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APPENDIX 2

TABLE II-1. Plasma Total Cholesterol (mg/dl) for White Males-Lipid Research Clinics Program Prevalence
Study, Visit 1

Age Percentiles
(years) n Mean SD 5 10 50 90 95

0-4 238 154.6 27.2 114 125 151 186 203
5-9 1253 159.9 25.3 121 130 159 191 203

10-14 2278 157.6 25.6 119 127 15115) 190 202
15-19 1980 149.9 26.5 113 120 146 183 197
20-24 882 166.5 28.6 124 130 165 204 218
25-29 2042 182.2 35.0 133 143 178 227 244

30-34 2444 192.2 36.8 138 148 190 239 254
35-39 2320 201.3 36.8 146 157 197 249 270
40-44 2428 206.5 36.5 151 163 203 250 268
45-49 2296 212.2 36.0 158 169 210 258 276

50-54 2138 212.7 37.0 158 169 210 261 277
55-59 1621 213.9 38.3 156 167 212 262 276
60-64 905 213.0 36.7 159 171 210 2.59 276
60-69 750 212.6 34.8 158 170 210 258 274
70-74 484 208.2 34.7 154 165 207 250 269
75-79 244 204.9 34.7 151 163 204 249 261

80+ 122 206.6 42.9 144 150 202 263 275

Total 24,425

year age group. Thereafter, it increases regularly
through ages 55-59 years to 231 mg/dl, remains
generally at that level through age 79 years and
declines slightly to 222 mg/dl after age 80 years. The
ninety-fifth percentile varies between 200-205 mg/dl

through age 19 years, and then rises regularly,
reaching 300 mg/dl for the 55-59-year age group and
remains at about that level through age 79 years. After
age 80 years, the ninety-fifth percentile drops to 280
mg/dl.

TABLE 11-2. Plasma Total Cholesterol (mg/dl) for White Females Not Taking Sex Hormones-Lipid Research
Clinics Program Prevalence Study, Visit 1

Age Percentiles
(years) n Mean SD 5 10 50 90 95

0-4 186 156.0 26.9 112 119 156 189 200
5-9 1118 163.7 24.7 126 134 163 195 205

10-14 2080 159.6 24.1 124 131 158 190 201
15-19 1911 156.6 26.4 119 126 154 190 200
20-24 778 164.1 29.6 122 130 160 203 216
25-29 1329 170.7 29.0 128 136 168 209 222
30-34 1569 175.4 31.2 130 139 172 213 230
35-39 1606 184.3 31.7 140 147 182 225 242
40-44 1583 193.0 34.6 147 154 191 235 252
45-49 1515 202.5 37.5 152 161 199 247 265
50-54 1257 217.7 37.8 162 172 215 268 285
55-59 1112 230.5 39.0 172 183 228 282 300
60-64 723 230.8 39.9 172 186 228 280 297
65-69 593 232.8 40.4 171 183 228 280 303
70-74 411 228.5 45.7 166 181 226 277 293
75-79 207 231.0 37.9 172 181 229 282 291
80+ 130 222.1 37.3 165 175 220 271 279

Total 18,108
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TABLE II-3. Plasma Total Cholesterol (mg/dl) for White Females Taking Sex Hormones Lipid Research Clinics
Program Prevalence Study, Visit 1

PercentilesAge
(years) n Mean SD 5 10 50 90 95

10-14 7 151.7 17.3
15-19 167 169.0 31.8 121 131 165) 207 231

20-24 788 179.2 31.7 131 143 178 221 236

25-29 855 183.6 30.0 141 147 182 224 236

30-34 579 188.5 33.4 139 150 184 237 246

35-39 406 194.4 32.5 146 134 191 239 249
40-44 466 199.4 33.9 152 160 195 241 258

45-49 627 209.4 39.2 135 163 204 256 276
50-54 729 218.1 37.9 167 175 216 261 279

55-59 577 218.1 34.7 164 175 215 262 283

60-64 341 224.4 37.7 172 182 221 268 285

65-69 224 222.5 33.0 173 184 221 264 279

70-74 95 216.1 31.1 167 179 214 256 271
75-79 26 215.9 40.0

80+ 11 214.5 29.7

Total 5,898

Plasma Cholesterol for White Females
Taking Sex Hormones

The age-specific mean values for cholesterol for
white females taking sex hormones (fig. 3 and table II-
3) increase regularly from 169 mg/dl for ages 15-19
years to 218 mg/dl at ages 50-59 years. For ages
60-64 years the mean is 224 mg/dl and then declines

to 216 mg/dl at ages 70-79 years. The ninety-fifth
percentile for ages 15-19 years is 231 mg/dl, rises to
236 mg/dl at ages 20-29 years, and slowly increases to
258 mg/dl at ages 40-44 years. For ages 45-49 years,

there is a sharp increase to 276 mg/dl, then a more

gradual increase to 285 mg/dl by ages 60-64 years,

followed by a decline to 271 mg/dl for the 70-74-year
age group.

TABLE II4. Plasma Triglyceride (mg/dl) for White Males-Lipid Research Clinics Program Prevalence Study,
Visit 1

Age Percentiles

(years) n Mean SD 5 10 50 90 95

0-4 238 56.4 24.2 29 33 51 84 99
5-9 1253 55.7 22.7 30 33 51 85 101
10-14 2278 65.6 30.6 32 37 59 102 125
15-19 1980 78.0 38.1 37 43 69 120 148
20-24 882 100.3 56.4 44 50 86 165 201
25-29 2042 115.8 104.3 46 54 95 199 249
30-34 2444 128.3 121.2 50 58 104 213 266
35-39 2320 144.9 120.8 54 62 113 251 321
40-44 2428 151.4 146.8 55 64 122 248 320
45-49 2296 151.7 115.8 58 68 124 253 327
50-54 2138 151.8 117.8 58 68 124 250 320
55-59 1621 141.4 88.1 58 67 119 235 286
60-64 905 142.3 94.4 58 68 119 235 291
65-69 750 136.7 142.2 57 64 112 208 267
70-74 484 129.5 70.8 57 68 112 217 258
75-79 244 129.1 69.1 59 65 112 206 267
80+ 122 132.1 120.6 55 64 105 182 255

Total 24,425
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TABLE II-5. Plasma Triglyceride (mg/dl) for White
Clinics LRC Program Prevalence Study, Visit 1

Females Not Taking Sex Hormones-Lipid Research

Age Percentiles
(years) n Mean SD 5 10 50 90 95

0-4 186 63.9 24.3 34 38 59 96 112

5-9 1118 60.3 25.3 32 36 55 90 105
10-14 2080 75.4 30.9 37 44 70 114 131
15-19 1911 72.4 32.5 39 44 66 107 124
20-24 778 72.4 35.3 36 41 64 112 131
25-29 1329 74.7 37.0 37 42 65 116 144
30-34 1569 78.5 40.1 39 44 69 123 150
35-39 1606 86.2 49.0 40 46 73 137 176
40-44 1583 98.4 82.0 45 51 81 155 191

45-49 1515 104.5 69.5 46 53 87 170 214

50-54 1257 114.8 69.6 52 59 97 186 233
55-59 1112 125.0 76.7 55 63 106 203 262
60-64 723 126.9 88.5 56 64 105 202 239
65-69 593 131.3 110.1 60 66 112 204 243
70-74 411 133.8 112.1 60 69 113 205 231
75-79 207 127.9 101.0 57 69 106 195 242
80+ 130 135.2 103.8 60 70 112 211 242

Total 18,108

Plasma Triglyceride for White Males
For fasting white males (fig. 4 and table 11-4), the

age-specific plasma triglyceride means rise from 56
mg/dl for ages 0-9 years to a high of 151 mg/dl for
ages 40-54 years. For the older age groups, the mean
values gradually decline to about 130 mg/dl. Because
of the skewed triglyceride distributions, comparable
median values are lower. The age-specific medians rise
from 51 mg/dl for ages 0-9 years to 124 mg/dl for
ages 45-54 years, then decrease to 105 mg/dl at age 80
years. The ninety-fifth percentile rises from ap-
proximately 100 mg/dl for ages 0-9 years to a value of
318 mg/dl for ages 45-49 years, and then declines
somewhat irregularly to 255-267 mg/dl above age 65
years.

Plasma Triglyceride for White Females
Not Taking Sex Hormones

The age-specific mean values (fig. 5 and table 11-5)
rise slightly but consistently from 60-64 mg/dl for
ages 0-9 years to levels of 125-135 mg/dl for ages 55
years and over. Age-specific medians generally
parallel the mean values but at a lower level, with the
maximum difference being 23 mg/dl for ages 80 years
and older. After an initial decline from 112 mg/dl at
ages 0-4 years to 105 mg/dl at ages 0-9 years, the
ninety-fifth percentile gradually rises to a peak of 262
mg/dl for ages 55-59 years and then declines
somewhat thereafter.

Plasma Triglyceride for White Females
Taking Sex Hormones

For white females taking sex hormones (fig. 6 and

table 11-6), the age-specific triglyceride means rise
steadily from about 106 mg/dl for ages 15-24 years to
126 mg/dl at ages 35-39 years and remain at 125-130
mg/dl thereafter. The median values parallel those of
the means at a lower level, with the largest difference
being 20 mg/dl for ages 50-54 years and 65-69 years.
The ninety-fifth percentile declines from 199 mg/dl
for ages 15-19 years to 176 mg/dl for ages 20-24
years, then increases substantially to a peak of 259
mg/dl at ages 45-49 years, after which it decreases to
224 mg/dl for ages 70-74 years.

Discussion

The LRC data confirm the rise in cholesterol levels
among males and females from the teenage years to
middle age, a characteristic of findings in developed
countries."8 The LRC data also show a substantial rise
in triglyceride levels between the late teens and mid-
dle age for males. A steady rise also occurs in females,
although the levels are consistently much higher in
women taking sex hormones.
Males and Females

Our data permit comparisons of lipid distributions
between males and females. Such comparisons should
allow for the substantial impact of sex hormone usage
on lipid distributions. Accordingly, in figure 7, data on
females are confined to the group not taking sex hor-
mones. These females have slightly higher median
plasma cholesterol levels than males in the first 2 de-
cades, lower levels until about age 50 years, and con-
siderably higher levels thereafter. The median female
triglyceride levels are slightly higher until about age 20
years; after that, the male levels are markedly higher
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TABLE II-6. Plasma Triglyceride (mg/dl) for White Females Taking Sex Hormones-Lipid Research Clinics
Program Prevalence Study, Visit 1

Age Percentiles
(years) n Mean SD 5 10 50 90 95
10-14 7 62.9 17.4
15-19 167 106.3 50.0 49 54 95 162 200
20-24 788 105.3 41.5 55 63 98 155 176
25-29 855 110.4 47.9 57 64 101 164 191
30-34 579 115.8 47.7 58 67 106 179 206
35-39 406 126.0 58.1 56 66 112 200 241
40-44 466 128.9 73.2 58 67 113 205 237
45-49 627 129.6 90.9 53 63 111 210 260
50-54 729 130.0 97.2 57 65 110 200 248
55-59 577 126.5 65.7 62 68 110 203 238
60-64 341 126.0 64.5 57 64 112 197 240
65-69 224 129.5 66.6 60 65 110 201 234
70-74 95 110.0 55.3 54 66 113 198 224
75-79 26 110.0 34.4
80+ 11 115.9 41.1

Total 5,898

until about age 70 years, when the two levels become
similar.
The lipid distributions for all females show marked

differences between those who take sex hormones and
those who do not. The magnitude of this change, when
coupled with the observed high percentage of sex hor-
mone usage, indicates that the rate of sex hormone
usage may be an important determinant of female
lipid levels.'7

Pediatric Age

These data, which include some 20,000 participants
ages 0-19 years, show a drop in plasma cholesterol

-J
0
cr:
w 2
H
(I)

-IQ%I...1
u E

I
co

-j
a.

25uF

e_uu r

0

u 150

-N. 100Fr (7E

: 50

-J
a- *

010 20 3 q 0 60 7 04

40
AGE

levels in the teenage years. This relationship persists
when individual populations are examined and when
analyses are based on individual years of age rather
than the broad age groups used in this paper.'9 A
similar relationship has been noted in other investiga-
tions.18

Comparison with Other Studies

The aggregated LRC cholesterol levels are con-
sistently lower than those found in previous surveys of
the US populations. For example, comparisons of the
LRC plasma cholesterol levels of adults with the
serum cholesterol levels reported by the National

FIGURE 7. Plasma cholesterol and
triglyceride for white rnales and.females not
taking sex hormones, median values for 5-
year age groups, LRC Program Prevalence
Study Visit 1.
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FIGURE 8. Cholesterol for white males, mean values for
10-year age groups, for NCHS* for 1960-62 and 1971-74
and LRC Program Prevalence Study Visit 1. Source: *Adv
Data 5: 1-7, February 22, 1977. From Vital & Health
Statistics of the National Center for Health Statistics, US
DHEW.

Center for Health Statistics for 1960-1962 and
1971-1974 (fig. 8) show that LRC values are con-

sistently lower, even when a 3% plasma-serum
difference is considered.20

In contrast, the triglyceride distributions show
values that are considerably higher than those
generally believed to be present in the North
American populations. For example, ninety-fifth per-
centiles for males ages 30 years and above range

between 250-300 mg/dl, in contrast to the values of
150-200 mg/dl commonly used.7 Whether these
differences are a function of laboratory procedures,
sampling methods, the aggregation of diverse pop-
ulations, or actually represent a shift in the population
distributions, is not yet known.
The primary purpose of this paper is to provide a

baseline of descriptive data, both for the information
it provides directly and as a preparation for subse-
quent publications. The plasma lipid and lipoprotein
distributions and related data from the LRC
Prevalence Study are significant for several reasons.
The wide range of sociodemographic subgroups
provides a broad basis for investigating relationships
among these groups, with respect to both lipid and
lipoprotein levels and to the associations of these fac-
tors with other risk factors for CHD.
The large numbers of participants in most sub-

groups permit such investigations to be unusually de-
tailed. Further, the fact that participants were

screened according to common and highly standard-
ized methods facilitates comparisons among the par-
ticipating study populations, and provides a basis for
useful comparisons with other studies. Some aspects,
such as the relationship between sex hormone usage
and lipid levels, have not been previously investigated
on such a large scale. However, certain issues should
be considered carefully in evaluating these data.

Variation Among Populations
Each LRC carried out a standardized survey in a

population selected on criteria other than medical
characteristics; hence, in all but the Johns Hopkins
University/Columbia population, membership was in-
dependent of health status, medical card usage, or
hospitalization. Therefore, each local survey can be
referred to a defined, noninstitutionalized population.

For the purpose of this presentation, the results of
lipid distributions were aggregated across all par-
ticipating clinics. The results are not those which
would necessarily result from a random sample of the
US population.

In fact, there is evidence of considerable interclinic
variation, as shown by the highest and lowest clinic-
specific median values shown in figures 1-6. The range
of the cholesterol median values among the clinics is
large and different for different age-race-sex groups; it
reaches 18 mg/dl for white males ages 40-49 years
and 24 mg/dl for females ages 50-59 years not taking
hormones. The range of clinic-specific median values
for triglycerides is even greater, being as much as 40
mg/dl for some of the subgroups.
The observed interclinic difference may be at-

tributed in part to sampling variation. It could also be
due to clinic differences in the distribution of lipid-
influencing factors such as genetic, dietary, be-
havioral, and comorbidity characteristics. The point
to be emphasized is that the summary information, in-
cluding means, medians and percentiles, does not
represent fixed biologic attributes; rather, it is highly
influenced by a large set of both known and unknown
genetic and environmental factors. Therefore, the
aggregated LRC lipid distributions presented here
should not be used as fixed reference values, but as the
combined results of contemporary surveys of a diverse
set of populations. The lipid data are also presented as
the baseline for descriptive and analytic epidemiologic
LRC studies to be reported subsequently.

Cross-sectional Data

These data are cross-sectional, and the cholesterol
and triglyceride values are from samples of birth
cohorts drawn from the several populations. Each of
these defined populations is a biological unit, with
definite limits to the variation that may occur in that
population. Therefore, the relationships of lipid levels
and age are likely to be a combination of actual
changes with age, selective survival or participation,
and cohort effects.

Response Rates

More than 60,000 subjects were examined at visit 1,
with an overall response rate of 74%; however, there
was substantial variation in response rates for each
age, race, sex, and clinic subgroup. Although it com-
pares favorably to several large-scale, population-
based studies, participation should be taken into ac-
count when considering the validity of the results. It is
also pertinent that over 90% of all participants

437

 by guest on July 24, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


VOL 60, No 2, AUGUST 1979

screened had fasted for 12 hours or longer. This report
includes data only for those fasting 12 hours or more.

Bias Considerations

A possible bias in these data is selective mortality,
which is a potential flaw common to all cross-sec-
tional surveys. (If plasma lipid levels are associated
with increased mortality, spuriously lower population
values of plasma lipids could be obtained in a cross-
sectional examination of survivors.) The magnitude of
such bias, if present, cannot be readily ascertained.
A second source of potential bias is selective

response, if factors associated with response are also
determinants of lipid levels. Differential response rates
by clinic are shown in table 1. Variations in response
by age are discernible within clinics, with lower than
average response rates in 20-25-year-olds and in those
older than 75 years. In two clinics, response is also in-
fluenced by sex. Each of these characteristics is found
to influence plasma lipid values in the LRC data and is
controlled for in the analysis.
Some degree of bias cannot be ruled out if the

response is less than complete, which is the
characteristic common to population-based survey
research. To estimate the magnitude of this potential
bias is, however, speculative, since the attributes of the
nonresponders are unmeasured. Short of recalling
nonresponders, estimation of possible response bias
remains inconclusive. While we cannot be certain the
plasma lipid levels were the same in examined and
nonexamined eligibles, there is no obvious reason to
suspect differences in each age, sex and clinic group.

The Lipid Laboratories

Measurements of cholesterol and triglyceride levels
were made by lipid laboratories located at each LRC.
Further, five of the clinics, Baylor, Johns Hopkins, La
Jolla, Seattle, and Stanford, which started a year
earlier than the others, used the AutoAnalyzer I
system. The other clinics used the AutoAnalyzer II
system, since it was available by the time they started
screening. The AA-LI system represented a con-
siderable advance in the speed and ease of operation
and in the precision of results. The first five clinics
used the AA-I system throughout the study to main-
tain intraclinic comparability.

Plasma vs Serum

The LRC Prevalence Study evaluated plasma
cholesterol and triglyceride, in contrast to most
previous studies, which used serum. Plasma deter-
minations were used at visit 1 in order to maintain in-
trastudy comparability, since the measurements of
lipoproteins at visit 2 required plasma. A related study
indicated that values for serum average about 3%
higher than corresponding plasma values.'4 This
difference must be noted when LRC results are com-
pared with those of other studies.

Other LRC Investigations

The determinants of the distributions of plasma
lipids include the composite effect of a variety of en-
vironmental and genetic traits. More detailed in-
vestigations of the effects of the different individual
factors and their interactions are in progress. Specific
factors being investigated are behavioral char-
acteristics such as diet and exercise, social char-
acteristics that are reflective of lifestyles, obesity and
physique, drug usage, and familial and genetic traits.
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*George Washington University, Washington, D.C.

Director: John LaRosa, M.D.

Johns Hopkins University, Baltimore, Maryland

Director: Peter Kwiterovich, M.D.

Oklahoma Medical Research Foundation,

Oklahoma City, Oklahoma
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Stanford University, Palo Alto, California
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University of California at San Diego, La Jolla, California

Director: Fred Mattson, Ph.D.
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University of Cincinnati, Cincinnati, Ohio

Director: Charles Glueck, M.D.

University of Iowa, Iowa City, Iowa

Director: Francois Abboud, M.D.
Past Director: William Connor, M.D.

University of Minnesota, Minneapolis, Minnesota

Director: Ivan D. Frantz, Jr., M.D.

University of Toronto and McMaster University
at Toronto and Hamilton, respectively, Ontario, Canada

Director: J. Alick Little, M.D.
Co-directors: Maurice Mishkel, M.D., and George Steiner, M.D.

University of Washington, Seattle, Washington
Director: Robert Knopp, M.D.
Past Directors: Edward Bierman, M.D., William Hazzard, M.D.

*Washington University, St. Louis, Missouri

Director: Gustav Schonfeld, M.D.
Past Director: Robert Shank, M.D.

USSR Clinics

All-Union Cardiological Research Center, Moscow

Director: Elena Gerasimova, M.D.

Institute of Experimental Medicine, Leningrad
Director: Anatoli Klimov, M.D.

Israeli Clinic

Hadassah Medical School and Hebrew University, Jerusalem

Director: Yechezkiel Stein, M.D.
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Central Clinical Chemistry Laboratory
Bio-Science Laboratories, Van Nuys, California

Director: Frank Ibbott, Ph.D.

Past Director: Donald Wybenga, B.M.

Central Electrocardiographic Laboratory
University of Alabama, Birmingham, Alabama

Director: L. Thomas Sheffield, M.D.

Central Patient Registry and Coordinating Center

University of North Carolina, Chapel Hill, North Carolina

Director: 0. Dale Williams, Ph.D.
Past Director: James E. Grizzle, Ph.D.

*Drug Supply and Distribution Center

Mead Johnson, Evansville, Indiana

Director: John Boenigk, Ph.D.

Lipid Standardization Laboratory
Center for Disease Control, Atlanta, Georgia
Director: Gerald Cooper, M.D., Ph.D.

Nutrition Coding Center
University of Minnesota, Minneapolis, Minnesota

Director: P. Victor Grambsch

Program Office

Lipid Metabolism Branch, National Heart, Lung, and Blood

Institute

Chief: Basil Rifkind, M.D.

Past Chief: Robert Levy, M.D.

Past Prevalence Study Coordinators: Gary Fisher, M.D.,

Barry Greenberg, M.D.,

Robin Harris, M.P.H.

LRC Epidemiology Committee

Chairperson: H.A. Tyroler, M.D.

Paul Anderson, Ph.D.; Elizabeth Barrett-Connor, M.D.; Mary
Brockway, Ph.D.; Gary Chase, Ph.D.; Bobbe Christensen,

Ph.D.; Michael Criqui, M.D.; Michael Davies, M.D.; Alex-

ander Deev, Ph.D.; Ido deGroot, M.PH.; Manning Feinleib,

M.D.; Marian Fisher, Ph.D.; Igor Glasunov, M.D.; Gaetan

Godin, M.S.; S.T. Halfon, M.D.; Robin Harris, M.P.H.;
William Haskell, Ph.D.; Gerardo Heiss, M.D., Ph.D.; David

Hewitt, M.A.; Judith Hill, MS.; Joanne Hoover, M.D.; David
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