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The Ser,,,-Stop polymorphism of lipoprotein lipase (LPL) has been associated with altered high-density lipoprotein-choles-
terol (HDL-C) and triglyceride (TG) levels at individual measurements, but nothing is known of its associations with lipid
profiles derived from serial measurements. We used multilevel statistical models to study effects of this polymorphism on
longitudinal lipid profiles in 1,006 Bogalusa Heart Study subjects examined 4 to 9 times between the ages of 4 and 38 years.
Stop,, allele frequencies in African Americans (0.053 = 0.011) and whites (0.091 + 0.009) differed significantly (x> = 7.595,
1 df, P = .006; Stop,,, homozygotes and heterozygotes combined). Overall, TG levels were lower and HDL-C levels higher in
blacks than in whites of the same age and sex. Longitudinal TG profiles were lower in Stop,,, carriers at all ages. However,
longitudinal HDL-C profiles differed among genotype groups with age: the Stop,,, allele was associated with higher HDL-C
only in subjects above approximately 10 years of age. Genotype-specific HDL-C profiles also differed significantly among
race/sex groups. Thus, we found evidence of LPL genotype effects that vary within individuals with age. Possible mecha-
nisms, which could account for age-related changes in the effects of LPL variants, are discussed.
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S THE MAJOR ENZYME involved in the hydrolysis of LPL associated with each isoform are taken into accéunt.
triglycerides (TG) in very—low-density lipoproteins Studies associating this polymorphism with altered plasma
(VLDL) and chylomicrons, lipoprotein lipase (LPL) plays an lipid levels in humans have also yielded conflicting results.
important role in postprandial lipid metabolism and the forma- However, a recent meta-analysis combining results from 8
tion of low-density (LDL) and high-density (HDL) lipopro- studies concluded that tr8top,,, allele was associated with
teins? In addition to its catalytic function, it also appears to small, but statistically significant decreases, in plasma TG and
modulate binding of lipoproteins to certain receptofs. increases in HDL-cholesterol (HDL-&) supporting the con-
Several variants of the LPL gene on chromosome 8p22 havélusions of an earlier revied#

been associated with altered plasma lipid levels or with athero- While the overall evidence supports an association of the
sclerotic disease2t One that has received particular attention StoR.47 allele of LPL with beneficial plasma lipid profiles, the
is the Ser,,~Stoppolymorphism, in which a C-to-G transver- inconsistent results among studies suggest that factors, which have
sion in exon 9 shortens the protein by 2 amino aéfds.The varied among them, may influencg the effects o_f this allele. For
carboxy-terminalSer-Gly dipeptide of wild-type human LPL gxample, age distributions of subje(_:ts havg varied among stud-
has been found in LPL from mice, guinea pigs, and COWS’les?Z-Z“and age may af'fec_t LPqunct_lon_._SerlaI plasma lipid level
suggesting that it may be functionally significantin vitro ~ Measurements within subjects are significantly correktéebut
studies comparing the lipolytic activity of the full-length and changg with age. Genet.|c \./a.mants C‘?“‘”b“t'”g to plasma I'P'd
truncated variants have produced mixed resdlits;8although level dn‘fergngeg among mdmdugls mlght. also pontrlbutg o d'ff
the difference in catalytic activity may be minor when the fe_r_ences W|th|n !ndlwduals over time. We investigated this possi-
relative proportions of inactive monomeric and active dimeric b|||_ty by examining _the effects of_the LPEg;W-_Stoppolymor-
phism on longitudinal serum lipid profiles in a sample of
individuals examined 4 or more times during a 24-year period in
the Bogalusa Heart Study and found evidence that the association
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pants gave their informed consent at each examination. For subjectshere x,; are measured independent variabfggare parameters to be

under 18 years of age, consent of a parent was obtained. estimated, andyris the level 1 residual error, assumed to be normally
distributed. The next level of the hierarchy arises from the fact that the
Examinations parameters describing the trajectory of individual measurements across

time within each individual can vary among individuals. Thus, for the

All examinations were conducted by trained examiners following parametersg,, in the above model, let

detailed protocols published previoughteight was measured to the
nearest 0.1 cm and weight to the nearest 0.1 kg; body mass index (BMI)
was calculated as weight divided by squared height in meters tkg/m

In subjects examined before adulthood, sexual maturity was assessed
using Tanner’s classification of breast and genital maté?i§ubjects

were instructed to fast for 12 hours before examination; compliance
was assessed by interview at the examination. Blood was collected by
antecubital venipuncture and allowed to clot; serum was collected aftewhere z,,, are level 2 explanatory variables,,, are the associated
centrifugation and stored at 4°C until analysis, which usually occurredparameters, angi,; are residuals for eac parameter. Substituting

Boj = Yoo T YouZy T - - T YonZm + Mo
By = Yot YuZy T - T YinZm My

Bhi = Yho T YmZy T - o T Vonkmp T Kajs

the following day. these expressions for tigzparameters in the level 1 model yields the
complete multilevel model.
Laboratory Analyses Models were fit using several different level 1 (between-measure-

F 1973 to 1986 total cholesterol and TG ent) covariance structures, including first-order autoregressive, com-
rqm 0 ’ gerum otal cholesterol an . were measureglound symmetric, and conditionally-independent structures. Estimates
chemically on a Technicon AutoAnalyzer Il (Technicon Instrument,

) . o of parameters common to each of these models were quite stable. Use
Tarrytown, NY) following Lipid Research Clinics Program protoc#ls.

After 1986 th 4b : 6dasi of Akaike’s Information Criterio® to compare models indicated that
Abgrtt VP . fse WetreArkr)fat?queb yter_lzym,\?tlcthmceh' HS'TE ag h conditional-independence models fit well. Examination of residual

ot instrumen (. ott Laboratories, Nor icago, IL). Bo correlations, profiles, and time plots also supported the assumption of
chemical and enzymatic procedures met the performance standards ?g

the Linid Standardization P f the Centers for Di c nditional independence of level 1 residuals.
e Lipid Standardization Program of the Centers for Disease Control -y m jikelihood estimates were obtained for all model param-

and Prevention, Atlanta, GA, which has monitored the accuracy andeters, and likelihood ratio tests were used to compare the relative fit of

precision of lipid measuren”_lents from the Bogalusa Hgart Study Iabo'nested models. For testing main effects, we used a significance level of
ratory since 1973. Serum lipoprotein cholesterol fractions were mea-

dbvh in-Car initation followed b = .05; however, because statistical power for tests of interactions is
sured by heparin-t.a precipitation loflowed by agar or agarose ge generally low® and because erroneously omitting interaction effects
electrophoresid? Briefly, the procedures involved (1) precipitation of

. . . . . h . seriously compromises model validity, we adopted a significance level
apolipoprotein (apo) B-containing I|!ooprote|ns using heparii-Ca " of & = .10 for tests of interactions.
reagent; (2) measurement of HDL-C n the supernatant, (3) subtraction Variables considered for inclusion in the models for longitudinal
of HDL-C from total cholesterol to estimate VLDE LDL cholesterol; lipid profiles included race, sex, age, Agegé, age, BMI, BMI2, LPL

and (éfl)deIec{roph:)_reﬂcsepflrahontq: \t/LDhL Iancti LDIL SUbfrﬁCt'E?s atr\d genotype group, maturity level, and interactions among these. Polyno-
use ot densitometric ratios to quantitate cholesterol in each sublracliony,| terms for age were needed because lipid profiles over time are not

as(;jescnk_)eéI;.NA isolated iously d BeGenotyni linear. Indicator variables encoded race, sex, and genotype group, with
enomic was Isolated as previously descri enotyping -1 indicating whites, females, arf8er,,, homozygotes, respectively,

of the LPL Sggnﬁ_tor?p(l)llylmorphl‘sfrn ¥;/as perfqrmed tl:smlg ttJhT Zaq‘t and +1 indicating blacks, males, artop,,, carriers, respectively (in
man assay, In which afleie-Specilic: IUOTogenic probes 1abeled wi hthe presence of multiple interactions, models with indicator variables
different reporter dyes hybridize to the target DNA in a SeqUence-o \ oded this way were more stable numerically than models with

specific manner. The allele-specific probes were 6FAM—TGCTCACC—V : - ) )
ariables encoded as 0 or 1). Two indicator variables with values of
AGCCTGACTTCTTATTCAGA and VIC-TGCTCACCAGCCTCAC- either 0 or 1 encoded 3 levels of sexual maturity based on Tanner’s

TI;I' gg TAT.TCAGA' Theforward an%gé?ii?_?%?g:ii?:gg&i?gzn classificatiort® Prepubertal subjects (Tanner stage 1) formed the ref-
( d A)Agr(I:nTmCrA(SBegzeTr(]scgécvf(;eTCA tively. After PCR i erence group; adolescents (stages 2, 3, or 4), the second group; and
an » respectively. After ampl - aduits (stage 5), the third. All subjects above age 18 were classed as

fication, the increase [n ﬂuorescgnt intensity of the reportelj dyes Was yits. Age and BMI values were adjusted by subtracting the means for
detected by an end-point read using an ABI 7700 (Applied Biosystems he first examination (age 9.45 years; BMI= 17.649 kg/iR), since

Foster City, CA). Genotype was determined by automated analysis O%he model intercept parameter represents the expected value of the
the fluorescent signals.

dependent variable when all covariate values equal 0, and age and BMI

o values of 0 are meaningless. In the multilevel models and all statistical

Statistical Analyses tests of TG levels, values were transformed by taking natural loga-
Multilevel models were used to analyze genotype effects on thefithms (Ln TG). Multilevel models were analyzed using Proc Mixed

patterns of individual change in lipid levels over tiffé7 Such models ~ from the SAS program packatieand MLwiN.2 Allele frequencies

partition phenotypic variation between nested levels of analysis. Thevere estimated by gene counting.

current analyses distinguished 2 levels, the first comprising variances

among multiple observations within individuals, the second, variances RESULTS

among observations of separate individuals. Multilevel models can Of 1,006 eligible subjects, 296 (29.4%) were black, a pro-

j havi iffi f Il . . . . .
accommodate subjects having different numbers of unequally SpaCedortlon nearly identical to that in the general population of

measurements and permit specification and/or testing of the covarianéje | 3 . f | d f les did diff
structure among repeated measuremgnts. Bogalusat3 Proportions of males and females did not differ

Let h independent variables at level 1 predict phenotype measureSignificantly between blacks and whiteg’ (= .001, 1dfip =
ments at timé within individual j. Then, .980); 44.6% of black subjects and 44.5% of white subjects
were males. Examination counts, overall and within race/sex
Vi = Bo + ByXaj + ..+ BrXuj + Iy, groups, are shown in Table 1. Most subjects were examined
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Table 1. Number of Times Subjects Examined by Race/Sex Group HDL-C and lower mean TG than whites. In blacks, HDL-C and
No. of Black Black White  White TG levels in males and females were similar at each examina-
Examinations Females ~ Males  Females  Males  Total tion, but in whites, males showed lower mean HDL-C than
2 1 0 1 1 3 females at all but the first examination, consistent with previous

3 3 2 9 1 15 observations of a greater drop in HDL-C levels at puberty in

4 24 22 90 88 224 white malest4 T-C and LDL-C patterns among race/sex groups

5 44 46 99 69 258 were less marked; only after the fifth examination did point

6 51 33 9% 83 262 estimates of mean T-C in white males exceed those in white

; f? 2; ;; ‘212 152 females, and t_he_ differ_ences were not statistically signifi_cant;

9 ; ; o 0 ) for LDL-C, a similar shift occurred at the fourth examination.
Subjects 164 132 394 316 1,006 Among blacks, point estimates of mean T-C and LDL-C were
Examinations 933 734 2183 1,747 5,597 at least slightly higher in females, except at examinations 5

(T-C) and 8 (both lipids).
LPL Ser,,~Stop genotype distributions (Table) 4vere in

either 4, 5, or 6 times (22.3%, 25.7%, and 26.0%, respectively):_ja:rdg'df\q/)e :nt:je\:\?hﬁg:;;zbiulm 427big;_tgajk§22( 6:) (:)Sto;ffler?afd

Because of incomplete data, records of only 2 or 3 examina;

tions were available for 18 subjects (1.8%). With those exam_between them * = 7.595, 1df, P = .006, with Stop,,;

ined either 2 or 3 times combined in 1 group and those exam-ho_mOZngtes and h_etero_zygotes grouped), $m4_7 allele
ined either 8 or 9 times in another, examination frequencieé)elng more frequent in whites (0.08810.0076) than in blacks
differed significantly among race/sex groupg & 26.311, 15 (0.0525= 9'0092)' BecausBtop,,, homozygotes were rare (3
df; P = .035). The major departures from expected frequencie@MONg Whites, none among blacks), homozygotes were com-
occurred among those examined 4 times or fewer, with more?Ned With heterozygotes for analyses of the polymorphism’s
white males and fewer black males and black females thaR€notypic effects; omitting homozygotes from the analyses
expected. Examination frequencies did not differ significantlydid not materially affect the results (data not shown).
between males and females among blagis= 3.314, 5 df; In the multilevel analyses, LPBer,-Stopgenotype group
P = .652) or whites {2 = 8.888; 5df; P = .114). was significant only for Ln TG and HDL-C profiles. Parameter
Individuals entered the study at different times and at differ-Stimates from the best-fitting models for these lipids are
ent ages; age at first examination ranged from 4.0 to 19.5 year§hown in Tables 5 (Ln TG) and 6 (HDL-C). With each model,
Over all examinations, age distributions differed significantly the fixed effects parameters, taken together, yield expected
among race/sex groups, with slightly higher proportions oflipid profiles for individuals having a given set of covariate
blacks in younger age groups and whites in older ones (Tabl¥alues. Longitudinal multilevel models partition the variance of
2; x¥* = 39.54, 18df; P = .002). Overall, 733 examinations the dependent variable into within-subject and between-sub-
(13.1%) were of children less than 10 years old; 2,476 (44.2%)€cts components: the between-subjects (level 2) parameters
were of subjects 10 to 18 years old; 1,903 (34%) were oféstimate variances and covariances among measurements of
subjects 19 to 30 years old; and 485 (8.7%) were of subjects 3different individuals, while the within-subjects (level 1) param-
to 38 years old. eters estimate the variance among multiple measurements of
Means and standard deviations for age, BMI, total cholesthe same individual. More than half of the variance in both
terol (T-C), HDL-C, LDL-cholesterol (LDL-C), and TG are lipids was attributable to variation within individuals over time:
shown in Table 3 for race/sex groups by examination numberthe proportion of variance at level 1 was 0.530 for Ln TG and
Mean age differed significantly among race/sex groups at al0.537 for HDL-C. For both lipids, between-subject variance
except the seventh examination, tending to be highest for whitavas not constant, but was a function of both age and BMI.
males and lowest for black females. Significant divergence of Plots of means for race, sex, and 5-year age groups showed
BMI among race/sex groups emerged at the second examinaronlinear longitudinal profiles for both TG (Fig 1) and HDL-C
tion and persisted thereafter, generally being highest in blackFig 2) and suggested that complex interactions involving race,
females. Through 7 examinations, blacks had higher measex, and age influence the profiles of both lipids. Race, sex,

Table 2. Distribution of Ages of Subjects When Examined by Race/Sex Group

Black Females Black Males White Females White Males Total

Age No. % No. % No. % No. % No. %

4-8 101 10.8 73 10.0 231 10.6 136 7.8 541 9.7

9-13 233 25.0 171 23.3 493 22.6 375 21.5 1,272 22.7
14-18 240 25.7 200 27.2 503 23.0 453 25.9 1,396 24.9
19-23 144 15.4 119 16.2 367 16.8 273 15.6 903 16.1
24-28 117 12.5 82 11.2 323 14.8 252 14.4 774 13.8
29-33 64 6.9 55 7.5 151 6.9 161 9.2 431 7.7
34-38 34 3.6 34 4.6 115 5.3 97 5.6 280 5.0

Total 933 734 2,183 1,747 5,597
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Table 3. Descriptive Statistics Within Race/Sex Groups by Examination
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Black Females Black Males White Females White Males
Examination No. Mean SD Mean SD Mean SD Mean SD
1 Age* 8.8 2.8 9.2 3.0 9.4 3.4 9.9 3.2
BMI 17.7 4.0 17.3 3.4 17.6 3.3 17.9 3.5
T-C* 170.3 32.1 165.0 275 162.7 28.1 158.7 28.3
HDL-C* 70.3 23.2 69.9 19.1 62.5 20.5 64.7 19.2
LDL-C* 93.0 23.6 88.2 22.8 91.56 26.4 86.3 25.0
TG* 62.7 22.7 59.2 27.0 76.7 45.2 70.0 35.8
n =164 n =132 = 394 n = 316
2 Age* 12.0 3.4 12.3 3.2 12.6 4.0 13.2 3.6
BMI* 20.3 5.0 19.2 4.3 19.0 3.9 20.0 4.3
T-C* 163.9 29.5 154.8 26.5 157.2 27.3 148.0 25.1
HDL-C* 65.4 18.4 64.0 19.0 58.7 17.4 55.6 18.2
LDL-C* 91.3 235 83.9 225 90.8 27.8 84.4 23.1
TG* 62.4 26.0 59.1 22.3 74.3 36.8 72,5 35.5
n = 164 n =132 = 394 n = 316
3 Age* 15.2 4.4 15.5 4.3 16.2 4.9 16.9 4.9
BMI* 22.6 5.9 21.5 5.2 20.8 4.4 22.2 4.8
T-C* 167.0 31.1 161.7 30.9 165.9 31.5 160.2 31.0
HDL-C* 58.9 18.4 58.0 17.6 56.5 17.5 50.8 18.6
LDL-C 98.8 24.9 95.1 29.8 99.3 30.0 99.1 27.6
TG* 67.6 324 65.6 34.7 81.8 42.0 83.0 42.9
n =163 n =132 = 393 n = 315
4 Age* 19.2 5.1 20.5 5.7 20.8 5.8 21.9 6.0
BMI* 24.8 6.5 241 6.3 22.7 5.2 24.5 5.0
T-C 169.0 29.7 167.9 35.7 172.6 35.2 167.7 37.1
HDL-C* 59.8 18.4 57.8 19.1 53.4 18.4 46.5 15.8
LDL-C* 100.0 26.1 98.9 33.0 105.7 33.7 107.3 34.1
TG* 69.6 29.2 83.7 67.5 95.4 49.3 100.5 60.8
n = 160 n =130 = 384 n =314
5 Age* 22.7 5.4 24.0 6.1 23.6 4.7 24.4 5.3
BMI* 26.9 7.7 254 6.3 23.6 5.4 25.7 4.9
T-C 175.7 33.3 176.3 38.4 178.2 36.1 175.5 36.0
HDL-C* 56.9 15.9 55.0 171 51.7 15.7 43.7 13.0
LDL-C 109.7 31.2 106.9 34.4 112.0 334 116.1 31.2
TG* 76.1 335 96.0 98.8 102.4 58.5 114.5 74.8
n =136 n =108 = 293 n = 226
6 Age* 26.4 4.4 26.5 5.3 27.7 4.8 27.8 4.5
BMI* 28.0 7.2 25.9 6.5 23.9 5.1 26.6 4.9
T-C 187.0 35.2 183.4 45.9 185.2 36.1 189.2 39.1
HDL-C* 58.3 16.1 57.8 20.5 53.2 13.9 44.8 12.9
LDL-C 118.9 33.0 113.4 435 116.4 31.7 124.0 34.5
TG* 82.2 36.6 84.8 48.1 108.3 105.8 130.8 103.7
n =92 n = 62 = 195 n = 157
7 Age 29.7 4.2 29.1 4.2 30.6 3.5 30.6 3.7
BMI* 30.2 7.8 26.9 5.6 245 5.9 27.6 5.0
T-C 189.1 33.3 179.1 37.6 187.2 30.9 198.1 44.1
HDL-C* 55.0 16.6 57.5 20.5 53.9 13.0 44.3 9.8
LDL-C* 122.2 30.4 108.9 334 115.9 29.8 130.4 34.4
TG* 81.6 36.5 95.1 60.1 107.3 63.4 137.9 105.8
n=41 n =29 =100 n=74
8 Age* 31.8 2.6 32.3 3.7 34.7 1.9 34.5 2.2
BMI* 29.9 8.4 31.4 7.7 24.8 5.1 28.0 4.3
T-C 194.3 33.0 195.0 72.4 197.8 33.8 210.3 46.6
HDL-C* 57.5 17.4 44.5 15.6 54.4 12.8 41.0 12.0
LDL-C 117.2 17.6 136.1 67.9 123.3 31.8 140.1 37.3
TG 114.9 88.8 101.9 44.3 118.2 76.8 208.4 254.5
n=12 n=38 =29 n =29

NOTE. Age given in years.
Abbreviations: BMI, body mass index (kg/m?); T-C, total cholesterol (mg/dL); HDL-C, high-density lipoprotein-cholesterol (mg/dL); LDL-C,
low-density lipoprotein-cholesterol (mg/dL); TG, triglycerides (mg/dL).

*Significant difference among race/sex groups at a« = .05, adjusted for pairwise comparisons.
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Table 4. LPL Ser,,,-Stop Genotypes by Race

HALLMAN ET AL

Table 6. Best Model for Longitudinal HDL-C Profiles

Genotype Blacks Whites Parameter Estimate SE
C/C 265 590 Fixed Effects Intercept 66.07129* .87525
C/G 31 117 Race 2.58871* 84435
G/G 0 3 Sex 01105  .84510
NOTE. G denotes the Stop,,, allele. BMI (kg/m?) —1.27702% 11704
BMI? .02403* .00427
Age (yr) .05098  .14798
BMI, BMI 2, sexual maturity (adults prepubertal children and 22:2 7';;‘%2: '85?32
adolescents combined), age, ggand agé as well as LPL Age? _.00027% 00004
genotype group, were all significantly associated with Ln TG Race X sex _ 55607 83228
profiles (Table 5). However, while several significant interac- Race X age 17578  .11086
tions involving race, sex, BMI, and age were found, none Sex X age —.10088  .09947
involved LPL genotype. Although mean TG levels within ge- Sex X race X age .18164* .04533
notype groups appear to diverge after age 30 in 3 of 4 race/sex Sex X age? .00643* .00314
groups and although the direction of the genotype/phenotype Race x age” 01153 .01190
association appears to be reversed in black females over age 30 Race x age® —00072% .00035
(Fig 1), these effects are not statistically significant, possibly Sex X BMI 32204711615
. ) Sex X BMI? .00794t .00424
bec_ause relatl\{ely fevBtop,,, carriers over age 30 were -€x S0Py, 31465 85100
amined, especially among blacks (Table 7). Thus, the results Stop,,, % age 99367* 09367
from the multilevel model indicate that an overall association StOpaay X age? ~.00922* 00383
of the Stop,,-, allele with lower TG profiles is similar among Stop., X race ~.19077  .83296
race/sex groups and does not change significantly with age, as Stop,,, X sex .03238  .83141
shown by the predicted profiles (dashed lines) in Fig 1. To Stop,,, X race X sex —.05243  .83129
further assess genotype effects on TG levels at different ages, Stop,s; X age X sex 03842 .04519
we adjusted Ln TG for race, sex, BMI, and B¥Mthen com- Stopas; X age X race 03165 .04537
pared genotypes within 5-year age groups (retaining only 1 Stopsq; X age X race X sex  .10579% 04507
Between-subjects Intercept 614.01440
BMI 0.09141
Table 5. Best Model for Longitudinal Ln TG Profiles Age 0.07198
Parameter Estimate SE Intercept/BMI —2.09728
Intercept/age —2.42629
Fixed effects Intercept 4.04505* .01478 BMl/age —0.05687
Race —.07911% -01093 Within-subjects Intercept 182.00970
Sex —.03377* .01138
Adult —.05133* 01711 NOTE. Variable coding: Race, —1 = white; sex, —1 = female; geno-
BMI (kg/m?) .03980* 00293 type group, —1 = Ser,,, homozygote, 1 = Stop,,, carrier.
BMI2 00064* 00018 *P < .05; 1.05 < P < .10.
Age (yr) —.00775% .00311
Age? .00150% .00028
Age® —.00004* .00001 observation/individual/age group to ensure independence
Stopas; —.05073* .01291 among observations). Thetop,,-, allele was associated with
Race X sex -00200 01092 significantly lower Ln TG in all age groups (data not shown).
Race X age -00286* 00118 HDL-C levels tended to decline during adolescence, espe-
Sex x age 00154 00208 cially in white males (Fig 2). The best multilevel model for
:25 : af:(; X sex :ggggz* :gg;;g HDL-C profiles (Table §) was markedly more complt_ax than
Race X BMI — 01173* 00192 that for Ln TG; exponential age terms through ‘agere either
Sex X BMI 100484% 00195 themselves significant or interacted significantly with race, sex,
BMI X age .00058* 100022 or LPL genotype. Three interactions involving LPL genotype
BMI X race X sex —.00542* 00190 group were significant: 2-way interactions of genotype with age
Botweon-subjects Intercept 05326 ar_1d genotype with ageand a 4-way interaction of genotype_
BMI 00022 with age, race, and sex. In all race/sex groups except white
Age 00014 males, point estimates of mean HDL-C among those 4 to 8
Intercept/BMI _ years of age were lower iistop,,, carriers than inSer,,,
Intercept/Age - homozygotes (Fig 2). Among white males 4 to 8 years of age,
BMI/Age - mean HDL-C inStop,,, carriers (65.68- 15.51 mg/dL, n=
Within-subjects Intercept .09951 31) was slightly, but not significantly, higher than 8er,,,

NOTE. Variable coding: Race, —1 = white; sex, —1 = female; geno-

type group, —1 = Ser,,, homozygote; 1 = Stop,,, carrier.

*P < .05.

homozygotes (61.93 19.21 mg/dL, n= 104). Among white
females and blacks, however, mean HDL-CSitop,,, carriers
increased sharply during adolescence, whil8ém,,, homozy
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Fig 1. TG profiles for LPL genotype groups by race and sex. m, observed mean profiles, Ser,,, homozygotes; A, observed mean profiles,
Stop,,, homozygotes and heterozygotes; [], predicted profiles, Ser,,, homozygotes; A, predicted profiles, Stop,,, homozygotes and heterozy-
gotes. Observed profiles based on means of the age groups: 4 to 8, 9 to 13, 14 to 18, 19 to 23, 24 to 28, 29 to 33, and 34 to 38 years. Predicted
values based on the model shown in Table 5, setting age at the midpoint of each interval and using race/sex-specific mean BMI values within
each age group.

gotes, it either declined (in both black and white females) or Thus, while LPLSer,,-Stopgenotype affected both TG and
increased less sharply (in black males). The relatively severélDL-C levels, its effect on their longitudinal profiles differed:
decline in HDL-C levels that began during adolescence insignificant genotype-by-age interactions occurred only with
white males affected both genotype groups; at 19 to 23 years dfiIDL-C. The Stop,,, allele was not associated with higher
age, mean HDL-C was nearly identical $er,,- homozygotes HDL-C levels in subjects under approximately 10 years of age,
(44.32+ 14.87 mg/dL, n= 196) andStop,,- carriers (43.98¢ and overall, its subsequent association with higher HDL-C
15.09 mg/dL, n= 49). For white males in all other age groups, levels appeared to diminish after approximately age 30. In
mean HDL-C inStop,,, carriers was slightly higher, but the contrast, the association of ti&op,,, allele with lower TG
difference was only significant among those 24 to 28 years oldevels did not change significantly with age.
(Table 8). Mean HDL-C irStop,,- carriers was lower than in
Ser,,,homozygotes among 34- to 38-year-old black females (3
carriers) and among 29- to 33-year-old Black males (4 carriers), DISCUSSION
but the difference was not significant in either case. The Stop,,- allele of LPL has been associated with more
As with TG, we tested genotype effects within 5-year agefavorable HDL-C and/or TG profiles in many stud-
groups after adjusting for race, sex, BMI, and BMietaining  ies10.18.21.45.4§yt not in all22 Our results strongly suggest that
only 1 observation/individual within each age group. The its effects on HDL-C, at least, are modulated by age, even after
Stop,,, allele was associated with significantly higher HDL-C controlling for factors such as race, sex, and BMI. Overall, we
among those 14 to 18(= .001), 19 to 23R = .022), and 24  found theStop,,, allele to be associated with lower serum TG
to 28 (P = .002) years of age; point estimates of mean HDL-C and higher HDL-C; however, the effects of tiger,,-Stop
were higher amon@top,,, carriers in all age groups except 4- polymorphism on HDL-C, but not TG, changed with age. In
to 8-year-olds (data not shown). subjects under approximately 10 years of age, there was evi-
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Fig 2. HDL-C profiles for LPL genotype groups by race and sex. m, observed mean profiles, Ser,,, homozygotes; A, observed mean profiles,
Stop,,, homozygotes and heterozygotes; [], predicted profiles, Ser,,, homozygotes; A, predicted profiles, Stop,,, homozygotes and heterozy-
gotes. Observed profiles based on means of the age groups: 4 to 8, 9 to 13, 14 to 18, 19 to 23, 24 to 28, 29 to 33, and 34 to 38 years. Predicted
values based on the model shown in Table 6, setting age at the midpoint of each interval and using race/sex-specific mean BMI values within

each age group.

Table 7. TG Means and SD (in mg/dL) by Race, Sex, and LPL Genotype Group Within 5-Year Age Groups Including Only
One Observation/Individual/Age Group

Genotype Black Females Black Males White Females White Males
Age Group No. Mean SD No. Mean SD No. Mean SD No. Mean SD
4-8 Ser 70 62.1 20.4* 51 62.4 30.3 161 67.2 28.3 90 67.2 27.8
Stop 12 46.4 14.0 8 56.9 30.7 21 63.1 30.2 26 59.4 26.4
9-13 Sery,, 134 63.5 251t 104 54.9 18.5 286 75.1 35.11 196 69.6 38.0
Stopa,s 16 52.8 225 10 53.6 21.0 42 65.4 28.3 57 63.7 27.7
14-18 Ser,; 135 66.5 28.2 108 64.5 24.9* 282 78.4 33.7% 207 81.4 39.2
Stop,,, 16 73.2 35.4 13 51.5 6.8 45 66.6 34.0 60 75.2 32.9
19-23 Ser 101 76.6 33.4 78 86.3 62.21 230 97.6 44.9* 154 102.5 65.8
Stop 13 74.8 48.2 11 60.3 23.9 36 82.7 55.1 41 99.6 66.1
24-28 Sery,, 94 78.2 34.8t 69 88.7 58.6 248 103.2 54.5 159 119.6 97.2
Stopa,s 11 64.6 36.3 5 71.0 20.1 37 90.5 47.0 53 104.9 51.0
29-33 Ser,; 59 90.1 51.3 50 134.4 133.4* 131 123.4 126.9* 130 136.6 101.8t
Stop,,, 4 117.8 43.2 4 83.0 11.2 20 79.9 28.4 29 104.3 42.8
34-38 Ser 31 83.7 35.4 31 133.8 90.11 99 130.4 78.2 72 153.5 168.2
Stop 3 104.3 50.3 3 61.7 10.8 16 97.0 53.1 25 128.2 83.8

NOTE. Testing difference between genotype groups: *P < .05; 1.05 < P < .10.
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Table 8. HDL-C Means and SD (in mg/dL) by Race, Sex, and LPL Genotype Group Within 5-Year Age Groups Including Only One
Observation/Individual/Age Group

Genotype Black Females Black Males White Females White Males
Age Group No. Mean SD No. Mean SD No. Mean SD No. Mean SD
4-8 Sery,; 70 68.9 24.3 51 67.1 19.3 161 63.2 21.5 90 61.8 17.4
Stop s 12 63.5 17.7 8 63.2 13.2 21 55.8 23.1 26 67.3 13.9
9-13 Ser 134 68.3 221 104 72.0 20.0 286 60.9 18.4 196 65.4 20.9
Stop ., 16 73.0 11.5 10 70.3 22.8 42 63.1 19.3 57 66.7 15.4
14-18 Seryy; 135 62.1 17.8 108 57.5 15.6* 282 56.0 17.4% 207 47.2 16.4
Stopur 16 63.9 18.2 13 66.0 15.1 45 63.9 15.8 60 50.8 14.4
19-23 Sery,; 101 58.2 16.7 78 52.2 18.4* 230 50.3 16.91 154 43.9 14.4
Stop s 13 57.2 17.0 11 62.6 21.4 36 59.0 15.9 41 43.9 15.0
24-28 Seryy; 94 56.8 15.3 69 59.3 20.0* 248 51.5 13.21 159 43.3 11.21
Stop ., 11 60.4 13.9 5 75.0 18.8 37 58.4 15.7 53 47.2 11.7
29-33 Seryy; 59 55.6 15.2 50 55.7 19.2 131 51.6 13.1 130 43.5 10.3
Stop 47 4 57.2 26.7 4 49.0 71 20 56.0 15.6 29 45.7 11.4
34-38 Sery,; 31 50.6 10.7 31 46.7 17.9 99 51.4 13.4 72 43.2 10.3
Stop s 3 45.7 7.1 3 51.3 15.4 16 56.9 17.2 25 43.7 10.9

NOTE. Test of difference between genotype groups: *.05 < P < .10; tP < .05.

dence of lower HDL-C levels itop,,, carriers than irBer,,, ~ enhance binding of TG-rich lipoproteins to endothelial surfaces
homozygotes, although the differences were not statisticallyor to some receptors.

significant. From adolescence onward, however, HDL-C levels Changes in serum lipid and lipoprotein levels with age have
tended to be higher iBtop,,, carriers, although the difference been described both in childr®5and in adult$$57 but the
between genotype groups may decline somewhat after approxcauses are not well understood. Hormonal changes are likely
imately age 30. involved in some phases, as when T-C and HDL-C levels begin

The associations dber,,, and Stop,,, alleles with HDL-C  to decline at pubert§#55.58put it is less obvious why T-C and,
levels during and after adolescence appear to differ amongspecially, LDL-C levels begin to increse after about age 20,
race/sex groups more in magnitude than in direction. Theparticularly in men, or why peak levels occur between ages 50
appearance of reversed allelic associations in blacks over age 60 years in men and 60 to 70 years in worR@¥. That age
30 (Fig 2) may well be due to chance, given the small numbemay influence the effects of LPL on plasma lipid levels was
of black Stop, ,, carriers older than age 30 in our sample. In the demonstrated in 29 members of 1 pedigree, who were heterozy-
Bogalusa population, the frequency of tBéop,,, allele was  gous for LPL deficiency and had mean adipose tissue LPL
significantly lower in blacks (0.053 0.011) than in whites activity levels only 50% of normal. While 14 of 17 heterozy-
(0.091+ 0.009). Among blacks of Caribbean and West African gotes under age 40 had plasma TG levels below the 90th
descent living in London, a similar frequency of tB&op,,- percentile for the population, 10 of 12 over age 40 had levels
allele (0.060) has been report&dThe frequency among Bo- above this; in addition, 7 (58%) of the older carriers had
galusa whites was within the range reported for other CaucaHDL-C levels below the 5th percentile, compared with 4
sian populationg247-51 (23.5%) of the younger onés.

Functional differences between the LPL isoforms, which The relationship between th&top,, allele and serum
might account for their effects on plasma HDL-C and TG levelsHDL-C levels appeared to change around the time of puberty,
at any age, have not been satisfactorily elucidated. Differensuggesting that factors related to postpubertal growth and de-
studies have reported the lipolytic activity in vitro of the velopment may affect the LPL isoforms differently. In humans,
truncated variant to be lower thanl” higher thark® or no growth hormone inhibits LPL activity in adipose tissue, but not
different thaA3.18that of the full-length form. However, it has in skeletal muscle, suggesting that it would have minor effects,
been suggested that there is little or no difference in theirif any, on plasma TG and HDL-C levet8 However, hormone
specific activities when the relative proportions of inactive replacement therapy in patients with adult growth hormone
monomeric and active dimeric LPL associated with each iso-deficiency increases both production and catabolism of VLDL
form are consideret? Activity of the truncated isoform may apo B, and lowers plasma T-C and LDL-C levels and the ratio
vary substantially with different substrates, suggesting that thef VLDL-C to VLDL apo B.51 During periods of rapid growth,
mutation may affect substrate recognitiénAspects of LPL  higher growth hormone levels might affect the function of the
biology apart from its catalytic activity may influence its effects full-length and truncated LPL isoforms differently. Effects of
on serum lipids, however, as suggested by the finding that somgrowth hormone on plasma lipids may not be confined to the
LPL haplotypes associated with higher catalytic activity in young; in healthy adults over age 65, growth hormone secretion
vitro are not associated with altered lipid levels in vRzdn has been associated negatively with T-C and LDL-C levels,
vitro, the Stop,,, allele enhances secretion of the inactive positively with HDL-C levels in women, and negatively with
monomet7:19 if this also holds true in vivo, the observation TG levels in merf2 In addition, the effects of synthetic growth
that most lipoprotein-associated LPL is monom@&guggests hormone-releasing peptides reportedly vary with &ge.
the possibility that an excess of the truncated monomers might Evidence for decreasing LP&er,,-Stopgenotype associa
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tions with HDL-C levels after age 30 in our sample was with the LDL receptor might be reduced as receptor function
somewhat ambiguous, but suggests that age-related changesdaclines with age.

LPL function may also occur after sexual maturation and, in How genetic variation may influence phenotypic variation
women, before menopause. Even in adults, some aspects abt only among individuals, but within individuals over time, is
lipid metabolism vary with age. Postheparin LPL activity is only beginning to be studied. We have found evidence that the
reportedly lower in older subjec®s.Increased postprandial Ser,,-Stoppolymorphism of LPL has effects on serum HDL-C
triglyceridemia in older subject$%> may reflect slower clear- levels that change over the period from childhood through
ance of intestinally-derived lipoprotefifsdue, in part, to de- adolescence and approaching middle age, and we have dis-
creased LPL activity467 Older age has also been associatedcussed mechanisms that might produce such age-related
with faster production of VLDL apo B-108; lower LPL changes in allelic effects. Further studies are needed to discover
activity could exacerbate any resulting increase in serum TGand characterize genotype effects, which change with age, and
levels. LDL apo B-100 has a longer plasma residence time irto elucidate the mechanisms underlying such changes.

older subject$§8 possibly indicating less efficient LDL receptor

function or regulation with age. If LPL modulates LDL recep- ACKNOWLEDGMENT

tor-mediated uptake of LDL and VLDES:70subtle differences We wish to express our gratitude to the subjects and staff of the
between theSer,,, and Stop,,, isoforms in their interactions Bogalusa Heart Study.
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