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T

HE PROCESS OF ATHEROSCLERO-

sis begins during childhood
and is associated with adverse
serum lipid concentrations including high concentrations of lowdensity lipoprotein cholesterol (LDLC), non–high-density lipoprotein
cholesterol (non–HDL-C), and triglycerides, and low concentrations of highdensity lipoprotein cholesterol
(HDL-C).1-5 Serum lipid concentrations in childhood are associated with
serum lipid concentrations in adulthood.6,7
To prevent coronary heart disease,
primary prevention efforts for more
than 20 years have included both individual strategies for identification and
treatment of individuals at high risk and
population-based strategies intended to
improve mean serum lipid concentrations.8-12 Components of populationbased prevention strategies have included promotion of healthy diet
including low saturated fat intake, appropriate physical activity, and abstinence from tobacco use.
The purpose of this study is to examine the trends in serum lipid concentrations among children (aged 6-11
For editorial comment see p 621.
Author Video Interview available at
www.jama.com.

Context For more than 20 years, primary prevention of coronary heart disease has
included strategies intended to improve overall serum lipid concentrations among youths.
Objective To examine trends in lipid concentrations among youths from 19881994 through 2007-2010.
Design, Setting, and Participants Cross-sectional analysis of serum lipid concentrations among 16 116 youths aged 6 to 19 years who participated in the nationally representative National Health and Nutrition Examination Survey during 3 time
periods: 1988-1994, 1999-2002, and 2007-2010.
Main Outcome Measures Among all youths, mean serum total cholesterol (TC),
non–high-density lipoprotein cholesterol (non–HDL-C), high-density lipoprotein cholesterol (HDL-C); and among adolescents only, low-density lipoprotein cholesterol (LDL-C)
and geometric mean triglyceride levels. Trends in adverse lipid concentrations are reported for TC levels of 200 mg/dL and greater, non–HDL-C levels of 145 mg/dL and
greater, HDL-C levels of less than 40 mg/dL, LDL-C levels of 130 mg/dL and greater,
and triglyceride levels of 130 mg/dL and greater.
Results Among youths aged 6 to 19 years between 1988-1994 and 2007-2010, there
was a decrease in mean TC (from 165 mg/dL [95% CI, 164-167] to 160 mg/dL [95%
CI, 158-161]; P⬍.001) and a decrease in the prevalence of elevated TC (from 11.3%
[95% CI, 9.8%-12.7%] to 8.1% [95% CI, 6.7%-9.5%]; P=.002). Mean HDL-C significantly increased between 1988-1994 and 2007-2010, but the prevalence of low
HDL-C did not change. Mean non–HDL-C and prevalence of elevated non–HDL-C
both significantly decreased over the study period. In 2007-2010, 22% (95% CI, 20.3%23.6%) of youths had either a low HDL-C level or high non–HDL-C, which was lower
than the 27.2% (95% CI, 24.6%-29.7%) in 1988-1994 (P=.001). Among adolescents (aged 12-19 years) between 1988-1994 and 2007-2010, there was a decrease
in mean LDL-C (from 95 mg/dL [95% CI, 92-98] to 90 mg/dL [95% CI, 88-91]; P=.003)
and a decrease in geometric mean triglycerides (from 82 mg/dL [95% CI, 78-86] to
73 mg/dL [95% CI, 70-76]; P⬍.001). Prevalence of elevated LDL-C and triglycerides
between 1988-1994 and 2007-2010 also significantly decreased.
Conclusions Between 1988-1994 and 2007-2010, a favorable trend in serum lipid
concentrations was observed among youths in the United States but almost 1 in 10
had elevated TC in 2007-2010.
JAMA. 2012;308(6):591-600

years) and adolescents (aged 12-19
years) using data from the National
Health and Nutrition Examination Surveys (NHANES) from 3 time periods
(1988-1994, 1999-2002, and 20072010). Race- and ethnicity-specific
trends in serum lipid concentrations
and trends among youths with obesity
are also examined.
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TRENDS IN SERUM LIPIDS AMONG US YOUTHS

METHODS
Study Design

NHANES includes nationally representative, complex, multistage, probability samples of the US civilian, noninstitutionalized population conducted by
the National Center for Health Statistics (NCHS) of the Centers for Disease
Control and Prevention (CDC). Participants in NHANES receive a detailed in-person home interview followed by physical assessments,
including laboratory measures at a mobile examination center.13,14 All children between 6 and 19 years in the examination component of the NHANES
surveys between 1988-1994 and 20072010 were eligible for inclusion. As part
of the laboratory evaluation, serum total
cholesterol (TC) and HDL-C levels were
measured in participants aged 6 years
and older and fasting (between 8.5 and
23 hours) triglycerides were measured in participants aged 12 years and
older.
Written informed consent was obtained from participants aged 12 years
and older and written child assent was
obtained from those aged 7 to11 years.
Written parental consent was obtained for all participants younger than
18 years. The survey was approved by
the NCHS ethics review board. The unweighted examination response rate for
youths aged 6 to 19 years ranged from
83% to 86% for NHANES 1988-1994
through 2007-2010.15
Survey Years

Data from NHANES III (1988-1994)
and 4 additional NHANES data cycles
were included in the analysis including 1999-2000, 2001-2002, 20072008, and 2009-2010. To increase
sample size and statistical reliability of
estimates, multiple data releases were
combined. The final categorization of
survey years for this analysis was 19881994, 1999-2002, and 2007-2010. Data
from 2003-2004 and 2005-2006 were
not included in this analysis to allow
for approximately equal intervals between the midpoints of the survey periods and because changes in laboratory methods during this time period
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most likely had positive biased HDL-C
values.16
Demographic Variables

Age was categorized as 6 to 8, 9 to 11,
12 to 15, and 16 to 19 years. In some
stratified analyses, because of smaller
sample sizes, age was categorized more
broadly as 6 to 11 years (children) and
12 to 19 (adolescent) years. Participants, or a family member for children younger than 16 years, reported
their race and ethnicity after being
shown a list that included an openended response. Race/ethnicity was categorized as non-Hispanic white, nonHispanic black, Mexican American, and
other, including multiracial. In all survey years, non-Hispanic black participants were oversampled and in all years
except 2007-2010, Mexican American
participants were oversampled. Beginning in 2007-2008, all Hispanic participants, not only those who were
Mexican American, were oversampled.
However, Mexican American participants had sufficient sample size to follow trends in health outcomes.17 The
race/ethnicity group indicated as
“other” is included in overall estimates but results for this group are not
separately reported.
Obesity Status

Body mass index (BMI) was calculated as weight in kilograms divided by
height in meters squared and rounded
to the tenth decimal place. Underweight, normal weight, overweight, and
obese categories were defined as 0 to
4, 5 to 84, 85 to 94, and 95 or greater
BMI percentile, respectively, on the
2000 CDC growth charts.18 Because
obesity prevalence increased over the
study period but overweight prevalence was unchanged,19,20 trends in serum lipid concentrations among obese
youths are reported.
Laboratory Methods

Venous samples were collected from
participants, stored frozen, and shipped
to a laboratory according to a standardized protocol.16,21,22 Across survey periods, there have been changes in the

laboratories, methods, and analyzers
used to measure lipid concentrations
from serum. Specific details of lipid
laboratory methods for NHANES 19881994 and NHANES 1999-2002 have
been described.23 In 2007-2010, similar to previous surveys, TC and triglycerides were measured using coupled enzymatic reactions.24,25 In 2007-2010,
HDL-C was measured using the direct
immunoassay method,26 whereas in
1988-1994 and 1999-2002, HDL-C was
measured primarily using the heparin
manganese precipitation method. 27
LDL-C was calculated for participants
with a serum triglyceride concentration of less than or equal to 400 mg/dL
according to the Friedewald equation. 28 Non–HDL-C was calculated
as TC minus HDL-C. In 2007-2010,
TC, HDL-C, and triglycerides were
analyzed using the Roche/Hitachi
Modular P chemistry analyzer (Roche
Diagnostics).
Despite changes in laboratory methods during all survey years, standardization of serum lipid measurements
was performed according to the criteria of the CDC’s lipid standardization
program, which ensures measurements are accurate and comparable
across studies.29 Intralaboratory quality control and proficiency testing were
performed by the laboratories and met
the acceptable performance of allowable bias and imprecision of the lipid
standardization program.29 The criteria for bias and imprecision differ for
each serum lipid measurement and are
dependent on the range of the serum
lipid concentrations. For example, a
maximum bias of 3% and imprecision
of 3% is acceptable for serum TC greater
than 149.9 mg/dL, a maximum bias of
5% and imprecision of 4% is acceptable for serum HDL-C greater than or
equal to 40 mg/dL, and a maximum bias
of 5% and imprecision of 5% is acceptable for serum triglyceride greater than
220 mg/dL.
To convert to SI values (mmol/L) for
HDL-C, LDL-C, non−HDL-C, or TC,
multiply by 0.0259; and to convert triglyceride values to mmol/L, multiply by
0.0113.
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Definitions for Adverse Lipid
Concentrations

ment for youths in select age groups,
including youths aged 9 to 11 years with
these lipid abnormalities.

Adverse lipid concentrations were defined according to the 2011 Expert
Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents as follows: TC of 200 mg/dL or greater,
HDL-C of less than 40 mg/dL, non–
HDL-C of 145 mg/dL or greater, LDL-C
of 130 mg/dL or greater, and triglyceride concentration of 130 mg/dL or
greater. 12 Prevalence of either low
HDL-C or high non–HDL-C is also presented because the expert panel recommends specific clinical manage-

Statistical Methods

Means and standard errors of the
mean are presented for TC, HDL-C,
non–HDL-C, and LDL-C. Geometric
means and standard errors of geometric means are presented for
serum triglyceride concentrations
because the distribution of triglycerides is skewed. Sex- and age-specific
mean lipids are presented because of
differences by sex in lipid concentrations with maturation.30 Prevalence

of adverse lipid concentrations are
also presented. Sample weights,
which account for differential probabilities of selection, nonresponse,
and noncoverage were used for all
analyses. Estimates for triglyceride
and LDL-C concentrations are based
on fasting serum specimens. Therefore, for those analyses, fasting
sample weights were used; otherwise
examination sample weights were
used. Standard errors were estimated
using Taylor series linearization, a
method that incorporates the sample
weights and accounts for the complex sample design. 3 1 Statistical

Table 1. Mean Serum Total Cholesterol and HDL-C Over Time by Sex, Age, and Race/Ethnicity Among US Children and Adolescents, Aged 6
to 19 Years, 1988-2010 a

1988-1994
165 (164-167)
163 (161-165)

1999-2002
165 (163-166)
163 (160-165)

P
Value
for
2007-2010 Trend b
160 (158-161) ⬍.001
159 (157-160)
.002

166 (163-170)
173 (169-176)
158 (155-161)
158 (155-162)

162 (159-165)
168 (164-171)
162 (157-167)
160 (157-163)

161 (157-164)
.02
164 (161-167) ⬍.001
153 (150-157)
.06
159 (155-163)
.80

52.7 (51.4-54.0)
54 (52.7-55.3)
48.2 (46.7-49.6)
46.1 (44.3-47.8)

51.9 (50.5-53.4)
51.4 (49.7-53.1)
47.8 (47-48.6)
45.1 (44.1-46.0)

55.8 (54.5-57.2) ⬍.001
54.4 (53.3-55.5)
.67
51.2 (50.0-52.3)
.001
47.3 (46.0-48.5)
.26

169 (165-172)
172 (169-175)
168 (165-170)

162 (160-165)
172 (167-176)
163 (159-167)

161 (157-164)
.001
165 (159-171)
.04
160 (157-163) ⬍.001

52.2 (50.9-53.5)
59.4 (57.8-61.1)
53.8 (52.2-55.3)

50.2 (48.7-51.7)
57.8 (55.8-59.8)
52.2 (50.5-53.9)

53.9 (52.5-55.2)
59.9 (57.9-61.9)
53.5 (51.6-55.3)

.07
.71
.82

157 (153-160)
166 (163-169)
161 (158-165)
167 (166-169)

161 (157-166)
162 (160-165)
160 (158-163)
167 (165-169)

157 (153-161)
.93
154 (150-158) ⬍.001
158 (154-162)
.18
161 (159-163) ⬍.001

45.4 (44.1-46.6)
52.8 (51.7-53.9)
48.1 (46.9-49.3)
51.3 (50.5-52.1)

45.3 (44.6-46.1)
51.7 (50.3-53.1)
46.9 (45.9-47.9)
50.9 (50.2-51.5)

48.4 (47.2-49.6)
53.9 (51.9-55.9)
47.5 (46.2-48.8)
52.9 (52.2-53.7)

.001
.35
.48
.004

166 (163-169)
169 (166-172)
164 (160-168)
171 (166-176)

170 (166-174)
168 (164-171)
162 (160-164)
169 (165-173)

161 (159-164)
162 (158-166)
157 (154-160)
163 (160-167)

.008
.005
.007
.009

50.5 (48.7-52.3)
50.6 (49.2-51.9)
51.2 (49.5-52.9)
52.5 (51.1-53.8)

50.8 (49.3-52.3)
50.5 (48.8-52.2)
50.2 (49.4-51.1)
51.7 (50.7-52.7)

52.3 (50.7-53.8)
51.6 (50.1-53.1)
52.4 (51.0-53.8)
54.7 (53.6-55.9)

.13
.31
.25
.01

167 (164-171)
173 (170-177)
165 (162-168)

170 (167-174)
173 (167-179)
162 (159-164)

162 (157-166)
.04
158 (154-162) ⬍.001
161 (157-165)
.10

49.0 (47.1-50.8)
56.4 (55-57.9)
51.0 (49.4-52.7)

49.6 (47.9-51.3)
53.9 (52-55.9)
50.2 (48.6-51.8)

51.4 (49.6-53.3)
55.3 (53.3-57.3)
50.5 (48.6-52.4)

.05
.34
.64

166 (163-170)
170 (167-173)
166 (162-170)

166 (163-170)
167 (165-169)
164 (162-166)

161 (157-165)
.05
161 (157-164) ⬍.001
158 (155-161)
.003

50.6 (49.3-51.8)
55.5 (54.2-56.8)
52.8 (51.4-54.3)

50.6 (49.5-51.6)
53.8 (52.6-55.0)
50.8 (49.8-51.7)

52.9 (51.4-54.5)
55.4 (53.6-57.2)
53.3 (52.1-54.5)

.02
.88
.61

TC, Mean (95% CI), mg/dL

Both sexes
Males
Age, y
6-8
9-11
12-15
16-19
Race/ethnicity, by age, y
6-11
Non-Hispanic white
Non-Hispanic black
Mexican American
12-19
Non-Hispanic white
Non-Hispanic black
Mexican American
Females
Age, y
6-8
9-11
12-15
16-19
Race/ethnicity, by age, y
6-11
Non-Hispanic white
Non-Hispanic black
Mexican American
12-19
Non-Hispanic white
Non-Hispanic black
Mexican American

1988-1994
50.5 (49.8-51.3)
49.8 (48.9-50.7)

1999-2002
49.7 (49.3-50.2)
48.6 (48.0-49.3)

P
Value
for
2007-2010
Trend b
52.2 (51.6-52.8) ⬍.001
51.5 (50.9-52.2)
.002

HDL-C, Mean (95% CI), mg/dL

Abbreviations: HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol.
SI conversions: to convert HDL-C or TC to mmol/L, multiply by 0.0259.
a Data are from National Health and Nutrition Examination Surveys.13,14,17
b P value for linear trend between 1988-1994 and 2007-2010.
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hypotheses were tested using the t
statistic at ␣ = .05 level based on a
2-sided test, and there was no adjustment for multiple comparisons.
To test for linear trends over the 3
surveys, the null hypothesis of no linear trend was examined using orthogonal contrast matrices.32 Rejection of this
hypothesis implied the existence of a
linear trend. Sex-specific multiple linear regression models examined trends
in serum lipid concentrations while adjusting for age and race/ethnicity. Ageadjusted analyses were also conducted separately for each racial/
ethnic group. Survey period was treated

as a categorical variable and age, in
years, was analyzed as a continuous
variable. In a sensitivity analysis using
age grouped as a categorical variable,
the results were similar to those
reported with age as a continuous
variable. Differences in triglyceride concentrations were tested on the logtransformed scale. Beta coefficients and
their 95% CIs, derived from the multiple linear regression models, are
presented.
All statistical analyses were performed using SAS software version 9.2
(SAS Institute Inc,) and SUDAAN software version 10.0 (RTI).

Table 2. Mean Serum Non–HDL-C Over Time by Sex, Age, and Race/Ethnicity Among US
Children and Adolescents, Aged 6 to 19 Years, 1988-2010 a

1988-1994
115 (113-116)
113 (111-115)

1999-2002
115 (113-117)
114 (112-116)

2007-2010
107 (106-109)
107 (105-109)

P
Value
for
Trend b
⬍.001
⬍.001

114 (110-117)
118 (115-122)
110 (106-113)
112 (108-116)

110 (107-113)
116 (113-119)
114 (110-119)
115 (112-118)

105 (101-108)
109 (107-112)
102 (99-106)
112 (108-116)

⬍.001
⬍.001
.003
.84

117 (113-120)
112 (110-115)
114 (111-117)

112 (109-115)
114 (110-118)
111 (108-114)

107 (104-110)
105 (101-110)
106 (103-110)

⬍.001
.006
.001

111 (108-115)
113 (110-116)
113 (109-117)
116 (114-118)

116 (112-120)
111 (108-113)
114 (110-117)
116 (114-118)

108 (104-113)
100 (96-105)
110 (106-114)
108 (106-110)

.29
⬍.001
.30
⬍.001

116 (112-119)
118 (115-122)
113 (109-117)

119 (115-123)
117 (113-121)
112 (109-114)

109 (106-112)
110 (106-114)
105 (102-108)

.003
.002
.003

118 (113-124)

117 (114-121)

109 (106-111)

⬍.001

118 (115-122)
117 (114-120)
114 (111-117)

121 (117-124)
119 (114-125)
111 (110-113)

110 (105-115)
103 (99-106)
110 (105-115)

.005
⬍.001
.22

116 (112-120)
115 (111-118)
113 (109-117)

116 (112-120)
113 (112-115)
113 (111-115)

108 (104-112)
105 (101-109)
105 (101-108)

.007
⬍.001
.003

Non–HDL-C, Mean (95% CI), mg/dL

Both sexes
Males
Age, y
6-8
9-11
12-15
16-19
Race/ethnicity, by age, y
6-11
Non-Hispanic white
Non-Hispanic black
Mexican American
12-19
Non-Hispanic white
Non-Hispanic black
Mexican American
Females
Age, y
6-8
9-11
12-15
16-19
Race/ethnicity, by age, y
6-11
Non-Hispanic white
Non-Hispanic black
Mexican American
12-19
Non-Hispanic white
Non-Hispanic black
Mexican American

Abbreviation: non–HDL-C, non–high-density lipoprotein cholesterol.
SI conversion: to convert non–HDL-C to mmol/L, multiply by 0.0259.
a Non–HDL-C equals serum total cholesterol minus HDL cholesterol. Data are from National Health and Nutrition Examination Surveys.13,14,17
b P Value for linear trend between 1988-1994 and 2007-2010.

594

JAMA, August 8, 2012—Vol 308, No. 6

Downloaded From: https://jamanetwork.com/ on 07/03/2022

Missing Data

Approximately 11%, 12%, and 15% of
youths in NHANES 1988-1994, 19992002, and 2007-2010 were missing data
for TC or HDL-C, respectively. Younger
children were missing laboratory data
more frequently than older children. To
assess for possible nonresponse bias as
a result of missing data, age-specific
analyses were conducted to compare
youths with and without missing TC
values. There were few differences between youths with and without missing cholesterol values in sociodemographic factors (sex, race/ethnicity, and
income), dietary factors (total caloric
and percent saturated fat intake although dietary data for 2009-2010 were
not available), and body measures
(mean BMI and waist circumference).
An exception is a lower amount of missing data among Mexican American
participants.
To further evaluate the effects of
missing data, the sample weights
were adjusted for item nonresponse
using the PROC WTADJUST procedure in SUDAAN. 33 Estimates and
conclusions based on these adjusted
weights and the publicly available
sample weights were similar. Therefore, all reported estimates are based
on the publicly available sample
weights.
RESULTS
Analytic Sample

The numbers of eligible youths were
6497 for NHANES III, 6995 for
NHANES 1999-2002, and 4957 for
NHANES 2007-2010. Individuals with
missing TC or HDL-C were excluded
(738 for NHANES III, 843 for NHANES
1999-2002, and 752 for NHANES 20072010). Few adolescents eligible for fasting triglyceride screening were missing values (54 for NHANES III, 31 for
NHANES 1999-2002, and 7 for
NHANES 2007-2010). Sample sizes are
presented in eTable 1 available at
http://www.jama.com.
Generally, the distribution of the
sample by sex and age were similar
across the 3 surveys, however, compared with 1988-1994, the percent of

©2012 American Medical Association. All rights reserved.
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HDL-C from 50.5 mg/dL (95% CI,
49.8-51.3) to 52.2 mg/dL (95% CI,
51.6-52.8) (P ⬍ .001 for each trend)
(TABLE 1). Mean serum non–HDL-C
decreased from 115 mg/dL (95% CI,
113-116) in 1988-1884 to 107 mg/dL
(95% CI, 106-109) in 2007-2010
(P ⬍ .001) (TABLE 2). Generally, the
sex-, age-, and race/ethnicity-specific
trends for TC, HDL-C, and non–
HDL-C were similar in direction to the
overall trends and consistent with a
favorable trend, although for each
group, the magnitude was not the
same and the trend was not always
significant. Exceptions to a favorable
trend include males aged 16 to 19
years and 12- to 19-year-old males
who were non-Hispanic white for TC;
6- to 11-year-old males and females
who were Mexican American and
females who were non-Hispanic black
for HDL-C; and males aged 16 to 19
years for non–HDL-C.
Among adolescents (aged 12-19
years), between 1988-1994 and 20072010, there was a decrease in mean
serum LDL-C from 95 mg/dL (95% CI,
92-98) to 90 mg/dL (95% CI, 88-91)

Mexican American youths was higher
and non-Hispanic white youths was
lower in 2007-2010, a shift seen in the
US population during this time period. Further, consistent with previous reports, among youths aged 6 to 19
years, the prevalence of obesity was
higher in the later surveys compared
with 1988-1994.19,20 The number of
obese fasting adolescents was relatively small compared with the sample
sizes for other groups (for NHANES III:
161 overall, 72 males, 89 females; 19992002: 345 overall, 187 males, 158 females; and 2007-2010: 185 overall, 106
males, 79 females). There are 11 degrees of freedom among fasting adolescent males who were obese in
NHANES III, which limits power to detect statistical trends.
Trends in Serum Lipids
Among Youths

Among youths aged 6 to 19 years
between 1988-1994 and 2007-2010,
there was a decrease in mean serum
TC from 165 mg/dL (95% CI, 164167) to 160 mg/dL (95% CI, 158-161)
and an increase in mean serum

(P=.003) and geometric mean serum
triglycerides from 82 mg/dL (95% CI,
78-86) to 73 mg/dL (95% CI, 70-76)
(P ⬍ .001) (TABLE 3). Generally, the
sex-, age-, and race/ethnicity-specific
trends for LDL-C and triglycerides were
similar in direction to the overall trends
and consistent with a favorable decreasing trend, although for each group, the
magnitude was not the same and the
trend was not always significant. Among
males who were Mexican American,
serum triglyceride concentration across
the 3 surveys was unchanged.
Adjusted Trends in Serum Lipids

Age- and race/ethnicity-adjusted TC
was 4.3 mg/dL lower for males and
6.5 mg/dL lower for females in 20072010 than in 1988-1994 (males,
␤ = −4.3; 95% CI, −7.1 to −1.5, and
females, ␤ = −6.5; 95% CI, −9.1 to
−3.8) (TABLE 4). Males and females
who were non-Hispanic black or
Mexican American, and also females
who were non-Hispanic white had a
lower age-adjusted TC in 2007-2010
than in 1988-1994. Although the difference in age-adjusted TC between

Table 3. Mean Serum LDL-C and Geometric Mean Triglycerides Over Time by Sex, Age, and Race/Ethnicity Among US Adolescents, Aged 12
to 19 Years, 1988-2010 a

1998-1994
95 (92-98)
91 (87-95)

1999-2002
95 (93-97)
96 (92-99)

2007-2010
90 (88-91)
89 (85-92)

P
Value
for
Trend b
.003
.39

88 (83-93)
94 (86-101)

96 (89-103)
95 (91-100)

86 (81-90)
91 (86-96)

.52
.62

76 (66-85)
82 (72-93)

81 (75-87)
83 (78-88)

69 (64-74)
81 (75-88)

.20
.84

91 (84-98)
99 (94-104)
93 (89-98)

96 (91-101)
96 (93-99)
93 (89-97)

90 (85-96)
86 (79-93)
91 (85-96)

.91
.001
.41

82 (72-93)
64 (60-69)
83 (76-89)

85 (79-92)
65 (60-70)
83 (78-88)

79 (73-86)
59 (54-63)
83 (73-94)

.60
.06
.87

99 (94-104)

95 (92-97)

90 (88-93)

.001

85 (79-91)

81 (76-85)

71 (66-76)

.001

94 (88-100)
103 (95-112)

92 (89-95)
97 (93-101)

88 (85-91)
92 (88-97)

.07
.03

85 (77-93)
84 (76-93)

80 (75-85)
81 (76-87)

67 (61-74)
75 (70-81)

.001
.07

100 (93-107)
102 (98-106)
92 (85-98)

94 (89-98)
98 (95-102)
93 (90-96)

91 (88-94)
92 (87-97)
87 (84-91)

.02
.001
.20

87 (79-95)
66 (61-71)
88 (81-95)

84 (79-90)
65 (59-70)
85 (81-89)

74 (66-82)
55 (50-60)
74 (68-79)

.02
.001
.001

LDL-C, Mean (95% CI), mg/dL

Both sexes
Males
Age, y
12-15
16-19
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Mexican American
Females
Age, y
12-15
16-19
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Mexican American

Triglycerides, Geometric Mean
(95% CI), mg/dL
1998-1994
82 (78-86)
79 (73-85)

1999-2002
81 (79-84)
82 (78-86)

2007-2010
73 (70-76)
75 (70-80)

P
Value
for
Trend b
⬍.001
.26

Abbreviation: LDL-C, low-density lipoprotein cholesterol.
SI conversions: to convert LDL-C to mmol/L, multiply by 0.0259; and to convert triglycerides to mmol/L, multiply by 0.0113.
a LDL-C is calculated by the Friedewald equation (LDL=serum total cholesterol−HDL−serum triglyceride/5). This equation is valid only if serum triglycerides are 400 mg/dL or less. Data
are from National Health and Nutrition Examination Surveys.13,14,17
b P Value for linear trend between 1988-1994 and 2007-2010.
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1988-1994 and 2007-2010 for males
who were non-Hispanic white was
not significant, the direction of association for the ␤ coefficient was similar to that for males overall.
Age- and race/ethnicity- adjusted
HDL-C was higher for males and females in 2007-2010 than in 19881994. Among males and females who
were non-Hispanic black or Mexican
American, there was no significant increase in age-adjusted HDL-C, although there was an increase among
those who were non-Hispanic white. In
2007-2010, compared with 1988-

1994, age-adjusted non–HDL-C was
lower for males and females and also
for each race/ethnic group.
Among adolescent males, neither
age- and race/ethnicity–adjusted LDL-C
nor log-transformed triglyceride concentrations differed between 19881994 and 2007-2010. However, among
males who were non-Hispanic black,
there was a decrease in age-adjusted
LDL-C and triglyceride concentrations in 2007-2010 compared with
1988-1994, a finding not observed
among males who were non-Hispanic
white or Mexican American. Among

adolescent females, age- and race/
ethnicity–adjusted LDL-C and logtransformed triglycerides were lower in
2007-2010 than in 1988-1994. Ageadjusted LDL-C and log-transformed
triglycerides were lower in 2007-2010
than in 1988-1994 for adolescent females who were non-Hispanic white or
black. Among adolescent females who
were Mexican American, age-adjusted
log-transformed triglycerides were
lower in 2007-2010 than in 19881994, but age-adjusted LDL-C between the periods were not significantly different.

Table 4. Linear Regression Analyses of Serum Lipid Concentrations Among US Children and Adolescents Aged 6 to 19 Years, 1988-2010 a
␤ Coefficient, (95% CI), mg/dL
TC
Males
Total e
1988-1994
1999-2002

2007-2010

Non-Hispanic white f
1988-1994
1999-2002

2007-2010

Non-Hispanic black f
1988-1994
1999-2002

2007-2010

Mexican American f
1988-1994
1999-2002

2007-2010

HDL-C
Females

Males

Females

Non–HDL-C b
Males

Females

LDL-C c,d
Males

Females

Log Triglycerides d
Males

Females

0
0
0
0
0
0
0
0
0
0
[Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference]
−0.4
−0.5
−1.2
−0.5
0.8
0
4.7
−4.1
0.03
−0.05
(−3.4
(−2.8
(−2.2
(−1.5
(−2.1
(−2.4
(−0.7
(−9.2
(−0.05
(−0.13
to 2.6)
to 1.8)
to −0.1)
to 0.5)
to 3.7)
to 2.4)
to 10.1)
to 1.1)
to 0.12)
to 0.04)
−4.3
−6.5
1.9
1.6
−6.2
−8.0
−2.2
−8.2
−0.06
−0.17
(−7.1
(−9.1
(0.8
(0.5
(−9
(−10.8
(−7.5
(−13.2
(−0.15
(−0.26
to −1.5)
to −3.8)
to 3.0)
to 2.6)
to −3.3)
to −5.3)
to 3.2)
to −3.3)
to 0.03)
to −0.07)
0
0
0
0
0
0
0
0
0
0
[Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference]
0
1
−0.8
0.3
0.8
0.8
5.3
−5.2
0.03
−0.02
(−3.6.
(−2.2
(−2.1
(−1.1
(−2.6
(−2.6
(−2.5
(−12.6
(−0.1
(−0.13
to 3.6)
to 4.2)
to 0.4)
to 1.6)
to 4.3)
to 4.1)
to 13)
to 2.2)
to 0.17)
to 0.09)
−3.2
−5.7
2.6
2.4
−5.8
−8.1
−0.5
−8
−0.04
−0.15
(−6.9
(−9.8
(1.2
(0.9
(−9.4
(−12.2
(−8.6
(−14.9
(−0.17
(−0.3
to 0.5)
to −1.6)
to 3.9)
to 3.9)
to −2.2)
to −4.0)
to 7.6)
to −1.1)
to 0.09)
to −0.02)
0
0
0
0
0
0
0
0
0
0
[Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference]
−2.3
−1.6
−1.4
−2
−0.9
0.4
−3.1
−3.6
0.01
−0.02
(−5.4
(−5.5
(−3
(−3.4
(−3.9
(−3.4
(−8.8
(−8.6
(−0.09
(−0.13
to 0.90)
to 2.3)
to 0.2)
to −0.6)
to 2.2)
to 4.3)
to 2.7)
to 1.4)
to 0.10)
to 0.08)
−9.9
−11.9
0.9
−0.6
−10.8
−11.3
−13.3
−10.2
−0.1
−0.2
(−13.8
(−15.8
(−0.9
(−2.4
(−14.6
(−14.9
(−21.4
(−16
(−0.2
(−0.3
to −6.0)
to −8.0)
to 2.8)
to 1.3)
to −7.0)
to −7.7)
to −5.2)
to −4.4)
to −0.01)
to −0.08)
0
0
0
0
0
0
0
0
0
0
[Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference] [Reference]
−2.5
−2.5
−1.4
−1.6
−1.1
−1
−0.9
0.9
0
−0.03
(−5.7
(−5.4
(−2.9
(−2.8
(−5.0
(−3.8
(−6.7
(−5.8
(−0.09
(−0.12
to 0.7)
to 0.4)
to 0)
to −0.3)
to 2.8)
to 1.9)
to 4.8)
to 7.6)
to 0.10)
to 0.06)
−5.6
−6.2
−0.5
0
−5.1
−6.2
−3.2
−4.7
0
−0.18
(−9.0
(−10.2
(−2
(−1.3
(−9.2
(−10.6
(−10
(−11.7
(−0.13
(−0.29
to −2.2)
to −2.3)
to 1.1)
to 1.3)
to −1.1)
to −1.9)
to 3.7)
to 2.2)
to 0.14)
to −0.07)

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; non–HDL-C, non–high-density lipoprotein cholesterol; TC, total cholesterol.
a Data are from National Health and Nutrition Examination Surveys.13,14,17
b Non–HDL-C equals serum TC minus HDL-C.
c LDL-C is calculated by the Friedewald equation (LDL=Serum TC−HDL−serum triglyceride/5). This equation is valid only if serum triglycerides are 400 mg/dL or less.
d Analyses for LDL-C and triglycerides include only youths aged 12 to 19 years.
e Adjusted for age and race/ethnicity.
f Adjusted for age.
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In 1999-2002, compared with 19881994, age- and race/ethnicity–adjusted
TC, non–HDL-C, LDL-C, and logtransformed triglyceride concentrations did not differ significantly, nor
were there significant differences in
the sex- and race/ethnicity–specific
models. HDL-C in 1999-2002 did not
significantly differ from 1988-1994
except among males in the age- and
race/ethnicity–adjusted model
(␤=−1.2; 95% CI, −2.2 to −0.1; P=.03)
and among females (non-Hispanic
black, ␤=−2.0; 95% CI, −3.4 to −0.6;
P = .005 and Mexican American,
␤=−1.6; 95% CI, −2.8 to −0.3; P=.01)
in age-adjusted models.

CI, 15%-19.5%) in 1988-1994 and
14.8% (95% CI, 13.7%-15.9%) in 20072010, a nonsignificant decrease
(P = .05). The prevalence of an adverse
concentration of either HDL-C or non–
HDL-C decreased across the 3 surveys
overall (P=.001). In 2007-2010 among
children aged 9 to 11 years, 22.2% (95%
CI, 19.1%-25.3%) had either low
HDL-C or high non–HDL-C compared with 24.0% (95% CI, 19.3%28.7%) in 1988-1994 (eTable 2).
Among adolescents, there was a decrease in prevalence of elevated LDL-C
and triglycerides between 1988-1994
and 2007-2010 (P=.03 for each trend)
(eTable 3).

COMMENT
Between 1988-1994 and 2007-2010, a
favorable trend in serum lipid concentrations was observed among youths in
the United States but adverse lipid profiles continue to be observed among
youths. For example, in 2007-2010,
slightly more than 20% of children aged
9 to 11 years had either a low HDL-C
or high non–HDL-C concentration,
which, according to the most recent cardiovascular health guidelines for children and adolescents, indicates a need
for additional clinical evaluation.12
Previous studies of serum lipids in
youths in the United States have demonstrated declines among adolescents

Weight Status and Lipid Trends

Overall, among youths with obesity,
there were declines in TC, non–
HDL-C, LDL-C, and triglycerides over
the study period (TABLE 5). For example, mean TC decreased 8 mg/dL;
whereas compared with youths overall, the decrease in TC was 5 mg/dL.
Among youths with obesity, change in
HDL-C over time was not significant
(P=.32).
The effects of including weight status, in addition to age and race/
ethnicity to the overall linear regression models presented in Table 4 were
also examined. Compared with the ␤
coefficients presented in Table 4, those
estimated with inclusion of weight status in the model were of a slightly
larger magnitude. For example, compared with 1988-1994, the ␤ coefficients for TC in 2007-2010 were −5.3
(95% CI, −8.1 to −2.6) and −7.3 (95%
CI, −9.9 to −4.6) for males and females
(eTable 4).
Trends in Prevalence of Adverse
Lipid Concentrations

Among youths aged 6 to 19 years between 1988-1994 and 2007-2010, there
was a decrease in prevalence of elevated TC from 11.3% (95% CI, 9.8%12.7%) to 8.1% (95% CI, 6.7%-9.5%)
(P=.002) and non–HDL-C from 13.6%
(95% CI, 12.1%-15%) to 10% (95% CI,
8.4%-11.5%) (P=.001) (FIGURE). Prevalence of low HDL-C was 17.3% (95%

Table 5. Mean Lipid Concentrations Over Time, by Sex and Age, Among US Children and
Adolescents With Obesity Aged 6 to 19 Years, 1988-2010

1988-1994

1999-2002

2007-2010

P
Value
for
Trend a

172 (169-176)

173 (170-176)

164 (161-167)

.001

177 (171-184)
174 (164-184)

172 (167-177)
175 (170-180)

168 (162-173)
162 (155-170)

.03
.06

170 (164-176)
166 (158-174)

171 (163-178)
172 (167-176)

167 (162-173)
160 (157-163)

.54
.13

44.2 (42.5-45.9)

43.9 (43.2-44.7)

45.2 (44.2-46.1)

.32

48.5 (45.9-51.1)
40.7 (39-42.4)

47.3 (45.4-49.3)
40 (38.4-41.6)

47.7 (45.8-49.6)
41.9 (40.4-43.5)

.63
.26

45.3 (39.8-50.7)
43.2 (41.1-45.6)

44.6 (42.5-46.8)
44.7 (43.3-46.1)

44.5 (42.9-46.1)
47.3 (45.6-49)

.78
.003

128 (124-132)

129 (126-132)

119 (116-122)

⬍.001

129 (122-135)
133 (123-143)

125 (120-130)
135 (131-140)

120 (115-125)
120 (113-128)

.03
.04

125 (120-130)
123 (116-131)

126 (119-133)
127 (123-132)

123 (117-129)
113 (109-116)

.66
.01

LDL-C
Total
Males, y
Females

103 (97-109)
109 (93-124)
97 (84-109)

105 (101-109)
107 (101-112)
104 (98-109)

94 (89-100)
95 (86-103)
94 (87-101)

.03
.09
.68

Triglycerides
Total
Males, y
Females

107 (92-122)
117 (90-143)
97 (79-115)

109 (99-119)
125 (106-143)
92 (82-102)

86 (79-94)
94 (84-105)
78 (67-89)

.008
.07
.05

mg/dL (95% CI)

TC
Total
Males, y
6-11
12-19
Females
6-11
12-19
HDL-C
Total
Males, y
6-11
12-19
Females
6-11
12-19
Non–HDL-C
Total
Males, y
6-11
12-19
Females
6-11
12-19

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
SI conversions: to convert HDL-C, LDL-C, non–HDL-C, or triglycerides to mmol/L, multiply by 0.0259.
a P value for linear trend between 1988-1994 and 2007-2010. Data are from National Health and Nutrition Examination
Surveys.13,14,17
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Figure. Prevalence of Adverse Lipid Concentrations Over Time Among US Children and
Adolescents, 1988-2010

Adverse Lipid Concentrations, %

30

25

1988-1994
1999-2002
2007-2010

20

15

10

5

0
TC

HDL

Non-HDL

HDL or Non-HDL

LDL

Triglycerides

Adverse lipid concentrations: total cholesterol (TC, ⱖ200 mg/dL), high-density lipoprotein (HDL) cholesterol
(⬍40 mg/dL), non-HDL cholesterol (ⱖ145 mg/dL), low-density lipoprotein (LDL) cholesterol (ⱖ130 mg/dL),
and triglycerides (ⱖ130 mg/dL). All comparisons, except HDL, show a significant linear trend between 19881994 and 2007-2010 (P⬍.05). Comparisons for TC, HDL, non-HDL, and either HDL or non-HDL are among
youths aged 6 to 19 years; LDL and triglyceride comparisons are among youths aged 12 to 19 years. Sample
sizes: for TC, HDL, non-HDL, and either HDL or non-HDL, 5759 in 1988-1994, 6152 in 1999-2002, and 4205
in 2007-2010; for LDL, 1093 in 1988-1994, 1853 in 1999-2002, and 995 in 2007-2010; and for triglycerides,
1106 in 1988-1994, 1861 in 1999-2002, and 996 in 2007-2010. Error bars indicate 95% CIs. Data are from
National Health and Nutrition Examination Surveys.13,14,17

in mean TC levels between the 1960s
and 1988-1994,35 and stabilization of
serum TC concentrations among youths
between 1988-1994 and 1999-2000.36
By examining lipid concentrations over
an additional decade, a continuation in
the overall decline in serum TC since
the late 1980s is observed. These declines are comparable to those reported among US adults during a similar time frame. For example, among
adults aged 20 years and older, mean
age-adjusted serum TC was 206 mg/dL
in 1988-1994 and 198 mg/dL in 20052008.34
Serum lipid concentrations are affected by a variety of factors including
sex, age,30 race/ethnicity,35 timing of puberty,37 diet,38,39 tobacco smoke exposure, 40,41 physical activity, 42 lipidlowering medications,43 socioeconomic
factors,44 and body weight.45 Secular
trends in the correlates of serum lipid
concentrations may have affected serum lipid concentrations over time.
Limited data describe trends in dietary fat intake among youths during
this study period; however, in 20072008, children and adolescents consumed 11% to 12% of daily calories
from saturated fat,45 which is higher
598

JAMA, August 8, 2012—Vol 308, No. 6

Downloaded From: https://jamanetwork.com/ on 07/03/2022

than current recommendations. 47
Among adults who are non-Hispanic
white, declines in serum trans-fatty acids of approximately 50% have been reported between 2000 and 2009.48 The
extent to which the trends in transfatty acids may be generalized to other
populations, including youths, is unknown. There have been declines in environmental tobacco smoke exposure49 among children and in tobacco
use50 among high school students during this study period, which may have
contributed to the higher HDL-C values. Few youths meet indications for
treatment with lipid-lowering medications;51 thus changes in medication use
likely did not contribute substantially
to the observed lipid trends. Because dietary choices may be influenced by
country of birth 5 2 and family income,53 trends in immigration and socioeconomic status may have also influenced findings in this study.
The association between obesity and
adverse serum lipid concentrations has
been previously described.45 In this
analysis, improvements in serum lipids were observed for youths overall and
also in youths with obesity. Thus, despite an increase in obesity prevalence

during the study period, an overall improvement in serum lipids was observed. In linear regression models
comparing differences in serum lipids
in 2007-2010 to 1988-1994, inclusion
of weight status in the models, in addition to race/ethnicity and age, resulted in ␤ coefficients with a slightly
larger magnitude. These findings suggest the observed improvements in serum lipid concentrations over time may
have been slightly larger had there been
no increase in obesity prevalence. Recently Freedman et al54 reported a decline in elevated blood pressure among
youths in the Bogalusa Heart Study between 1974 and 1993, a period of increased obesity prevalence. Both serum lipids and blood pressure are
correlated with BMI but factors other
than BMI also contribute to the variability of these cardiovascular risk factors.
Generally, improvements in serum
lipid concentrations were observed for
each examined race/ethnic group, although there were exceptions for specific lipids. Among non-Hispanic black
and Mexican American males and females, no increase in HDL-C was observed, whereas an increase was observed among non-Hispanic white
youths. Among non-Hispanic white and
Mexican American adolescent males,
there was no significant change in
LDL-C or triglycerides, but a decrease
was observed among males who were
non-Hispanic black. Future studies examining trends in correlates of lipid
concentrations and their influence on
the lipid trends reported in this study
may provide additional insight to the
overall race/ethnic and weight status–
specific trends in serum lipid concentrations.
No other studies have measured serum lipid concentrations among youths
in a nationally representative sample of
the US population for as long as
NHANES. This is a significant strength
of our study. This study has limitations including possible nonresponse
bias as a result of missing data. However, there were few differences between youths with and without miss-
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ing data and reweighting of the data did
not result in substantive differences;
thus, the lipid results are likely minimally biased by nonresponse. Changes
in laboratory methods may have affected the observed trends and are
therefore a potential limitation. However, to minimize method effects during all survey periods, serum lipids were
standardized according to the criteria
of the CDC’s lipid standardization program. Although adherence to the standardization program allows for bias,
changes as a result of a method effect
would not be expected to result in similar conclusions for each of the measured lipids, which each have different methods of measurement. Future
analyses with additional data points
may provide perspective into the observed trends reported in this study. Pubertal status was not collected throughout the study period and therefore,
could not be incorporated into this
analysis.
The recently released Expert Panel
on Integrated Guidelines for Cardiovascular Health and Risk Reduction in
Children and Adolescents provides recommendations for preventing the development of cardiovascular risk factors including optimizing nutrition and
physical activity and reducing exposure to tobacco smoke. 12 Specific
screening approaches, including universal screening at select ages and management of adverse lipid concentrations, have also been detailed in these
recent guidelines for youths. Future research from longitudinal studies or
mortality-linked data, including
NHANES, may include examining clinical outcomes for cardiovascular disease, including cardiovascular mortality, based on lipid concentrations
present during childhood.
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