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To elucidate to what extent apolipoprotein (apo) E polymorphism modulates obesity-induced dyslipidemias during young
adulthood, longitudinal data on 759 individuals (72% white/28% black; initial and follow-up mean age, 25.9 and 32.7 years)
were examined. Among both races and the total sample, the apo E2 group (with E2/2 or E2/3 phenotype) had significantly
lower and the apo E4 (with E4/4 or E3/4 phenotype) group higher low-density lipoprotein (LDL) cholesterol than the apo E3
(with E3/3 phenotype) group at both examinations. In addition, the apo E2 group displayed higher high-density lipoprotein
(HDL) cholesterol in the total sample. No allele-specific effect was noted for the longitudinal changes (A). An increase in A
adiposity, measured as A body mass index (BMI), was accompanied by higher increase in ALDL cholesterol in the e4 carriers
than the e2 carriers among the whites (P < .05) and the total sample (P < .01); an increase in A triglycerides and decrease in
A HDL cholesterol in the e2 carriers than the e4 carriers among all the groups (P < .05 to .001). Among the apo E phenotype
groups, the incidence of high (>75th percentile specific for race and sex) LDL cholesterol at follow-up was in the order E4 >
E3 > E2 both in the obese (BMI > 30; P for trend = .033) and the nonobese (BMI < 25; P for trend = .035) groups. Although
the increase of low (<25th percentile specific for race and sex) HDL cholesterol or high triglycerides showed no apo E
phenotype-specific trend, the incidence of high triglycerides without high LDL cholesterol was in the order E2 > E3 > E4 only
in the obese group (P for trend = .025). The prevalence trend for dyslipidemias at follow-up among the persistently obese and
nonobese groups also gave similar results. Thus, apo E gene locus influences not only the levels of certain lipoprotein
variables during young adulthood, but also modulates the association between obesity and dyslipidemias.
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POLIPOPROTEIN (apo) E alleles are genetic markers forrecognized®-2° Earlier studies, including our own in children,
dyslipidemias and coronary artery dise&SeThe apo E  have found that the apo E polymorphism alters the relation of
gene locus is polymorphic; 3 alleles, termed e2, e3, and edbody fat mass and distribution to lipoprotein levés? How-
produce 6 phenotypes: E2/2, E2/3, E2/4, E3/3, E3/4, and E4¢ver, most of the studies were cross-sectional in nature. More-
445The apo E isoforms encoded by the 3 alleles differ in termsover, to what extent apo E polymorphism modulates obesity-
of their influence on binding to cell surface receptors (apo E,induced dyslipidemias in young adult populations unselected
apo B/E receptors) and their ligands, catabolism of apo B-confor dyslipidemias is not clear. The present study examines this
taining lipoproteins, conversion of very—low-density lipopro- @spect with the use of longitudinal data from the ongoing
teins (VLDL) to low-density lipoproteins (LDL), and intestinal Bogalusa Heart Study, a community-based investigation of
absorption of dietary cholesterol, mechanisms that are thougHt!y natural history of cardiovascular diseée.
to mediate levels of lipoproteirfst4
Population studies have shown that compared with the e3 SUBJECTS AND METHODS
allele, the e2 allele lowers and the e4 allele raises total cholesPopulation
terol and LDL cholesterdt>-2! In addition, both the e2 and e4 |, 1983 t0 1991, 1,930 young adults aged 20 to 32 years, residing in
alleles are found to be associated with higher triglyceride levelghe biracial (65% white, 35% black) community of Bogalusa, LA, were
in some, but not all studigs?15.17.20-2That this allele effect on  examined (baseline). Seven hundred fifty-nine of these subjects who
lipoprotein variables, especially LDL cholesterol, occurs in had apo E phenotyped at baseline and participated later in the 1995 to
populations around the world, despite variations in genetict996 survey (follow-up) were considered for this analysis. MeaBD
background and environment, underscores the direct role of thB2seline age, follow-up age, and follow-up period were 25.3.1
. .. . . ears, 32.7+ 3.1 years, and 6.& 0.8 years, respectively. The study
apo_E_ gen? in determining lipoprotein levels and Consequentl)Zohort consisted of 72% whites, 28% blacks, 40% males, and 60%
dyslipidemias. females.
The association between obesity and dyslipidemias is well

General Examination

] Essentially the same protocols were used in all surveys. All partic-
From the Tulane Center for Cardiovascular Health and Depart- jpants were instructed to fast for 12 hours before venipuncture, with
ments of Epidemiology and Biostatistics, Tulane School of Publiccompliance ascertained by an interview. Height and weight were mea-

Health and Tropical Medicine, New Orleans, LA; and the National syred to the nearest 0.1 cm and 0.1 kg, respectively, to calculate the
Public Health Institute, Helsinki, Finland. body mass index (BMI, kg/fA).
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Serum Lipid and Lipoprotein Analyses

LA 70112. Serum lipoprotein cholesterol was measured by a combination of
Copyright© 2001 by W.B. Saunders Company heparin-calcium precipitation and agar-agarose gel electrophoresis pro-
0026-0495/01/5006-0011$35.00/0 cedure3® The laboratory is monitored for accuracy of measurements of
doi:10.1053/meta.2001.23299 total cholesterol, triglycerides, and HDL cholesterol concentration by a
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surveillance program of the Centers for Disease Control and Preven- RESULTS

tion, Atlanta, GA. The relative frequency of the e2, e3, and e4 alleles in the

study cohort by race (0.068, 0.792, and 0.140 for whites
Apo E Phenotyping 0.103, 0.702, and 0.195 for blacks) was similar to that reported

Serum samples that were kept frozen at -70°C after lipid and Ii—g?r“ir in the B%gtalusdaf yloun% adlult poprIatlon at flef:;?e' 3
poprotein analyses were sent to Helsinki, Finland (Dr Ehnholm) for apo acks vers_us whites 'SP ayed a lower irequency of the e
E phenotyping. Phenotyping was performed directly in serum using af"‘"ele and higher frequencies of both the e2 and e4 alléles (
modificatiorf® of the method of Havekes et &l,which is based on .001).
isoelectric focusing of delipidated serum followed by immunoblotting Mean levels of serum LDL cholesterol, HDL cholesterol,
using rabbit antihuman apo E antiserum. Based on 147 pairs of blindand triglycerides at baseline and follow-up and their changes
duplicate analysis, there was 95% concordance in apo E phenotypever time in whites, blacks, and the total sample are presented
assignment. Although DNA genotyping is considered more accuratégn Tables 1 through 3 by apo E phenotype group. There was no
and increasingly being used for determining apo E polymorphism,aevidence of race or sex by apo E phenotype interaction for any
results from the Framingham Offspring Study showed that both meth these lipoprotein variables. Levels of LDL cholesterol varied
ods gave similar apo E allele frequencies and allelic effects on “pOpro'SignificantIy among the 3 phenotype groups both at baseline
tein variables? and follow-up, regardless of race. Compared with the apo E3

group, the apo E2 group had lower and the apo E4 group higher
Statistical Analysis LDL choleterol at both periods. Levels of HDL cholesterol by

Because the sample size of homozygous phenotypes E2/2 and E4}£le apo E phenotype group varied significantly in the total

in the study cohort was too small, individuals were classified into thesgmple, with the apo E2 group versus. the apo E3 showing
following 3 phenotype groups as in previous stugi€s (1) apo E2  higher values at both examinations. Whites and blacks tended
group (n= 92) carrying either the E2/2 or the E3/2 phenotype; (2) apo t0 show a similar, but nonsignificant trend. Serum triglyceride
E3 group (n= 446) carrying the most frequent E3/3 phenotype; and (3) levels at both examinations did not vary by the apo E pheno-
apo E4 group (r= 200) carrying either the E4/3 or the E4/4 phenotype. type group in whites, blacks, or the total sample. There were no
Individuals with E4/2 phenotype (+ 21) were not included, because significant apo E phenotype-specific differences in change over
they carry an allele that is common to either the apo E2 group or thetime of these 3 lipoprotein variables.

apo E4 group. With respect to significant allele-specific effects on lipopro-

Statistical analysis was performed using the SAS software packaggsi yariables in the total sample, the average effect of the e2
(SAS Institute, Cary, NC). The gene-counting method was used foraIIeIe versus the e3 allele was to lower LDL cholesterol by 16.9

estimating apo E allele frequency within each race-sex group. Individ- .
ual ¥ tests of independence were used to determine significance o g/dL at baselineR < .001) and 20.1 mg/dL at follow-up

both race and sex differences in the distribution of allele frequency. (P <_'001) and to raise HDL cholesterol by 3.0 mg/dL at
Analysis of covariance to adjust for age and race/sex as applicabi®aseline B < .01) and 2.8 mg/dL at follow-upR < .01). On

was performed to test whether mean levels of lipoprotein variablesthe other hand, the average effect of the e4 allele versus the e3

were homogeneous among the 3 apo E phenotype groups. Post h@llele was to raise LDL cholesterol by 6.2 mg/dL at baseline

comparison of lipoprotein variables and their changes over time be{P < .01) and 5.3 mg/dL at follow-upR < .01).

tween the phenotype groups were determined by the least significant

difference (LSD) test. To avoid the problem of multiple comparisons,

the LSD test was used only if the F-value for the apo E phenotype Table 1. Levels of Serum LDL Cholesterol at Baseline and

effect was found significant. Follow-up and Change Over Time in Young Adult Cohort by
The average effect of the e2 or the e4 allele versus the e3 allele on apo E Phenotype Group
lipoprotein variables was estimated using a regression approach de- Mean + SD, mg/dL

scribed by Templetof#

The effect of interaction between changes in BMI over time and the -
e2 allele or the e4 allele on changes in lipoprotein variables was Baseline
measured in terms of multiple linear regression coefficients using a Whites® 100 = 29¥ (60)* 116 + 32(343) 123 + 317 (136)
regression parameterization procedure for longitudinal data described Blacks® 103 £30%(32)  111+31(103) 122+ 33" (44)

LDL Cholesterol E2 E3 E4

- i : b
by Gueguen et & In addition to the 2 interaction terma @MI and All 101 £25v(92) 115 = 32(446) 123 = 327 (200)
number of e2 or e4 alleles), the regression model included age and BMI F°”°"_"'“f’3 ,
. . . . . . + + X
at baseline, time interval between examinations, and race/sex as appli- Whites 110 =30 127 = 34 134 = 32
cable Blacks® 107 = 31* 120 = 37 129 + 32
) b
The incidence of specific dyslipidemia at follow-up was determined All 109 = 30 126 = 35 133 + 32¥
according to the obesity status at baseline and apo E phenotype group. changet
. + + +
Mantel-Haenze)? test for trend was used to examine the effect of apo Whites 10=24 1130 n=23
E phenotype on the incidence of dyslipidemia in obese and nonobese  Blacks 3+25 8+27 727
All 8+ 25 11 + 29 10 + 25

groups. Similar analysis was performed to determine the prevalence of
dyslipidemia at follow-up by apo E phenotype group among those who * Sample size at baseline and follow-up.

were persistently obese or nonobese at baseline and follow-up. Dys- t Follow-up value — baseline value.

lipidemias were defined as race- and sex-specific values above the 75tha® Variation among phenotype groups, a: P < .05; b: P < .001 (age-
percentile for high LDL cholesterol or high triglycerides and below the and race-/sex-adjusted).

25th percentile for low HDL cholesterol. Individuals with BMI above *Y Different from E3 group, x: P < .05; y: P < .001 (age-, and
30 were classified as obese; below 25 as nonobese. sex-/race-adjusted).
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Table 2. Levels of Serum HDL Cholesterol at Baseline and group @ for trend = .025), with the apo E2 group showing
Follow-up and Change Over Time in Young Adult Cohort by 8.6-fold higher incidence than the nonobese apo E2 grbup (
apo E Phenotype Group .01).
Mean + SD, mg/dL The prevalence of dyslipidemias at follow-up among those
HDL Cholesterol E2 E3 E4 who were persistently obese or nonobese at both examinations
Baseline are given in Table 5 by apo E phenotype group. The prevalence
Whites 52+ 13 (60)* 49 = 11(343) 49 = 10 (136) trend of any particular dyslipidemia across the apo E2, E3, and
Blacks 59 + 14 (32) 56 + 16 (103) 57 = 13 (44) E4 phenotype groups was essentially similar to that of the
All2 54 + 14% (92) 51 + 12 (446) 52 + 12 (200) incidence trend described above in obese, as well as nonobese
Follow-up groups. The prevalence of high LDL cholesterol was highest in
Whites 51 =14 48 = 12 48 =13 the obese apo E4 group, while the prevalence of hypertriglyc-
Blacks 55+ 15 53 £ 17 53 £ 15 eridemia without high LDL cholesterol was highest in the
All® 52 £ 14% 4914 49 £13 obese apo E2 group. Further, the prevalence of high LDL
Changet cholesterol was 2.5-fold higher in the obese apo E4 group than
Whites “1=n0 “1=9 “1=1o the nonobese apo E4 group € .001), and hypertriglyceride-
Blacks -5+ 20 -3x14 -4+ 12 o . . .
All 3414 2+ 10 2+ 11 mia without high LDL cholesterol was 4.2-fold higher in the

obese apo E2 group than the nonobese apo E2 gRup.01).

* Sample size at baseline and follow-up.
T Follow-up value — baseline value. DISCUSSION

2 Variation among phenotype groups, a: P < .05; b: P < .001 (age- . .
and race-/sex-adjusted). The present longitudinal study shows that the apo E allele-

% Different from E3 group, P < .05 (age- and race-/sex-adjusted). specific differences in the levels of LDL cholesterol and HDL
cholesterol are maintained consistently during young adult-
hood, and this genetic polymorphism modulates the effect of

The effect of interaction between the apo E alleles and thepbesity on developing dyslipidemias. These observations are

longitudinal changeX) in BMI on A LDL cholesterol,A HDL based on a community-based sample whose apo E allele fre-
cholesterol, andA triglycerides adjusted for initial age and quencies and lipoprotein levels were representative of the Bo-
BMI, age interval between examinations, and sex/race is showgalusa study populatioi®:44Further, the observed longitudinal

in Fig 1 for whites, blacks, and total sample. RegardingDL (intraindividual) differences in the cohort, like intrapair differ-
cholesterol, the interaction effect was significant in whites andences in monozygous twin pairs, are useful in elucidating the
the total sample, with an increase MMBMI accompanied by  effect of interaction between the apo E polymorphism and gain
greater increase it LDL cholesterol in the e4 carriers than the in adiposity on lipoprotein changes without the confounding
e2 carriers. The interaction effect was significant foHDL effects of gene-gene interactions, because the gene-gene inter-
cholesterol and\ triglycerides in whites, blacks, and the total actions remain the same within an individual over tithe.

sample. An increase it BMI lowered A HDL cholesterol and The apo E allele-specific effect on LDL cholesterol in the
raisedA triglycerides to a larger extent in the e2 carriers thanstudy cohort is consistent with the earlier studies showing
the e4 carriers. lower and higher values in e2 and e4 carriers, respectively, than

The incidence and prevalence of dyslipidemias by obesitythose homozygous for the e3 alléfe1?21The present study, as
status and apo E phenotype were examined in the total sampla some previous studi€8;2246.47 also shows higher HDL
because of inadequate sample size of each racial group when
categorized according to dyslipidemia, obesity, and apo E
phenotype. The relatlonshlp- Of_ baseline Obesl_ty stat-u_s (BMl Table 3. Levels of Serum Triglycerides at Baseline and Follow-up
above 30 or below 25) to the |nC|ance of specific qysllpldemla and Change Over Time in Young Adult Cohort by apo E
(above the race- and sex-specific 75th percentile for LDL Phenotype Group
cholesterol and triglycerides and below the 25th percentile for
HDL cholesterol) at follow-up by apo E phenotype group is
given in Table 4. Among the apo E groups, the proportion of
subjects who developed high LDL cholesterol at follow-up was Baseline
in the order E4> E3 > E2, both in the obeseP(for trend = Whites 117 £ 61(60)* 108 = 63 (343) 100 = 48 (136)
.033) and the nonobesé® (for trend = .035) groups. The Blacks 85x43(32)  91x51(103) 105116 (44)

Mean *+ SD, mg/dL

Triglycerides E2 E3 E4

incidence of low HDL cholesterol or high triglycerides showed Fo’igw_up 1062 57(92) 104 61(446) 102 =75 (200)
no significant pattern among the 3 apo E groups either in the . 122 + 72 128 = 106 121 = 81
obese or the nonobese group. However, the obese apo E4 group g, qxs 102 + 46 94 + 68 90 = 56

and the obese apo E2 group displayed the highest incidence of 115 + 65 120 = 100 111 + 75

low HDL cholesterol and high triglycerides, respectively. Al-  changet

though the incidence of high triglycerides showed no signifi-  Whites 1+63 22+ 84 21+ 60
cant apo E phenotype-specific trend either in the obese or the Blacks 20 + 50 4+ 55 —-16 + 82
nonobese groups, the proportion of subjects who developed All 8 + 59 17 £79 9+70

high triglycerides without concomitant rise in LDL cholesterol  * sample size at baseline and follow-up.
at follow-up was in the order E2 E3 > E4 only in the obese t Follow-up value — baseline value.
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Interaction effect, a: p< 0.05; b: p< 0.01; c: p< 0.001

Fig 1. The influence of apo E polymorphism on the association between longitudinal change (A) in BMI and concomitant changes in A LDL
cholesterol, A HDL cholesterol, and triglycerides.

cholesterol levels in e2 carriers. With respect to triglyceridegenotype was higher in older than in younger age gréaps,
levels, a meta-analysis of 45 population samples suggests thathich may, in part, account for the discordant results.

both the e2 and e4 alleles may be associated with higher Consistent with earlier finding®;4048 the longitudinal
values?2 However, no such association was found in the changes in the levels of LDL cholesterol, HDL cholesterol, and
present, as well as other previous population-based studies Rhyiglycerides were not influenced by the apo E polymorphism in
us and other&3.16.20.21.23.4qt has been reported that the pro- the study cohort. However, our results clearly show that the apo
portion of variance in triglycerides that was due to apo EE polymorphism alters the longitudinal changes in the levels of

Table 4. Incidence of Dyslipidemias at Follow-up in Young Adult Table 5. Prevalence of Dyslipidemias in Persistently Obese Versus
Cohort According to Status of Obesity at Baseline and apo E Nonobese Young Adult Cohort by apo E Phenotype Group
Phenotype Group

Prevalence (%)

Incidence (%) Dyslipidemia* E2 E3 E4  Pfor Trend
Dyslipidemia* E2 E3 E4 P for Trend High LDL cholesterol
High LDL cholesterol Obeset 10 32 57 .007
Obeset 0 11 25 .033 Nonobeset 3 18 23 .020
Nonobeset 8 12 20 .035 Low HDL cholesterol
Low HDL cholesterol Obese 30 42 52 .219
Obese 20 15 32 .301 Nonobese 6 14 16 210
Nonobese 6 8 12 .210 High triglycerides
High triglycerides Obese 50 43 35 377
Obese 43 24 22 .390 Nonobese 12 12 12 913
Nonobese 14 15 9 .309 High triglycerides without
High triglycerides without high LDL cholesterol
high LDL cholesterol Obese 50 28 9 .010
Obese 43 15 0 .025 Nonobese 12 9 6 .270
Nonobese 5 10 8 958 * Race- and sex-specific values at follow-up above the 75th percen-
* Race- and sex-specific values at follow-up above the 75th percen- tile (high) or below the 25th percentile (low).
tile (high) or below the 25th percentile (low). t Obese, BMI > 30 at baseline and follow-up; nonobese, BMI < 25

1t Obese, BMI > 30 at baseline; nonobese, BMI < 25 at baseline. at baseline and follow-up.
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lipoproteins accompanied by gain in adiposity, measured agolymorphism modulates the effect of obesity on lipoproteins.
BMI. Excess adiposity is associated with overproduction of VLDL
In the study cohort, the gain in adiposity over time raisedand related adverse changes in fasting triglycerides, LDL cho-
triglycerides and lowered HDL cholesterol to a larger extent inlesterol, and HDL cholesteré®:51 Although triglyceride levels
e2 carriers than e4 carriers, and raised LDL cholesterol in e4vere not affected by apo E polymorphism in the study cohort
carriers than e2 carriers. In contrast, an earlier longitudinalas a whole, gain in body fatness over time or condition of
study, the only study of this nature conducted in a relativelyobesity was clearly associated with greater increase in triglyc-
older French cohort, showed a greater increase in both triglycerides in e2 carriers than e4 carriers. This suggests that meta-
erides andB-lipoprotein levels with weight gain over a 6-year polic consequences of apo E isoforms regarding triglycerides
period in e4 carriers than e2 carriéfsEarlier cross-sectional may be apparent under conditions of VLDL overproduction.
studies also gave mixed results, some showing stronger assgyjike apo E4, apo E2 binds poorly to high-affinity lipoprotein
C|atlop between adiposity apd triglycerides and/or LDL Ch0|e5'receptors and their ligands leading to upregulation of LDL
terol in e2 carriers, e4 carriers, or b7 receptors® and is less efficient in converting VLDL to
Inthe current study, the incidence and prevalence of hyper; p) 111355 4 consequence, an increased flux of VLDL due to
triglyceridemia without high LDL cholesterol significantly in- gain in adiposity in e2 carriers may result in greater increase in

creased i'r:htht?\ ordgr apo E2 gErgupapo E3hgrqup> gpo_f_E4 " triglycerides, as well as decrease in HDL cholesterol, a marker
group, wi € obese apo group showing significantly, ey ced clearance of triglyceride-rich lipoprote?as3 On

higher rates than their nonobgse counterparts. In z.;\dd.it.ion, thﬁ1e other hand, due to high affinity of apo E4 for triglyceride-
incidence and prevalence of high LDL cholesterol S|gn|f|cantlyriCh lipoproteins and related enhanced hepatic clearance of

mcreaged in the order apo E4 groupapo E3 group> apo _E2_ . remnant particles and downregulation of LDL recepto¥s,
group in both obese and nonobese groups, thereby maintainin . . !
the allele-specific effect, regardless of obesity status. However, erprodl_Jctlon of VLDL in e4 carriers may lead to a greater
the prevalence of high LDL cholesterol was markedly higher jn'ncrease in LDL cholesterol. . L
the obese apo E4 group than the nonobese apo E4 group. Takenln the preser\t study, BMI was u§ed asan |nd|cator. of adiposity.
together, it appears that e2 and e4 carriers with obesity may bl Younger middie-aged populations in whom weight change
relatively more susceptible to have a greater degree of hyperprlmarl.ly reflects change of fat mass, BMI is strongly associ-
triglyceridemia (without high LDL cholesterol) and high LDL 2ated with fat mass? Although BMI does not reflect fat pattern,
cholesterol, respectively, than their nonobese counterparts iA" earlier study on the interaction effect of appdlymorphism
the general population. The reason for the lack of differential@d body fatness on lipoproteins found similar results using
effect of apo E polymorphism on HDL cholesterol among thoseBMI, waist-to-hip ratio, and computed tomography-derived
who were already obese (Tables 4 and 5) versus those whiotal and intra-abdominal f&g Earlier observations from this
gained in adiposity over time (Fig 1) is not clear. It should be Population showed a high correlation between the BMI and
noted that unlike intraindividual changes over time, interindi- skinfold thicknesses or the ratio of subscapular to triceps skin-
vidual variance in a population or group reflect both gene-fold thickness, measures of fat mass, and fat distribu#en.
environment and gene-gene interactions, which may in part, Inconclusion, the genetic polymorphism of apo E modulates
account for the observed divergence in results pertaining tdhe effect of obesity on dyslipidemias during young adulthood.
HDL cholesterol. Although control of obesity is obviously very important, re-
Based on the metabolic consequences of obesity vis-a-vigardless of apo E genotype, the differential effects of apo E
apo E isoforms on lipoprotein metabolism, certain inferencesalleles on dyslipidemias in obesity may have a bearing on
can be made regarding the mechanisms by which the apo Eoronary artery disease risk reduction strategies.
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