothing output for sleep duration in associ-
ation with triglyceride adjusted for all shown independent
variables. The basic residual plots checked for the final
model indicated good compliance with model assump-
tions. Plots of the estimated smooth association of sleep
duration with 95% confidence band when the response
variable was triglyceride is shown in Fig. 5. EDF for sleep
duration function in unadjusted GAM was 3.05 (P =0.02)
which reduced to 1.78 after adjustments (P =0.02) indi-
cating a significant non-linear fit between sleep duration
and triglyceride (Fig. 5). Evaluation of interaction of sex
and sleep duration by using GAM showed significant
smooth association in males and non-significant smooth
association in females. The same interaction was observed
in adjusted GAM model.

Table 5 presents the summary of univariate association of
LDL with other independent variables evaluated by linear
regression models. Age, race and marital status showed sig-
nificant association with LDL. Table 5 also presents general-
ized additive model which include the smoothing output for
sleep duration in association with LDL adjusted for all shown

@ Springer
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Fig.5 Plots of estimated smoothing spline function of sleep duration with
95% confidence band for generalized additive model when the response
variable was Triglyceride. The upper plot shows the crude smooth
function of sleep duration (EDF =3.05, p value =0.02) whereas the
lower plot represents the adjusted smooth function of sleep duration
(EDF =1.78, p value =0.02)

independent variables. The basic residual plots checked for
the final model indicated good compliance with model as-
sumptions. Plots of estimated smoothing spline function of
sleep duration with 95% confidence band for generalized ad-
ditive model when the response variable was LDL cholesterol
is shown in Fig. 6. EDF for sleep duration function in unad-
justed GAM was 1.01 (P =0.2) and remained the same after
adjustments (Fig. 6) indicating a non-significant smooth asso-
ciation between sleep duration and LDL. Interaction of sex
and sleep duration was significant neither in unadjusted
GAM model nor in adjusted one.

Discussion

Very few studies have evaluated the association of sleep du-
ration and other outcomes in NHANES. Our study evaluated
the cross-sectional association of sleep and HDL cholesterol/
triglyceride/LDL cholesterol through GAM. In HDL
cholesterol/triglyceride models, EDF was greater than 2 indi-
cating the smooth (curved) association of sleep and HDL cho-
lesterol/triglyceride. This means assuming linearity for the
association of sleep duration with HDL cholesterol/

@ Springer

Sleep Duration (Hours)

Fig.6 Plots of estimated smoothing spline function of sleep duration with
95% confidence band for generalized additive model when the response
variable was LDL. The upper plot shows the crude smooth function of
sleep duration (EDF =1.01, p value=0.2) whereas the lower plot
represents the adjusted smooth function of sleep duration (EDF=1.01,
p value =0.8)

triglyceride is not appropriate. Both models roughly indicated
that short sleep was significantly associated non-linearly with
low HDL cholesterol/high triglyceride in NHANES
2013/2014. The highest HDL was observed in people sleeping
8 h per day and the lowest triglyceride was observed in people
sleeping 6 h per day. It is now possible through the final
models to predict the HDL cholesterol/triglyceride in
NHANES population having age, sex, race, marital status,
household size, sitting and physical activity information and
sleep duration. Sleep duration showed no association with
LDL cholesterol in GAM.

The strength of the current study was the application of
GAM in finding the nonlinear association of sleep and HDL
cholesterol/triglyceride. Studies conducted on assessment of
sleep and lipid profiles so far, have mainly employed sleep
categories to estimate the association of sleep duration and
HDL cholesterol/triglyceride/LDL cholesterol through linear/
logistic regression which might bear some residual confound-
ing [7]. When there is a non-linear association between the
outcome, such as HDL cholesterol/triglyceride, and the inde-
pendent variable, such as sleep duration, application of linear
modelling to portray their relationship will lead to residual
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Table 3  Univariate (crude) and adjusted associations of HDL choles-
terol and independent variables measured by linear regression models and
generalized additive model, respectively

Table 5 Univariate (crude) and adjusted associations of LDL and inde-
pendent variables measured by linear regression models and generalized
additive model, respectively

Outcome: HDL cholesterol

Crude Association  Adjusted Association (GAM)

Outcome: LDL

Crude Association  Adjusted Association (GAM)

B P value B P value 8] Pvalue B P value

Age 0.08 0.0001 0.11 0.0001 Age 0.17 0.0001 0.21 0.0005
Sex Sex
Male Reference Group Reference Group
Female 9.91 0.0001 11.48 0.0001 Male Reference Group Reference Group
Race Female 0.56 0.7 1.03 0.50
Hispanic Reference Group Reference Group Race
White 127 ol 1.04 02 -
Black 457 0.0001 5.11 0.0001 Hispanic Reference Group Reference Group
Asian 3.05 0.005 2.66 0.03 White —4.05 0.02 —4.14 0.05
Multiracial 0.9 06 1.74 0.5 Black —483  0.02 240 035
Marital Status .
Married Reference Group Reference Group Asian —296 020 —4.40 0.10
Widowed 4.72 0.0001 0.54 0.7 Multiracial -942  0.04 -7.10 0.20
Divorced or 1.64 0.09 —0.58 0.6 Marital Status
Separated
Never married 1.46 0.09 2.15 0.03 Married Reference Group Reference Group
Household Size -0.97 0.0001 -0.77 0.0009 Widowed —7.38 0.005 —8.47 0.03
Sitting -1.92 0.09 —2.48 0.05 .
Physical Activity 148  0.03 1.73 0.02 ]S)‘V"rct“:ior 062 08 064 0-80
Sleep 0.70 0.001 Smooth Curve 0.005 cparate

Never married -9.08  0.0001 —7.47 0.002

Household Size ~ 0.06 0.90 0.03 0.95
confounding and possible imprecise picture of the association  Sitting -0.07 097 3.57 0.25
[5, 6, 18]. Similarly, employing dummy variables on catego-  Physical Activity 1.90 0.20 5.12 0.002
ries for adjusting the risk might lead to residual confounding  Sleep -0.67 0.15 Smooth Curve 0.8

Table4  Univariate (crude) and adjusted associations of triglyceride and
independent variables measured by linear regression models and gener-
alized additive model, respectively

Outcome: Triglyceride

Crude Association  Adjusted Association (GAM)

B Pvalue f P value
Age 0.44 0.0001 0.30 0.049
Sex
Male Reference Group Reference Group
Female —19.36 0.0001 —24.14 0.0001
Race
Hispanic Reference Group Reference Group
White -1.50 0.75 —4.08 0.45
Black —41.66  0.0001 —43.18 0.0001
Asian -12.61 0.05 —15.09 0.04
Multiracial -1346  0.30 —13.96 0.30
Marital Status
Married Reference Group Reference Group
Widowed —6.13 0.40 —4.16 0.65
Divorced or 10.93 0.05 16.50 0.01
Separated
Never married —16.06 0.002 —4 0.50
Household Size ~ —0.20 0.85 1.67 0.24
Sitting 12 0.08 17.32 0.03
Physical Activity —4.97 0.20 —4.74 0.30
Sleep -2.16 0.09 Smooth Curve 0.02

[3, 8]. Moreover, some studies have shown the improvement
of risk adjustment by GAM compared to linear models or
categorization of linear terms [4, 14].

Given the significant change of sleep pattern nowadays,
lack of enough sleep in more than half of the population of
the US and the high prevalence of cardiovascular diseases,
finding a significant association between sleep duration and
HDL cholesterol/triglyceride may highlight sleep as an impor-
tant risk factor for these diseases.

The current study had some limitations. The cross-
sectional design cannot infer a causal relationship be-
tween sleep duration and HDL cholesterol/triglyceride.
In addition, sleep qualities such as regularity/irregularity
of sleep-wake schedules, difficulty initiating or maintain-
ing sleep and excessive daytime sleepiness that are affect-
ing health outcomes [13] were not assessed in NHANES
dataset. Moreover, recall bias and seasonal variations in
sleep could be the source of information bias. Due to the
nature of study design, we didn’t seek the relationship of
lipid lowering medications and sleep duration which
needs proper follow-up studies.

Longitudinal studies are needed to improve the reliability
and generalizability of our study findings.
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