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OBJECTIVE — To determine serum lipoprotein(a) in a large sample of IDDM and
control children and to examine a possible association with puberty.

RESEARCH DESIGN AND METHODS — Serum lipoprotein(a), apoB-100, and
apoA-1 were measured under identical conditions in 170 Caucasian children with IDDM
aged 12.3 = 3.59 yr and 233 Caucasian control children aged 13.6 + 1.12 yr. Padents
with persistent microalbuminuria were excluded. Lipoprotein(a), apoB-100, and apoA-I
were measured by nephelometry using a specific monoclonal antibody. Pubertal assess-
ment was performed using Tanner staging and testicular volume measurement.

RESULTS — Lipoprotein(a) was higher in the IDDM than control group (geometric
mean 237 mg/L, 25-75th percentile 134-465 vs. 172 [99-316] mg/L, P = 0.0008).
When analyzed according to pubertal stage, only pubertal and postpubertal patients had
higher levels than control subjects (265 [148-560] vs. 174 [101-320] mg/L,
P = 0.0001), with prepubertal patients showing no difference. Pubertal and postpubertal
patients showed both higher lipoprotein(a) (P = 0.01) levels and higher albumin excre-
tion rates (P = 0.02) than prepubertal patients, correcting for the other variable. Li-
poprotein(a) was not related to HbA, ., albumin excretion rate, duration, age, sex, mean
arterial pressure, or a family history of premature coronary artery disease in the IDDM
group. Lipoprotein(a) was not higher in patients with overnight albumin excretion rate
above the 95th percentile but below the microalbuminuric range. ApoB-100 did not
differ between IDDM and control children. ApoA-1 was significantly lower in the IDDM
group (1.04 [0.94-1.17] vs. 1.21 [1.10-1.31] g/L; P < 0.0001).

CONCLUSIONS — Pubertal and postpubertal IDDM patiehts have higher serum
lipoprotein(a) than Caucasian control subjects. Our findings suggest a rise in lipopro-
tein(a) may occur during puberty in IDDM. Longitudinal studies are required to clarify

the relationship between lipoprotein(a), albumin excretion rate, and puberty.
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IDDM, INSULIN-DEPENDENT DIABETES MELLITUS; Lp(a), LIPOPROTEIN(A); APO, APOLIPOPROTEIN; CAD,
CORONARY ARTERY DISEASE; M A, MICROALBUMINURIA; AER, ALBUMIN EXCRETION RATE; CVD, CEREBRO-
VASCULAR DISEASE; RIA, RADIOIMMUNOASSAY; ELISA, ENZYME-LINKED IMMUNOSORBENT AssAY; CV,
COEFFICIENT OF VARIATION; HPLC, HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY; Cl, CONFIDENCE
INTERVAL, MAP, MEAN ARTERIAL PRESSURE; HDL, HIGH-DENSITY LIPOPROTEIN; DCCT, DiaBeTES CON-
TROL AND COMPLICATIONS  TRIAL; IGF-1, INSULINLIKE GROWTH FACTOR |, NIDDM, NON-INSULIN-
DEPENDENT DIABETES MELLITUS; BMI, BODY MASS INDEX.

Since then, epidemiological studies
have shown Lp(a) to be an indepen-
dent risk factor for premature CAD (2,3)
and stroke (4) in the normal population.
Lp(a) contains apo(a) linked to
apoB-100 by a disulfide bond. The se-
quence of apo(a) shows close homology
to plasminogen (5), and the apo(a) gene
accounts for considerable intersubject
variability in Lp(a) concentrations (6).
The frequency distribution of Lp(a) is
highly skewed and differs among Cauca-
sian, Asian, and African black popula-
tions (7). Lp(a) concentrations increase
in the first 6 mo of life but do not vary
with age or sex thereafter (8).

Patients with IDDM are at in-
creased risk of CAD, females are not
protected, and the greatest risk is seen in
those with diabetic nephropathy (9).
Lp(a) levels are raised in adults with di-
abetes and MA, but not in those without
MA (10,11). The timing of this rise is not
clear.

L p(a) was first described in 1963 (1).

A previous study in children and
adolescents with IDDM showed a weak
association between Lp(a) and HbA,, in
a small group of white but not black
children (12). We aimed to determine
Lp(a) and investigate a possible associa-
tion with puberty within a large group of
Caucasian children with IDDM and
schoolchildren controls.

RESEARCH DESIGN AND

METHODS — Patients attending Ade-
laide Children's Hospital Diabetes Clinic
who were Caucasian and aged 3-18 yr
entered the study over a 3-mo period.
Patients were excluded if they had per-
sistent MA, defined as AER >20 pg/min
on at least 66% of overnight urine col-
lections (n = 5) or familial hypercholes-
terolemia (n = 2), factors known to be
associated with higher Lp(a). The study
group represented 74% of the clinic's
population. The control group included
normal Caucasian Adelaide schoolchil-
dren; 196 were participants in a longitu-
dinal study of nutrition and growth, and
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Lp(a) during puberty in IDDM

Table 1—Clinical characteristics of study subjects

IDDM CONTROL
PATIENTS SUBJECTS
n 170 233
AGE (YR) 12.3 £ 3.69 136 *x1.12
Sex (M/F) 84/86 119/114
DURATION OF DIABETES (YR) 40 %320
HeA, (%) 9.0 +£2.64
AER (uG/MIx) 3.52.0-7.1)
BMI (kG/M?) 20.5 £3.82
MAP (mMHG) 88.7 £ 12.06
InstLN (U/KG) 1.01 £0.40
FAMILY HISTORY
PreMATURE CAD 42/166 69/233
PREMATURE CVD 12/166
HYPERTENSION 28/166

37 had had a blood investigation with a
normal result at Adelaide Children’s
Hospital. The study was approved by the
Adelaide Children's Hospital Ethics
Committee.

Capillary blood was collected
while the nonfasted subject was sitting
for measurement of Lp(a), apoA-1, apoB-
100, and HbA,. Blood pressure was
measured sitting at rest after 9 min by
using an automated monitor (Dinamap,
Critikon, Tampa, FL). Pubertal assess-
ment using Tanner staging and testicular
volume assessment was performed by
one of three pediatric endocrinologists.
Girls were assessed according to breast
Tanner stage; boys according to Tanner
stage and testicular volume of >4 ml for
stage 2 and >15 ml for stage 5. Family
history was taken for first-degree rela-
tives and grandparents for premature
CAD (angina requiring treatment or
myocardial infarction before 60 yr), hy-
pertension (requiring treatment before
60 yr), and premature CVD (presenting
before 60 yr). AER was measured on
timed overnight urine collections. Pa-
tients collected 2.3 = 0.2 timed collec-
tions during the study period.

Apo and Lp(a) were measured on
serum samples stored at 2-8 °C using
end point nephelometry (Hyland laser
nephelometer PDQ) and addition of spe-

cific monoclonal antibodies. Commer-
cially available antisera, calibrators, con-
trols, and dilutents were used (INCSTAR,
Stillwater, OK). Antibodies to Lp(a) from
this source recognize 11 polymorphic
forms of Lp(a), which comprise 66 de-
scribed phenotypes (13), and do not
cross-react with plasminogen to concen-
trations of 2.3 g/L and apoB to concen-
trations of 4.36 g/ (14). Immunotur-
bidimetric procedures using these
antibodies closely correlate with RIA and
ELISA methods (14). Sensitivity to tur-
bidity of the sample, which arises when
triglyceride concentrations exceed 2.26
mM (15), was overcome by centrifuging
serum samples at 20,000 g for 30 min
and diluting before analysis (16). Intra-
assay CV was 4% at 216 mg/L and 4% at
530 mg/L; interassay CV was 7.9 and
6.5%, respectively.

Albumin was measured using
nephelometry and addition of a specific
monoclonal antibody (INCSTAR). Intra-
assay CV was 4.1% at 8 mg/L and 4.9%
at 45 mg/L; interassay CV was 13 and
7.7%, respectively. Normal range for dif-
ferent age-groups (5-18 yr) for AER on
overnight urine collections was obtained
from 690 Adelaide schoolchildren. The
95th percentile was 7.2 pg/min. Border-
line elevation of AER was defined as a

mean overnight AER in the range of
7.2-20 pg/min.

HbA,. was measured by HPLC
with a normal range of 4-6% (17).

Statistical analysis

Statistical analysis was performed using
Origin and CSS-Statistica data analysis
programs. Variables with a skewed dis-
tribution, Lp(a), apoA-1, and apoB-100,
were normalized by logarithmic conver-
sion. Lp(a), apoA-l, and apoBl0O are
shown as geometric means and 75% Cls.
Other variables are shown as percentage
means * SD. Comparisons between
groups and relationships between vari-
ables were made with two-tailed Stu-
dent's ¢ test, x° test, or multiple regres-
sion analysis.

RESULTS — Patient characteristics are
shown in Table 1. Serum Lp(a) was
higher in the IDDM group (n = 170)
than in the Caucasian control group
(n = 233) (geometric mean 237 mg/L,
25-75th percentile 134-465vs. 172 (99—
316] mg/L, respectively, P = 0.0008).
Lp(a) distribution in both groups
showed a positive skew (Fig. 1).

When Lp(a) was analyzed ac-
cording to pubertal stage, prepubertal
IDDM patients (Tanner 1) did not show
different levels from prepubertal control
subjects, but pubertal and postpubertal
(Tanner 2-5) patients showed signifi-
cantly higher levels than matched control
subjects (265 [148-560] vs. 174 [101-
320) mg/L, P = 0.0001) (Fig. 2). Lp(a)
for prepubertal, pubertal, and postpu-
bertal subjects in both groups is shown
in Table 2. Within the IDDM group we
noted a significant rise from prepubertal
to postpubertal Lp(a) levels, controlling
for AER (P = 0.01) (Fig. 3). No change
according to pubertal status was seen
within the control group. Pubertal status
was not obtained in 4 IDDM patients and
5 control subjects.

Lp(a) was not related to AER. A
total of 23 patients with borderline ele-
vation of overnight AER on a mean of
three collections (11.6 [8.5-14.6] pg/
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Figure 1—Frequency distribution of Lp(a) in
IDDM patients (A; n = 170) and control sub-
jects (B; n = 233).
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Figure 2—Frequency distribution of Lp(a) in
pubertal and postpubertal IDDM patients (A;
n = 107) and pubertal and post pubertal control
subjects (B; n = 191).
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Figure 3—Serum Lp(a) in IDDM patients ac-
cording to pubertal stage. (- ), geometric
means; (a), P = 0.01; (b), P = 0.05.

min) did not show higher Lp(a) than the
group with normal AER (n = 107). No
patient had persistent MA. A significant
relationship was found between AER and
Tanner stage in the IDDM group when
controlling for Lp(a) (r = 0.50, P =
0.007). Tanner 2-5 patients had higher
AER than Tanner 1 patients, controlling
for Lp(a) (4.7 [2.6-83] vs. 2.1 [1.3-
3.3] pg/min, P = 0.02). Ten patients
with background retinopathy on fundos-
copy did not have higher Lp(a).

Lp(a) was not related to HbA,_
(r = 0.11), duration, age, sex, MAP, in-
sulin dose, or a family history of prema-

Couper and Associates

ture CAD, premature CVD, or hyperten-
sion in the IDDM group. Lp(a) did not
differ between patients with HbA, . >8%
and those with HbA,. <8%, nor was
there a significant difference in HbA,,
between patients with Tanner 1 and Tan-
ner 2—5 pubertal development (8.8 =
2.04 vs. 9.1 £2.79%). Lp(a) was not
related to age, sex, or a family history of
premature CAD in the control group.

ApoB-100 did not differ between
IDDM and control groups (0.53 [0.45—
0.61] vs. 0.53 [0.46-0.62] g/L). It did
not alter with age, sex, or pubertal stage
in either group. A weak association was
found between apoB-100 and HbA,.
(r = 0.27, P = 0.0004).

ApoA-I was significantly lower in
the IDDM group compared with the con-
trol group (1.04 [0.94-1.17] vs. 1.21
(1.10-1.31] g/L, P < 0.0001). No asso-
ciation was found with age, sex, pubertal
stage, or HbA, .

CONCLUSIONS — We have shown
higher serum Lp(a), specifically apo(a),
in pubertal and postpubertal patients
with IDDM. Prepubertal patients were
not different from control subjects. Our
diabetes population did not include
those known to have higher levels of
Lp(a), i.e., patients with persistent MA
(10,11} or familial hypercholesterolemia
(14). The association with puberty was
confined to the IDDM group and was
seen despite there being no association
between Lp(a) and AER, HbA,, or age.

We had anticipated that the
higher Lp(a) in pubertal and postpuber-
tal patients would be explained by small

Table 2—Serum Lp(a) according to pubertal stage

IDDM PATIENTS CONTROL SUBJECTS P
n 59 37 0.63
TANNER 1 (MG/L) 193 (125-303) 178 (88-443)
n 64 142 0.002
TANNER 2-4 (MG/L) 252 (145-495) 170 (101-294)
n 43 49 0.03

TANNER 5 (MG/L) 286 (150-660)

181 (95-389)
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increases in AER during this time. How-
ever, the association remained when cor-
recting for AER. Given the intraindivid-
ual variation in AER and the significance
of Lp(a) phenotype, it is likely that lon-
gitudinal study will be required to clarify
the contribution of AER to changes in
Lp(a) during puberty.

Clear cross-sectional evidence
now indicates that adults with early dia-
betic nephropathy (persistent MA) have
higher Lp(a) levels, whereas those with-
out MA have normal levels (10,11). It
could be speculated that this rise occurs
at the same time as the development of
MA, because patients with renal disease
show alterations of Lp(a) with fluctua-
tions in proteinuria (17). However, a rise
in Lp(a) may precede the development
of MA. Longitudinal studies are required
to determine this and its relationship
with the rise in AER that precedes MA
Q0.

ApoB-100 did not differ between
IDDM patients and control subjects.
ApoA-1, the apo of HDL cholesterol, was
significantly lower in the IDDM patients.
This last finding is consistent with recent
findings in children with IDDM (21),
and the DCCT Research Group has re-
ported lower HDL cholesterol in adoles-
cent girls and young adolescent boys
Q2.

Puberty is recognized as an im-
portant time in the development of the
earliest signs of diabetic complications.
The onset of clinical complications has
been related more closely to duration
since puberty than total duration of dis-
ease (23). Therefore, it is of considerable
interest that only the pubertal and post-
pubertal patients with IDDM showed
higher Lp(a). Previous studies of chil-
dren and adolescents have been too
small to analyze the effect of puberty
(12). Puberty is characterized by in-
creased growth hormone secretion and
insulin resistance, both of which are
more marked in the diabetic adolescent
(24,28). Serum IGF-1 is disproportion-
ately low, which may imply a resistance
to growth hormone perhaps mediated at

the receptor level (26). However, the ex-
act mechanism for the development of
microvascular complications during pu-
berty is not clear.

We found no association between
Lp(a) and HbA,, nor did patients with
poorer metabolic control have higher
Lp(a) levels. We believe this is the largest
study of Lp(a) in IDDM patients. Previ-
ous cross-sectional studies indicating a
relationship between Lp(a) and HbA, . in
IDDM have been smaller (12,27), and
this has not been a consistent finding
(10,28). A recent large study in NIDDM
found no relationship between Lp(a) and
fasting glycemia (29). Reported longitu-
dinal studies, although small, control for
phenotype. They have shown a relation-
ship with metabolic control in IDDM
(30,31), but not consistently (32), and
not in NIDDM (33).

Higher Lp(a) is an independent
risk factor for CAD in the normal pop-
ulation (2,3). A recent suggestion that
this may not hold for the diabetic popu-
lation was limited by small sample size,
but cautions us in extrapolating from the
normal to the diabetic population (34).
The marked skew and wide range of dis-
tribution of Lp(a) in both normal and
diabetic populations requires large num-
bers for accurate analysis. A similar per-
centage of our subjects in the IDDM and
control groups had a family history of
premature CAD. However, a positive
family history was not associated with
higher Lp(a) in either group. This was in
contrast to the reported association be-
tween parental history and Lp(a) in mid-
dle-aged males (35).

The size of the apo(a) gene, spe-
cifically the number of kringle IV encod-
ing sequences, correlates inversely with
the concentration of Lp(a) (6). Our find-
ings of significantly higher levels in pu-
bertal and postpubertal IDDM patients
justify both identification of the fre-
quency of apo(a) alleles in the IDDM
population and longitudinal study of
Lp(a) in relation to microvascular com-
plications during puberty.
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