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The IGF system is important in regulation of fetal and child-
hood growth. In later life, IGF-I and IGF-binding protein-1
(IGFBP-1) have been implicated in the pathogenesis of arte-
riosclerosis. They are, thus, potential candidates in explain-
ing the link between early growth and adult cardiovascular
disease. We measured fasting serum IGF-I and IGFBP-1 con-
centrations in 394 men and women from a cohort of 7086 in-
dividuals, born between 1924 and 1933 in Helsinki, Finland,
whose weight and height were recorded at birth and from 7 to
15 yr of age. They also underwent clinical examination, in-
cluding measurement of body fat using bioimpedance, blood
pressure, glucose tolerance, and plasma insulin and fibrino-
gen concentrations. Serum IGF-1 was positively correlated
with fasting glucose (r = 0.10, P = 0.06) and fibrinogen (r = 0.19,
P = 0.0001) concentrations and blood pressure (systolic and
diastolicr = 0.10, P < 0.05) and inversely with percentage body
fat (r = —0.13, P = 0.01) and waist circumference (r = —0.11,P =
0.03). IGFBP-1 was inversely correlated with adult body mass
index (BMI) (r = —0.46, P < 0.0001), fasting glucose and insulin
concentrations, and blood pressure. There were correlations
between the adult level of IGFBP-1 and birth weight (r = 0.11,
P =0.03) and ponderal index (weight/length?®) at birth (r = 0.13,
P = 0.01), but IGF-I was not related to birth measurements.

There were interactive effects between childhood height or
BMI and adult BMI on IGF-I and IGFBP-1 in adulthood. Tall
height and high BMI at 7 yr were associated with low IGF-I
(P = 0.03 for height and P = 0.003 for BMI) and high IGFBP-1
(P = 0.02 and P = 0.06) in adulthood but only in those subjects
whose current BMI was below median. On further analysis
these interactive effects were particularly strong for height in
childhood and adult lean BMI (lean body mass/height?).
Among men and women of below-average lean BMI, tall height
at 7 yr was associated with low adult IGF-I (P = 0.007) and high
IGFBP-1 (P = 0.0004) concentrations [interaction (7-yr
height x adult lean BMI); P = 0.008 for IGF-I and 0.001 for
IGFBP-11.

There is no evidence that reduced fetal growth programs
IGF-I concentrations in old age. An association between small
size at birth and low IGFBP-1 concentrations may in part
reflect fetal programming effects on insulin resistance. Given
the anabolic effects of the GH-IGF-I axis, subjects with tall
height in childhood but low adult lean body mass may be at
risk of late-life GH-IGF-I axis dysfunction. Prospective studies
should address whether this group is susceptible to type 2
diabetes, coronary heart disease, and osteoporosis. (J Clin
Endocrinol Metab 88: 1059-1065, 2003)

RECENT STUDIES HAVE suggested that several common
diseases of adult life, including cardiovascular disease,
type 2 diabetes, and osteoporosis, may have their origins during
childhood or in utero. The original observations, linking adult
cardiovascular disease with small size at birth (1), have been
replicated in epidemiological studies in different populations.
These and concurrent animal studies have introduced the con-
cept of fetal programming of adult disease. New data from
cohorts in Finland, for whom childhood growth data were
recorded in addition to birth measurements, have expanded the
concept to encompass programming effects of childhood
growth (2-4). Translation of the concept of programming into
measures to prevent disease will require insight into the patho-
physiological mechanisms involved.

Abbreviations: BMI, Body mass index; DM, diabetes mellitus; HDL,
high-density lipoprotein; IGFBP, IGF-binding protein; IGT, impaired
glucose tolerance; LDL, low-density lipoprotein.

The IGF system encompasses two IGFs, IGF-I and IGF-II,
and at least six IGF-binding proteins (IGFBPs). A large body
of evidence, ranging from studies in genetically engineered
mice (5, 6) and human IGF-I gene mutations (7) to clinical
studies in infants (8-10) and children (11), links the IGF
system with both fetal and childhood growth. In adult life,
IGF-I is an important anabolic hormone, required for the
maintenance of bone integrity and lean body mass (12). Both
pre- and postnatally IGF-I secretion is regulated by nutri-
tional status, mainly through the stimulatory effect of insulin
(13). After late infancy, the main regulator is pituitary GH
(13). Circulating IGFBP-1 in nonpregnant adults is mostly
inhibitory on IGF-I action (14). Although the regulation of
IGFBP-1 is complex, insulin has a major inhibitory effect (15).

IGF-I and IGFBP-1 have been implicated in the pathogen-
esis of cardiovascular disease. Hypopituitarism is associated
with increased cardiovascular mortality (16) and low IGF-I
concentrations, possibly reflecting relative insufficiency of
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the GH-IGF-I axis and predates impaired glucose tolerance
(17) and is associated with coronary heart disease (18-20).
That the relationship with coronary heart disease may be
causal is supported by a recent study in middle-aged men
and women showing low IGF-I to predict ischemic heart
disease over a follow-up of 16 yr (21). Low IGFBP-1 is as-
sociated with impaired glucose tolerance, elevated blood
pressure, and obesity (19, 20, 22). However, these relation-
ships are not entirely uniform. High IGF-I has been shown
to predict coronary artery disease progression after myocar-
dial infarction (23), and high IGFBP-1 is associated with
increased cardiovascular and overall mortality in elderly
men (24).

It has been proposed that programming of the IGF axis
in utero or childhood could contribute to increased cardio-
vascular risk in adulthood. The evidence is limited to studies
of children and young adults. Low birth weight has been
associated with reduced serum IGFBP-1 in girls with preco-
cious pubarche (25), elevated urinary IGF-I excretion in chil-
dren with catch-up growth (26), and elevated serum IGF-I
concentrations in prepubertal children (27, 28) and young
adult women (29). No data have been reported for older
adults. We set out to study how serum IGF-I and IGFBP-1
concentrations are related to cardiovascular risk factors and
fetal and childhood growth in a well-characterized cohort of
men and women aged 65-75 yr.

Subjects and Methods
Subjects

The original study cohort comprised 7086 men and women born as
singletons during 1924-1933 at Helsinki University Central Hospital,
who went to school in the city of Helsinki and were resident in Finland
in 1971. They have detailed birth records (2, 3), which include birth
weight, length, placental weight, head circumference, and gestational
age at birth, and school health cards with an average of 10 (sp 4)
measurements of height and weight between the ages of 7 and 15 yr. The
study protocol was approved by the Ethics Committee of the National
Public Health Institute, and written informed consent was obtained from
all subjects.

Design

From the original study cohort, 421 subjects born at term (37 wk
gestation or more) attended a clinic after an overnight fast between 0830
and 1000 h (4). Of these, 27 were on medication for type 2 diabetes and
were excluded from the study because their medication could have
altered their IGF-I and IGFBP-1 concentrations. To assess parameters of
cardiovascular risk, we chose to perform a 75-g oral glucose tolerance
test and measure body mass index (BMI), waist circumference, body fat
content, and blood pressure as well as serum cholesterol [total, low-
density lipoprotein (LDL) and high-density lipoprotein (HDL)], triglyc-
eride, and fibrinogen concentrations. Anthropometric and blood pres-
sure measurements were performed as described (4). Body fat mass was
determined based on bioelectric impedance analysis (Omron BF 300
body fat monitor, Omron, Tokyo, Japan), and lean mass was calculated
as total body weight — fat mass. To express the lean and fat masses in
units adjusted for height, we calculated lean BMI as lean mass (kilo-
grams)/[height (meters)]? and fat BMI as fat mass (kilograms)/[height
(meters)]*. The oral glucose tolerance test included glucose and insulin
measurements from samples drawn at baseline and at 30 and 120 min.
Measurements of plasma glucose concentration and serum insulin, pro-
insulin and 32-33 split proinsulin, total cholesterol, HDL cholesterol,
LDL cholesterol, and triglyceride concentrations were performed by
standard methods (4). Serum fibrinogen concentration was measured
using an ACL autoanalyzer (Advanced Instrumental Laboratories, Mi-
lan, Italy). IGF-I concentration was measured by an IGF-I ELISA kit
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(DSL-10-5600; Diagnostic Systems Laboratories, Inc., Webster, TX). IG-
FBP-1 concentrations were measured as described (30).

Statistical analysis

IGF-1, IGFBP-1, glucose, insulin, proinsulin, HDL cholesterol, and
triglyceride concentrations were log transformed to normality. Multiple
linear regression and partial correlation analysis were used to assess
associations between variables. Regression and correlation analyses
were adjusted for sex, age, and adult BMI (unless lean or fat BMI was
already included in the model). Height, weight, and BMI for each birth-
day between 7 and 15 yr were derived by first converting each mea-
surement to a Z-score using the method of Royston (31). Successive
Z-scores were interpolated with a piecewise linear function to obtain
Z-scores separately for both sexes for each birthday. The Z-scores were
back transformed to obtain corresponding height, weight, and BMI at
these ages. A Z-score was not assigned if the child had not been mea-
sured within 2 yr of that age. Because findings were similar for all ages,
we chose to present the 7-yr data to minimize confounding effects of
individual variation in the timing of puberty.

Results

Birth and childhood measurements and results of the
clinical examination

The subjects’ birth and childhood data and adult clinical
characteristics are summarized in Table 1. Compared with
present-day standards, the mean birth weight corresponds to
—0.5 sp at 40 wk gestation in both sexes (32), mean height at
7 yr to —0.6 sp in both sexes (33) and BMI at 7 yr to —0.3 sD
in boys and —0.1 sp in girls (34). Fourteen subjects (3.6%)
were born small for gestational age, defined as birth weight
less than —2 sp (32). These subjects had similar IGF-I and
IGFBP-1 concentrations, compared with the rest of the study
population. Mean IGF-I concentrations were higher in men,
whereas IGFBP-1 concentrations were higher in women.
There was a negative correlation between IGF-I and IGFBP-1
concentrations (r = —0.33; P < 0.0001). Twenty percent of
men and 13% of women had undiagnosed or diet-treated
diabetes mellitus (DM), and 25% of men and 30% of women
had impaired glucose tolerance (IGT), defined by 1998 World
Health Organization criteria (35). Compared with subjects
with normal glucose metabolism, those with IGT or DM had
similar IGF-I concentrations (geometric mean 102.9 pg/liter
vs. normal subjects 98.1 ug/liter; P = 0.2), lower IGFBP-1
concentrations (55.8 ug/liter vs. 72.8 ug/liter; P = 0.004),
higher lean BMI (17.5 kg/m? vs. 16.7 kg/m?; P < 0.0001) and
higher fat BMI (10.7 vs. 9.6 kg /m?; P < 0.0001). There were no
significant differences between subjects with IGT and DM.

IGF-I, IGFBP-1, and clinical examination

Table 2 shows correlations between IGF-I and IGFBP-1
concentrations and clinical measurements. IGF-I concentra-
tions showed no correlation with current height or BMI but
were negatively correlated with waist circumference (P =
0.03) and percentage body fat (P = 0.01). They were posi-
tively correlated with insulin and proinsulin variables, stron-
gest with intact proinsulin and blood pressure and fibrino-
gen concentrations. IGFBP-1 concentrations showed strong
negative correlations with adult total, lean, and fat BMI but
no correlation with body fat percentage. Strong negative
correlations were observed among IGFBP-1 concentration
and glucose and insulin concentrations; total, intact, and
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TABLE 1. Birth and childhood measurements and clinical data, expressed as mean = SD or geometric mean (25th—75th) percentile

Males Females
n Mean =+ sp n Mean =+ sp

Birth data

Weight (g) 146 3504 + 422 248 3342 = 406

Length (cm) 146 50.5 + 1.5 247 499 + 1.6

Ponderal index (kg/m?) 146 27.2 2.3 247 26.9 £ 22

Gestational age (wk) 146 279 = 8 248 281 + 10
Height at 7 yr (cm) 139 120.5 = 4.7 236 118.8 £ 4.6
BMI at 7 yr (kg/m?) 139 15.5 = 1.0 236 15.2 = 1.3
Age (yr) 146 69.5 £ 3.1 248 69.4 £ 27
Height (cm) 146 174.6 + 5.7 248 160.4 + 5.3
BMI (kg/m?) 146 27.1 39 248 27.3 £4.3
Waist circumference (cm) 143 100.4 = 10.3 248 89.4 + 104
Fat weight (kg) 143 25.0 £ 6.5 245 28.7 £ 7.2
Fat BMI (kg/m?) 143 82+21 245 11.2 = 2.8
Lean BMI (kg/m?) 143 18.8 = 2.0 245 16.1 = 1.6
Systolic blood pressure (mm Hg) 146 158 *= 22 248 158 = 20
Diastolic blood pressure (mm Hg) 146 91 =11 248 88 = 10
Fibrinogen (g/liter) 144 3.48 = 0.75 248 3.55 = 0.62
Oral glucose tolerance test

Glucose at baseline (mmol/liter)* 146 5.7(5.1-6.1) 248 5.4 (5.0-5.8)

Glucose at 120 min (mmol/liter)* 145 7.8 (6.2-10.0) 248 7.5(6.1-9.1)

Insulin at baseline (IU/ml)* 145 9.9 (6.9-15.1) 247 9.5(6.6-14.3)

Insulin at 120 min (IU/ml)* 144 71.3 (41.1-130.5) 246 74.1 (45.3-123.0)
Intact proinsulin (pmol/liter)* 145 3.3(2.1-5.2) 246 2.8(1.8-4.5)
32-33 split proinsulin (pmol/liter)” 145 8.5(5.3-13.4) 246 7.5(4.9-11.9)
Total cholesterol (mmol/liter) 146 59+1.0 248 6.3+ 1.1
HDL cholesterol (mmol/liter)* 146 1.30 (1.10-1.53) 248 1.56 (1.29-1.94)
LDL cholesterol (mmol/liter) 146 3.9 0.9 248 3.9+1.0
Triglycerides (mmol/liter)* 146 1.33 (1.00-1.80) 248 1.29 (1.05-1.70)
IGF-I (pg/liter)* 148 109.1 (90.6-139.7) 246 95.3 (74.5-124.6)
IGFBP-1 (pg/liter)* 148 56.0 (39.0-82.3) 246 70.8 (53.5-103.0)

“ Geometric mean (25th—75th percentile).

TABLE 2. Correlations between IGF-I, IGFBP-1, and clinical
variables

IGF-1 IGFBP-1
r (P) r(P)

Age® 0.02 (0.6) 0.08 (0.08)
Height —0.08 (0.14) 0.03 (0.5)
BMI® —0.03 (0.6) —0.46 (<0.0001)
Waist circumference —0.11 (0.03) —0.05 (0.3)
Lean BMI® 0.04 (0.5) —0.41 (<0.0001)
Fat BMI® —0.06 (0.2) —0.43 (<0.0001)
Fat percentage —0.13 (0.01) 0.00 (1.0)
Oral glucose tolerance test

Glucose at baseline 0.10 (0.06) —0.09 (0.06)

Glucose at 120 min 0.04 (0.4) —0.16 (0.001)

Insulin at baseline 0.08 (0.2) —0.26 (<0.0001)

Insulin at 120 min 0.10 (0.05) —0.37 (<0.0001)
Total proinsulin 0.13 (0.01) —0.31(<0.0001)
Intact proinsulin 0.15 (0.004) —0.20 (<0.0001)
32-33 Split proinsulin 0.11 (0.04) —0.29 (<0.0001)
Systolic blood pressure 0.10 (0.04) —0.12 (0.02)
Diastolic blood pressure 0.10 (0.05) —0.12 (0.02)
Fibrinogen 0.19 (0.0001) —0.03(0.6)

¢ Adjusted for sex and current BMI.

® Adjusted for sex and current age.

All other correlations are adjusted for sex, current age, and BMI.
There was no correlation with serum total, LDL, or HDL cholesterol,
or triglyceride concentration.

32-33 split proinsulin concentrations; and blood pressure.
IGF-I and IGFBP-1 did not, however, correlate with serum
total cholesterol, HDL or LDL cholesterol, or triglyceride
concentrations.

IGF-I, IGFBP-1, and measurements at birth and
in childhood

IGF-I concentrations were not related to birth weight
(Fig. 1) or any of the other birth measurements. IGFBP-1
concentrations showed a weak positive correlation with birth
weight (r = 0.11; P = 0.03; Fig. 1) and ponderal index at birth
(r = 0.13; P = 0.01), which became nonsignificant when not
adjusted for current BMI. The strength of these associations
was weakened after adjustment for fasting insulin concen-
tration (birth weight: r = 0.08; P = 0.1; ponderal index at
birth: r = 0.12; P = 0.02). IGF-I concentration was not cor-
related with height or BMI at 7 yr. There was a positive
correlation between IGFBP-1 concentration and BMI at7 (r =
0.15; P = 0.004) but no relationship with height. There were
no interactive effects on IGF-I or IGFBP-1 between birth
measurements and measurements at 7 yr or between birth
and adult measurements.

Interactions between childhood and adult anthropometry

Height and BMI at the age of 7 yr were positively corre-
lated (r = 0.21; P < 0.0001). Height at 7 yr was correlated with
adult height (r = 0.70; P < 0.0001) but not with adult BMI or
lean or fat BMI. BMI at 7 yr was correlated with adult total
(r = 0.30; P < 0.0001), lean (r = 0.34; P < 0.0001), and fat (r =
0.27; P < 0.0001) BMI.

There were interactive effects on IGF-I and IGFBP-1 between
childhood BMI or height and adult BMI (Table 3). In subjects
with an adult BMI below the median, high BMI or tall height
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TABLE 3. IGF-I and IGFBP-1 according to current BMI and BMI or height at 7 yr
IGF-I (pg/liter) IGFBP-1 (pg/liter)
Current BMI Current BMI P for Current BMI Current BMI P for
below median over median trend below median over median trend
BMI at age 7 yr

Lowest tertile 111.0 (85) 93.7 (40) 0.1 72.8 54.5 <0.0001

Middle tertile 92.9 (59) 95.3 (66) 0.7 79.7 56.3 <0.0001

Highest tertile 96.1 (45) 105.2 (80) 0.2 81.6 52.9 <0.0001

P for trend 0.003 0.5 0.06 0.6

P for interaction 0.02 0.5

Height at age 7 yr

Lowest tertile 107.4 (62) 103.5 (61) 0.7 69.2 56.9 0.0001

Middle tertile 101.9 (69) 94.7 (62) 0.7 80.6 54.4 <0.0001

Highest tertile 94.8 (58) 99.2 (63) 0.4 81.0 52.2 <0.0001

P for trend 0.03 0.7 0.02 0.4

P for interaction 0.12 0.008

Numbers are geometric means. Numbers of cases are shown in parentheses in the IGF-I column, being equal for IGFBP-1 measurements.
Medians and tertiles have been calculated for each sex separately. P values are based on regression models with BMI and height at 7 yr and

current BMI as continuous variables, and are adjusted for age and sex.

at 7 yr was associated with low IGF-I and high IGFBP-1 con-
centrations. No associations were observed in subjects with
above-median adult BMI. Because of the differing associations
of IGF-I and IGFBP-1 with fat and lean body composition, we
examined this further by dividing BMI into fat and lean com-
ponents. The trends of IGF-I and IGFBP-1 with 7-yr height and
BMI were accentuated in subjects of below-median lean BMI
(Table 4A). No interactive effects were seen with adult fat BMI
(Table 4B)°, percentage body fat, waist circumference, or height.
There was also no any interactive effect between sex and any
birth or childhood measurement.

Discussion

We found clear correlations between IGF-I and IGFBP-1
concentrations and cardiovascular risk factors including
blood pressure and glucose, insulin, and fibrinogen concen-
trations. In studying relationships between fetal and child-
hood growth and the adult IGF axis, we found that taller
height or higher BMI at 7 yr was associated with lower
circulating IGF-I and higher IGFBP-1 concentrations in adult-
hood. However, these relationships were dependent on adult
body composition, being seen only in subjects with a low lean
body mass. We found no associations between size at birth
and circulating IGF-I concentrations. There were weak pos-
itive associations between birth weight and ponderal index
at birth and IGFBP-1 concentrations.

IGF-Tis a major endocrine and paracrine regulator of tissue
growth and metabolism, with at least six binding proteins
controlling its bioavailability. IGFBP-1 has both inhibitory
and stimulatory effects on IGF-I, depending on the degree of
phosphorylation. In nonpregnant adults, virtually all of the
circulating IGFBP-1 is in the highly phosphorylated iso-
forms, which have a high affinity for, and are more inhibitory
on, IGF-I (14). The strong associations we observed between
low IGFBP-1 concentration and cardiovascular risk factors
are in keeping with the known inhibition of IGFBP-1 syn-
thesis by insulin (15) and clinical studies linking low IGFBP-1
with impaired glucose tolerance (19, 22), elevated blood pres-
sure (22), and obesity (19, 22). The relationships between
IGF-I concentration and cardiovascular risk factors were less
straightforward to interpret, perhaps reflecting the dual reg-
ulation of IGF-I by insulin and GH. The association of high
IGF-I with insulin resistance and blood pressure is consistent
with the corresponding inverse associations with IGFBP-1
and is likely to reflect the differential regulation of IGF-I and
IGFBP-1 synthesis by insulin. The strong association of IGF-I
with fibrinogen may be related to the link between high
circulating IGF-I and coronary artery disease progression
(23). In contrast, high percentage body fat and waist circum-
ference, well-established risk factors of atherosclerotic dis-
ease (36), were associated with low IGF-I concentrations. This
could be a consequence of low GH activity, consistent with
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TABLE 4A. IGF-I and IGFBP-1 according to current lean BMI and BMI or height at 7 yr

IGF-I (ug/liter)

IGFBP-1 (ug/liter)

Lean BMI Lean BMI P for Lean BMI Lean BMI P for
below median over median trend below median over median trend
BMI at age 7 yr
Lowest tertile 109.4 (92) 90.4 (30) 0.2 69.8 61.4 0.02
Middle tertile 92.2 (56) 95.8 (69) 0.2 79.1 57.5 <0.0001
Highest tertile 94.5 (42) 105.8 (80) 0.02 86.1 54.4 <0.0001
P for trend 0.001 0.16 0.01 0.9
P for interaction 0.056 0.7
Height at age 7 yr
Lowest tertile 108.1 (65) 102.5 (55) 0.9 66.3 63.1 0.008
Middle tertile 102.4 (69) 94.1 (62) 0.8 77.0 57.2 <0.0001
Highest tertile 91.0 (56) 101.3 (62) 0.04 86.9 51.1 <0.0001
P for trend 0.007 0.9 0.0004 0.07
P for interaction 0.008 0.001

Numbers are geometric means. Numbers of cases are shown in parentheses in the IGF-I column, being equal for IGFBP-1 measurements.
Medians and tertiles have been calculated for each sex separately. P values are based on regression models with BMI and height at 7 yr and
current lean BMI as continuous variables, and are adjusted for age and sex. Note the strong trends in subjects with below median adult lean

BMI.

TABLE 4B. IGF-I and IGFBP-1 according to current fat BMI and BMI or height at 7 yr

IGF-I (ug/liter)

IGFBP-1 (uglliter)

Fat BMI Fat BMI P for Fat BMI Fat BMI P for
below median over median trend below median over median trend
BMI at age 7 yr
Lowest tertile 110.6 (78) 94.2 (44) 0.05 73.9 57.9 0.001
Middle tertile 96.5 (62) 91.8 (63) 0.8 77.7 56.8 <0.0001
Highest tertile 98.5 (47) 103.9 (75) 0.5 83.9 53.2 <0.0001
P for trend 0.03 0.7 0.03 0.9
P for interaction 0.04 0.8
Height at age 7 yr
Lowest tertile 106.5 (61) 104.4 (59) 0.6 71.8 58.1 0.003
Middle tertile 103.6 (70) 92.8 (61) 0.3 80.4 54.2 <0.0001
Highest tertile 97.4 (56) 95.1 (62) 1.0 80.8 54.8 <0.0001
P for trend 0.12 0.2 0.02 0.6
P for interaction 1.0 0.2

Numbers are geometric means. Numbers of cases are shown in parentheses in the IGF-I column, being equal for IGFBP-1 measurements.
Medians and tertiles have been calculated for each sex separately. P values are based on regression models with BMI and height at 7 yr and
current fat BMI as continuous variables, and are adjusted for age and sex. The trends in the below median fat BMI group are considerably
attenuated compared to those in the below median lean BMI group shown in Table 4A.

the fact that adult patients with frank GH deficiency have
increased body fat (12), especially intra-abdominal fat (37)
and higher mortality from cardiovascular disease (16). How-
ever, we cannot be sure because assessment of GH secretion
is complex and highly impractical in population studies like
ours. Nevertheless, these differing relationships of IGF-I with
cardiovascular risk factors may in part explain why some
studies associate cardiovascular disease with low (18-21)
and some with high (23) IGF-I.

The key role of the IGF system in regulating growth is
illustrated by mice with knockout of the IGF-I gene (5) or
IGFBP-1 gene overexpression (6) as well as human IGF-I gene
deletion (7). All these examples are characterized by severe
pre- and postnatal growth retardation. In addition, numer-
ous studies show low circulating IGF-I and high IGFBP-1
concentrations in fetuses with intrauterine growth restriction
(8-10) and in children with decreased rates of growth (11).
Studies on monozygotic and dizygotic adult twin pairs have
shown that the proportion of variance attributable to genetic
effects is 38% for the circulating IGF-I concentration, whereas
no significant heritability is found for IGFBP-1 (38). Recently

preliminary evidence has suggested that a polymorphism in
the promoter region of the IGF-I gene is associated with low
birth weight, (39) low adult IGF-I concentration, and an in-
creased risk of type 2 diabetes and myocardial infarction (40).

We found no relationship between IGF-I concentration
and birth measurements and, thus, could not demonstrate
any effect of fetal programming on circulating IGF-I in el-
derly people. This is at variance with studies in children who
have linked low birth weight with elevated serum IGF-I (27,
28) or elevated urinary IGF-I excretion after catch-up growth
(26). In young adults, some studies show a similar association
(29), whereas others do not (41). Possible explanations in-
clude age-induced decline in the activity of the GH-IGF-I axis
(42) or an existing association being obscured by the rela-
tively high morbidity or selective survival of the study pop-
ulation. It is moreover of note that in a population study like
ours, with only a small number of subjects born small for
gestational age, possible programming effects of severe in-
trauterine growth restriction cannot be excluded.

The weak association we observed between low birth
weight or thinness at birth and low IGFBP-1 concentration is
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consistent with previous observations in young adults (41)
and girls with precocious pubarche (25). This was attenuated
after adjustment for insulin concentrations, suggesting that
the effect may in part be mediated through insulin, which
shows inverse associations with birth size in this cohort (4).
Other possible mechanisms include conditions associated
with chronic intrauterine hypoxia such as preeclampsia, in
which IGFBP-1 secreted by the fetal liver is a key mediator
of reduced fetal growth (43).

We found that low IGF-I and high IGFBP-1 concentrations
were strongly associated with high 7-yr height or BMI but
only in subjects of below median adult lean BMI. This was
an unexpected finding, and we can only speculate about the
possible mechanisms involved. Low adult lean BMI may
reflect failure to gain lean body mass during childhood and
puberty or subsequent excessive loss of lean body mass. It
may therefore identify individuals with relative GH/IGF-I
deficiency, or at least a low GH/IGEF-I effect, either now or
in the past. One possible scenario is that the group with tall
height or high BMI in childhood and low lean BMI and IGF-I
in adulthood could be a result of an advanced tempo of
childhood growth, early puberty (44), and subsequent early
cessation of growth with interrupted lean body mass acqui-
sition. In general, only about 5% of lean mass is acquired after
20 yr (45). However, this scenario remains speculative be-
cause we do not have sufficient measurements to determine
the timing of puberty in this cohort. An alternative expla-
nation for low IGF-I in this group includes subsequent un-
dernutrition, which in animal experiments has been shown
to cause hepatic GH resistance (46). Finally, discordance
between tall height in childhood and low adult lean body
mass may indicate loss of lean body mass in adult life. This
could result from disease or lifestyle, again factors that the
present study was not designed to assess.

Although the exact mechanisms behind our observations
remain to be elucidated, their importance is due to their
putative health consequences. Low serum IGF-I is associated
with subsequent development of type 2 diabetes (17), pos-
sibly in part because of reduced survival of pancreatic S-cells
(47). This is of interest because previous observations in this
cohort show that, although impaired glucose tolerance is
associated with low childhood BMI (4), diabetes is predicted
by tall height and high BMI in childhood (48). Correspond-
ingly, coronary heart disease, which is similarly associated
with low circulating IGF-I (18 -21), is in this cohort associated
with high childhood BMI in men (2) and tall height in women
(3) who were small at birth. Further features of a low-IGF
state include reduced bone mineral density (49). This is again
consistent with epidemiological observations in our cohort
that show an increase in the incidence of hip fracture in
subjects with tall height at 7 yr and reduced height increment
thereafter (50).

We conclude that, in elderly people, small size at birth is
weakly related to low serum IGFBP-1 concentration but not
associated with changes in IGF-I. Both IGF-I and IGFBP-1 are
related to childhood growth in subjects who have low lean
body mass as adults. This finding suggests that subjects with
low adult lean body mass and tall height at 7 yr may be at
risk of late-life relative GH-IGF-I insufficiency. Whether
these subjects are also more susceptible for type 2 diabetes,

Kajantie et al. ® Early Growth and Adult IGF-I and IGFBP-1

coronary heart disease, and osteoporosis remains the ques-
tion that needs to be addressed in prospective studies.
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