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SUMMARY

Objectives: There has been insufficient evidence for a quantitative recommendation for dietary cholesterol, therefore, we aim to investigate the

optimal cholesterol intake related to a lower all-cause mortality risk.

Methods: The National Health and Nutrition Examination Survey (NHANES) is a large population survey to investigate public health in the
United States. We analysed data from 1999-2002 linked with mortality data obtained through 2006. Cox proportional hazard ratios (HRs) with 95%
confidence intervals (Cls) were estimated to assess risks for all-cause mortality associated with cholesterol intake.

Results: A total of 7,728 participants were analysed in the present study, and 519 assumed death events. Compared with the third quartile
(216-373 mg/day) of cholesterol intake, the risks of mortality increased in both the first two and the last quartiles (quartile 1: HR 1.53, 95% ClI
1.16-2.00; quartile 2: HR 1.22, 95% CI 0.94-1.60; quartile 4: HR 1.39, 95% CI 1.05-1.83). The association between cholesterol intake and the
risk of all-cause mortality followed a U-shaped curve, with the cholesterol intake associated with the lowest mortality being 328 mg/day.

Conclusions: The present study suggests an optimal cholesterol intake for lowering the all-cause mortality risk.
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INTRODUCTION

Given high serum cholesterol level is an independent risk fac-
tor of major events, such as cardiovascular disease (CVD), CVD
mortality or all-cause mortality (1-3). Dietary cholesterol has
been considered to be the less the better. However, the results of
relevant studies showed controversial findings. Previous research
mostly found that higher dietary cholesterol or fat intake was
related to higher number of major events (4, 5), while recently
the Prospective Urban Rural Epidemiology (PURE) study showed
that higher intake of total fat and individual types of fat (including
saturated fat, monounsaturated fat, and polyunsaturated fat) was
related to lower total mortality risk, and not associated with CVD
or CVD mortality (6).

Generally, as the main fat-dietary product, cholesterol was still
without adequate evidence for a quantitative limit of dietary in-
take. The 2015 Dietary Guidelines Advisory Committee (DGAC)
report (7) shifted the previous limit of a maximum of 300 mg/day
for dietary cholesterol intake, and meanwhile stated that people
should eat as little dietary cholesterol as possible, suggesting that
cholesterol is considered to be important in building a healthy eat-
ing style, and healthy cholesterol intake should be neither too little
nor too much. In the present study, we link the National Health
and Nutrition Examination Survey (NHANES) dietary data with

mortality information to evaluate the optimal cholesterol intake
related to lower all-cause mortality risk.

MATERIALS AND METHODS

Data Source

The NHANES is a population survey implemented by the
Centers for Disease Control and Prevention (CDC) to investi-
gate public health in the United States. Details about NHANES
are available elsewhere (8, 9), including the protocol and data
collection procedures. An already published NHANES data
package (including the 1999-2000, 2001-2002, 2003—2004, and
2005-2006 datasets) (10, 11) was used in the present study, in
which the mortality information was collected from the data of
the survey participants and ascertained via probabilistic matching
between the NHANES and the National Death Index (NDI) death
certificate information.

We used the 1999—2000 and 2001-2002 datasets to analyse the
association between cholesterol intake and all-cause mortality. A
total of 21,004 participants (9,965 in the 1999-2000 and 11,039
in the 2001-2002 survey) were included in the two surveys, 9,563
participants aged under 18 and 3,713 participants with missing
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values were excluded, and 7,728 participants were analysed in
the present study.

Variables Description

Variables in the present study include dietary (cholesterol,
carbohydrate, total energy, and alcohol) intake, age, gender, race,
body mass index (BMI), smoking history, chronic disease history,
income, education, and physical activity. Covariate alcohol intake
was divided into three groups: 0 gm/day, <30 gm/day, and >30
gm/day. Smoking status included both active and passive smoking.
Covariate income, which was originally categorized into eleven
groups ($0 to $4,999; $5,000 to $9,999; $10,000 to $14,999;
$15,000 to $19,999; $20,000 to $24,999; $25,000 to $34,999;
$35,000 to $44,999; $45,000 to $54,999; $55,000 to $64,999;
$65,000 to $74,999; $75,000 and over), was combined into three
new groups: $0 to $24,999; $25,000 to $54,999; $55,000 and over.
Covariate chronic disease history includes diabetes, coronary dis-
ease, hypertension, asthma, rheumatoid arthritis, osteoarthritis, and
30 site-specific cancers (such as breast, skin, lung, colon, bladder,
kidney, and other type of cancers). Physical activity was treated as
an ordinal factor based on physical activity guideline categories for
no aerobic activity, low activity (medium intensity activity more
than baseline but fewer than 150 min/week), moderate activity (150
to 300 medium intensity min/week) and high activity (>300 min
medium intensive activity per week or > 150 min high intensity per
week). Other variables were kept from the original data.

Statistical Analysis

Continuous variables were expressed as the mean £+ SD or
median (interquartile range, IQR). Categorical variables were
expressed as percentages and numbers. Generalized linear models
were applied to evaluate the trends of baseline characteristics
across quartiles of cholesterol intake (quartile 1 <124 mg, 124 <
quartile 2 <216 mg, 216 < quartile 3 <373 mg, quartile 4 >373
mg). Cox proportional hazard models were performed to obtain
the hazard ratios and their 95% confidence intervals (Cls) in
univariate model and after adjustment for total energy, carbohy-
drate and alcohol intake, age, gender, race, BMI, chronic disease
history, smoking status, income, education, and physical activity.
Moreover, we fitted the multivariate model with quadratic term of
cholesterol intakes as well as restricted cubic splines (RCSs) for
non-linear relationship between cholesterol intake and all-cause
mortality and calculated the optimal cholesterol intake. Statistical
relationships were considered significant for p-values < 0.05. All
analyses were performed using R software, version 3.4.4.

RESULTS

The present study includes 7,728 subjects (age: 45.7+19.6
years, male/female 3,623/4,105). Of those, 519 were assumed
death events. The median follow-up period was 68 months.
Characteristics of the study population are listed in Table 1. As
cholesterol intake increased, the intake of total energy, carbohy-
drate and alcohol all significantly increased (p-value for trend <
0.001), while age and chronic disease prevalence significantly
decreased (p-value for trend < 0.001).

In both crude and multivariate models (adjustment for intake
of'total energy, carbohydrate, and alcohol, age, gender, race, BMI,
chronic disease history, smoking status, income, education, and
physical activity), the third quartile of cholesterol intake appeared
to have the lowest risk of all-cause mortality. Compared with the
third quartile (216 < cholesterol intake <373 mg/day) of cholesterol
intake, the risk of mortality increased by 53% in the first quartile
(cholesterol intake < 124 mg/day), tended to increase in the second
quartile (124 < cholesterol intake <216 mg/day), and increased
by 39% in the fourth quartile (cholesterol intake >373 mg/day).
Compared with the first quartile, the risk of mortality decreased by
20% in the second quartile, decreased by 35% in the third quartile,
and tended to decrease in the fourth quartile (Table 2).

The association between cholesterol intake and the risk of all-
cause mortality followed a U-shaped curve, with increased risk
above and below the reference range of 216 to 373 mg (Table
2). In Figure 1, after excluding the top and bottom 5 percentiles
of cholesterol intake, the RCS also demonstrated a U-shaped
association between cholesterol intake and the risk of all-cause
mortality. We also added a quadratic term of cholesterol intake
in the model, using the quadratic and linear coefficients to cal-
culate the optimal cholesterol intake, and found the cholesterol
intake associated with the lowest mortality was 328 mg/day in
the multivariate model.

DISCUSSION

This study contributes some valuable findings. First, it showed
that the association between cholesterol intake and the risk of
all-cause mortality followed a U-shaped curve, and the optimal
cholesterol intake appeared to be around 300 mg/day. Second,
compared with the first quartile (cholesterol intake <124 mg/
day), the other quartiles showed lower mortality risks, suggesting
that the least intake of dietary cholesterol was associated with the
highest risk. We concluded that healthy dietary cholesterol intake
is around 300 mg/day and excessive restrictions of cholesterol
intake are harmful to the health.

Previous studies proved that high serum cholesterol level was
associated with high risks of major events (CVD, CVD mortal-
ity or all-cause mortality) (2, 3). Therefore, in the past several
years, cholesterol has been thought to be a nutrient of concern
for overconsumption. Previously, the DGAC recommended that
cholesterol intake should be limited to 300 mg/day (equivalent to
1.5 eggs/day), and lower in red and processed meat (7, 12). How-
ever, recent studies have come to opposite conclusion — there is no
appreciable relationship between consumption of dietary choles-
terol and serum cholesterol (13), and high intake of cholesterol or
cholesterol-rich foods is not related to high risk or even lowers the
risk of major events (6, 14, 15). It appears that dietary cholesterol
is a highly controversial nutrient. As well, the 2015-2020 DGAC
report did not bring forward the recommendation of cholesterol
intake limit, waiting for further studies to generate more consistent
evidence of quantitative recommendation of cholesterol intake.

In the present study, we demonstrated the U-shaped associa-
tion between dietary cholesterol and all-cause mortality, and we
believed that healthy cholesterol intake should be neither too
little nor too much. However, there are still some limitations: we
analysed data from NHANES 1999-2004, which did not include
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Table 1. Baseline characteristics of participants, NHANES 1999-2002 (N=7,728)

Cholesterol quartiles

Total
(N=7,728) Quartile 1 Quartile 2 Quartile 3 Quartile4 | P-value for trend
(n=1,912) (n=1,950) (n=1,934) (n=1,932)
Cholesterol intake (mg/day)
Mean (SD) 287.1 (246.2) 75.9 (33.0) 168.1(26.3) 284.2 (44.1) 619.1 (264.7)
Median 216 80.6 168 279 542.8 <0.001
IQR 124.0-373.3 53.0-103.0 145.7-189.8 245.8-319.0 451.0-694.8
Total energy intake (kcal/day)
Mean (SD) 2,128.8(1,023.2) 1,427.9 (642.2) 1,955.2 (703.3) 2,334.2(864.3) | 2,791.9(1,239.1)
Median 1,949 1,349.5 1,855.6 2,249 2,598.7 <0.001
IQR 1,434.0-2,643.8 994.3-1,755.9 1,480.9-2,309.0 | 1,736.8-2,855.5 | 1,905.6-3,407.8
Carbohydrate intake (gm/day)
Mean (SD) 269.9 (136.2) 211.3(106.8) 259.7 (114.5) 288.7 (131.5) 319.2 (161.6)
Median 247 195.3 2424 268.7 293.6 <0.001
IQR 175.0-335.9 136.2-268.0 180.8-316.0 194.2-359.0 209.8-401.4
Age (years) 45.7£19.6 48.3£20.7 46.0£20.1 451419.2 43.6+18.2 <0.001
Male, n (%) 3,623 (46.9) 628 (32.8) 867 (44.5) 971(50.2) 1,157 (59.9) <0.001
Race, n (%)
White 3,724 (48.2) 950 (49.7) 991 (50.8) 952 (49.2) 831 (43.0)
Black 1438 (18.6) 343 (17.9) 336(17.2) 338 (17.5) 421(218)
Mexican 1,920 (24.8) 435 (22.8) 469 (24.1) 486 (25.1) 530 (27.4) 0.041
Other Hispanic 383 (5.0) 102 (5.3) 97 (5.0) 94 (4.9) 90 (4.7)
Other ethnic 263 (3.4) 82(4.3) 57 (2.9) 64 (3.3) 60 (3.1)
BMI, kg/m? 28.146.3 28.046.3 28.0£6.4 27.946.0 28.616.7 0.007
Chronic disease history, n (%) 2,804 (36.3) 759 (39.7) 720 (36.9) 662 (34.2) 663 (34.3) <0.001
:r(’l/‘:;"”g or passive smoking, | 4 604 (20.g) 379 (19.8) 387 (19.) 304 (20.4) 444 (23.0) 0.015
Alcohol intake (gm/day)
0 5,819 (75.3) 1,556 (81.4) 1479 (75.8) 1,430 (73.9) 1,354 (70.1)
0-30 1,170 (15.1) 237 (12.4) 301 (15.4) 305 (15.8) 327 (16.9) <0.001
>30 739 (9.6) 119(6.2) 170 (8.7) 199 (10.3) 251(13.0)
Income
Group 1 2,664 (34.5) 750 (39.2) 669 (34.3) 616 (31.9) 629 (32.6)
Group 2 2,583 (33.4) 591 (30.9) 679 (34.8) 637 (32.9) 676 (35.0) <0.001
Group 3 2,481(32.1) 571(29.9) 602 (30.9) 681(35.2) 627 (32.5)
Education
<High school 2,597 (33.6) 692 (36.2) 616 (31.6) 622 (32.2) 667 (34.5)
High school 1,826 (23.6) 421(22.0) 486 (24.9) 483 (25.0) 436 (22.6) 0425
> High school 3,305 (42.8) 799 (41.8) 848 (43.5) 829 (42.9) 829 (42.9)
Physical activity (MET-rank)
Very low 2,027 (26.2) 551 (28.8) 505 (25.9) 463 (23.9) 508 (26.3)
Low 2,096 (27.1) 467 (24.4) 550 (28.2) 552 (28.5) 527 (27.3) 0296
Moderate 1,336 (17.3) 331(17.3) 344 (17.6) 335 (17.3) 326 (16.9)
High 2,269 (29.4) 563 (29.4) 551 (28.3) 584 (30.2) 571 (29.6)

Cholesterol quartiles: quartile 1 <124 mg/day; 124 < quartile 2 <216 mg/day; 216 < quartile 3 <373 mg/day; quartile 4 2373 mg/day; income group1: $0 to $24,999; group
2: $25,000 to $54,999; group 3: $55,000 and over
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Table 2. Association between cholesterol intake and all-cause mortality

Cholesterol quartiles

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Outcomes, n (%) 171(8.9) 133 (6.8) 97 (5.0) 118 (6.1)
Follow-up (months) 68 (57-80) 68 (57-80) 68 (57-80) 69 (58-80)
Model 1
1.81(1.41-2.32) 1.36 (1.04-1.76) 1.22 (0.93-1.59)
Crude <0.001 0.022 Ref 0.150
o 1,53 (1.16-2.00) 1.22 (0.94-1.60) 1.39 (1.05-1.83)
Multivariate 0.002 0.136 Ref 0.020
Model 2
0.75 (0.60-0.94) 0.55 (0.43-0.71) 0.67 (0.53-0.85)
Crude Ref 0.013 <0.001 <0.001
o 0.80 (0.63-1.02) 0.65 (0.50-0.86) 0.91 (0.68-1.21)
Multivariate Ref 0.070 0.002 0517

Values are percentages (numbers), median (IQR), hazard ratios (95% Cls), and p-values. *Multivariate models adjusted for total energy, carbohydrate and alcohol
intake, age, gender, race, BMI, chronic disease history, smoking status, income, education, and physical activity.
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Fig. 1. U-shaped association between cholesterol intake and all-cause mortality.

The top and bottom 5 percentiles of cholesterol intake were excluded.

Asians, thus the generalizability of our findings to Asians requires
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