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Total cholesterol (TC) levels, triglyceride levels, and low-density lipoprotein cholesterol
(LDL-C) levels are linked to coronary heart disease.! Between 1999 and 2010, mean TC,
triglycerides, and LDL-C levels declined in the United States, regardless of cholesterol-
lowering medication use.2 We used 2013/2014 National Health and Nutrition Examination
Survey lipid data in conjunction with 1999 to 2012 data to determine whether earlier trends
continued.
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Methods |

Eight 2-year National Health and Nutrition Examination Survey cross-sectional cycles
between 1999/2000 and 2013/2014 were analyzed for trends in TC levels, triglyceride levels,
and LDL-C levels among adults (aged 20 years or older). The National Health and Nutrition
Examination Survey uses a stratified, multistage probability design to provide a
representative sample of the noninstitutionalized, civilian US population. The National
Health and Nutrition Examination Survey was reviewed and approved by the National
Center for Health Statistics Ethics Review Board. All participants gave written informed
consent. In 2013/2014, the examination response rate for adults was 64% and ranged from
64% to 73% for the cycles between 1999/2000 and 2011/2012.

Cholesterol levels were analyzed on venous samples collected following a standardized
protocol. Total cholesterol and triglyceride levels were measured using coupled enzymatic
reactions.3 Low-density lipoprotein cholesterol levels were calculated using the Friedewald
equation (LDL-C = TC - [high-density lipoprotein cholesterol + triglycerides/5]) for adults
whose triglyceride levels did not exceed 400 mg/dL (to convert to micromoles per liter,
multiply by 0.0113). Laboratory and methods changes regarding high-density lipoprotein
cholesterol are discussed elsewhere.2 The laboratories conducting the testing participated in
the Centers for Disease Control and Prevention Lipid Standardization Program (https://
www.cdc.gov/labstandards/Isp.html) ensuring valid measurement comparability owing to
slight instrumentation and reagent changes between 1999 and 2014. Lipid-lowering
medication use was defined as currently taking medication to lower cholesterol.
Examination sample weights were used for TC analysis. Morning fasting sample weights
were used in the analysis of triglycerides and LDL-C. Standard errors were estimated by
Taylor series linearization and confidence intervals were constructed using the Wald method
for means. Significance was set at < .05. Analyses were carried out with Stata, version
13.1 (StataCorp).

Geometric means are presented for triglycerides because the distribution was heavily
skewed. Arithmetic means are reported for TC and LDL-C. Estimates were age-adjusted
using the direct method to the 2000 US Census projected population by age group (20-39
years, 40-59 years, and older than 60 years). Age-adjusted trends were tested with
orthogonal contrasts matrices. Significant quadratic trends (P < .05) were found for
triglycerides and LDL-C, implying the trends changed direction and/or magnitude. We
confirmed changes in slope using JoinPoint analysis to find inflection points and piecewise
linear regressions to test differences in slope on either side of these points. Age-adjusted
linear regressions were plotted using marginal standardization to generate predicted values.

Results |

Thirty-nine thousand forty-nine adults 20 years or older had TC levels analyzed, and 17486
and 17096 had triglyceride levels and LDL-C levels analyzed, respectively. Age-adjusted
mean TC decreased between 1999/2000 (204 mg/dL; 95% CI, 202—-206 [to convert to
micromoles per liter, multiply by 0.0259]) and 2013/2014 (189 mg/dL; 95% CI, 188-191
mg/dL) with significant linear (£<.001) but not quadratic trends and with a 6-mg/dL drop
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between 2011/2012 and 2013/2014 (Table; Figure, A). Age-adjusted geometric mean
triglyceride levels decreased from 123 mg/dL (95% CI, 118-129 mg/dL) in 1999/2000 to 97
mg/dL (95% ClI, 92-102 mg/dL) in 2013/2014 (P=.02 quadratic trend) with a 13-mg/dL
drop since 2011/2012 (Figure, B). Mean LDL-C levels decreased from 126 mg/dL (95% ClI,
124-129 mg/dL; to convert to micromoles per liter, multiply by 0.0259) to 111 mg/dL (95%
Cl, 110-113 mg/dL) during the 8 survey cycles (£ =.001 quadratic trend), with a 4-mg/dL
drop between 2011/2012 and 2013/2014 (Figure, C). JoinPoint analysis and piecewise
regressions found an inflection point at 2011/2012 for triglyceride values and 2 inflection
points for LDL-C at 2003/2004 and 2011/2012, which reflect significantly steeper negative
slopes. Between 1999/2000 and 2013/2014, the decreasing trends in TC, triglycerides, and
LDL-C levels described in previous paragraphs were similar when stratified by lipid-
lowering medications.

Discussion |

Between 1999/2000 and 2013/2014, a significant decline in triglyceride levels and LDL-C
levels occurred with significantly steeper negative slopes observed between 2011/2012 and
2013/2014. A steady decreasing trend continued in 2013-20142 in mean TC levels.

Removal of trans-fatty acids in foods has been suggested as an explanation for the observed
trends of triglycerides, LDL-C levels, and TC levels.# With increased interest in triglycerides
for cardiovascular health,® the continued drop of triglycerides, LDL-C levels, and TC levels
at a population level represents an important finding and may be contributing to declining
death rates owing to coronary heart disease since 1999.6
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Figure 1. Age-Adjusted Total Cholesterol, Triglyceride, and Low-Density Lipoprotein
Cholesterol (LDL-C) Trends for US Adults Aged 20 Years and Older, 1999 to 2014

A, Predicted total cholesterol levels and 95% confidence intervals in a sample size of 39
049. B, Predicted log-transformed triglyceride levels and 95% confidence intervals; log-
transformed values were exponentiated after the regression, sample size of 17 406. C,
Predicted LDL-C levels and 95% confidence intervals in a sample size of 17 096. Figure
generated using marginal standardization from age-adjusted linear regression models. Data
source: Centers for Disease Control and Prevention/National Center for Health Statistics, the
National Health and Nutrition Examination Survey.

JAMA Cardiol. Author manuscript; available in PMC 2020 July 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Rosinger et al.

Page 5

S| conversion factors: To convert LDL-C to micromoles per liter, multiply by 0.0259; to
convert total cholesterol to micromoles per liter, multiply by 0.0259; to convert triglycerides
to micromoles per liter, multiply by 0.0113.
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