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Abstract

Strong epidemiological evidence suggests that slow prenatal or postnatal growth is associated with an increased risk of CVD and other
metabolic diseases. However, little is known whether early growth affects postprandial metabolism and, especially, the appetite regulatory
hormone system. Therefore, we investigated the impact of early growth on postprandial appetite regulatory hormone responses to two
high-protein and two high-fat content meals. Healthy, 65—75-year-old volunteers from the Helsinki Birth Cohort Study were recruited;
twelve with a slow increase in BMI during the first year of life (SGI group) and twelve controls. Subjects ate a test meal (whey meal,
casein meal, SFA meal and PUFA meal) once in a random order. Plasma glucose, insulin, TAG, NEFA, ghrelin, peptide tyrosine-tyrosine
(PYY), glucose-dependent insulinotropic peptide, glucagon-like peptide-1 and a satiety profile were measured in the fasting state and
for 4h after each test meal. Compared with the controls, the SGI group had about 1-5-fold higher insulin responses after the whey
meal (P=0-037), casein meal (P=0-023) and PUFA meal (P=0-002). TAG responses were 34—69 % higher for the SGI group, but only
the PUFA-meal responses differed significantly between the groups. The PYY response of the SGI group was 44 % higher after the
whey meal (P=0-046) and 115 % higher after the casein meal (P=0-025) compared with the controls. No other statistically significant differ-
ences were seen between the groups. In conclusion, early growth may have a role in programming appetite regulatory hormone secretion
in later life. Slow early growth is also associated with higher postprandial insulin and TAG responses but not with incretin levels.
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Epidemiological studies have shown that low birth weight and effect on appetite regulation and that the prevention of

slow growth during infancy predict an increased risk of meta-
bolic diseases including CVD™ and type 2 diabetes® in later
life. Although obesity is closely linked with these disorders,
large body size at birth and rapid growth during the early
postnatal period are primarily related to obesity -0,

It has been suggested that prenatal growth as well as growth
during early infancy may influence the appetite regulatory
system by programming appetite regulatory hormones, such
as an orexigenic (ghrelin) and an anorexigenic (peptide tyro-
sine-tyrosine; PYY). Animal studies have supported this
hypothesis, showing that postnatal growth retardation has an

immediate rapid newborn catch-up growth may reduce the
risk of obesity'>!". In addition, an epidemiological study of
young adolescents has found an association between rapid
early growth and the elevated fasting concentration of ghre-
1in™?. Furthermore, increased PYY and decreased ghrelin
concentrations have been described in young children who
were born with low birth weight'®. However, not all studies
have supported the findings of decreased ghrelin levels in
subjects born small-for-gestational age 17,

Recently, we have investigated the acute effects of early
growth on postprandial responses after a fast-food meal and

Abbreviations: CON group, control group; GIP, glucose-dependent insulinotropic peptide; GLP-1, glucagon-like peptide-1; PYY, peptide tyrosine-tyrosine;

SGI group, slow growth during infancy.

*Corresponding author: M.-M. Perili, fax +358 29 524 8661, email mia.perala@thl.fi

ssa.d Ansseniun abpriquie) Aq auljuo paysiignd 056000€ LSt L LL000S/ZLOL 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114513000950

o

British Journal of Nutrition

1592 M.-M. Perili et al.

a meal whose macronutrient content was according to dietary
guidelines. We found that participants who had grown slowly
during early life had elevated postprandial insulin and TAG
levels compared with the controls; however no changes in
glucose levels were observed®. In addition, although TAG
responses were significantly greater for participants with
slow growth during early life, postprandial inflammatory
responses of IL-6, TNF-a and monocyte chemoattractant pro-
tein-1 were similar in both groups"®. To our knowledge, no
study has investigated the effect of postnatal growth on post-
prandial appetite regulatory hormone levels in adulthood.

The incretins glucose-dependent insulinotropic peptide
(GIP) and glucagon-like peptide-1 (GLP-1) are released from
enteroendocrine cells in the proximal and distal gut. They
directly stimulate pancreatic B-cells in response to the inges-
tion of meals or glucose, and this so-called incretin effect
accounts for approximately 50-70% of the total insulin
secretion after a meal®. Alterations in incretin secretion
have been shown in type 2 diabetics®>*". Although it is
widely known that early growth affects glucose and insulin
metabolism, it is still unknown whether alterations in incretin
secretion explain in part the abnormal insulin secretion among
individuals born small-for-gestational age or who grew slowly
during infancy. As far as we are aware, only one study has
investigated birth weight and postprandial incretin levels
and detected similar incretin responses between lean,
young adults born with a low birth weight and age- and
BMI-matched controls®?.

The primary aim of the present study was to examine the
effect of early growth on appetite regulatory hormone
responses to two high-fat content and two high-protein
content meals. The same participants’ postprandial glucose,
insulin, lipids and inflammatory responses after a fast-food
meal and a meal whose macronutrient content was according
to dietary guidelines have been reported earlier®'”. High-fat
and high-protein content meals were chosen because protein
and fat induce the secretion of the appetite regulatory hor-
mones PYY and GLP-1 and suppress the secretion of ghrelin.
Furthermore, the secondary aim was to study whether early
growth affects incretin secretion and glucose, insulin and
lipid responses in adult life.

Experimental methods
Participants

We studied twenty-four overweight (BMI 25-32kg/m?),
65—75-year-old subjects, twelve with slow growth during
infancy (SGI group) and twelve sex-, age- and current BMI-
matched controls (CON group), from the Helsinki Birth
Cohort Study™®®. All individuals (except one) had recently par-
ticipated in a study in which their postprandial responses after
a fast-food meal and a healthy meal were investigated'®. Data
on childhood growth were based on repeated measurements
at child welfare clinics, which have been described previously
in detail®. Growth during infancy was examined as gains in
BMI between birth and 1 year. We converted each measure-
ment of BMI for each individual to a Z-score, which represents

the difference from the mean value for the whole birth cohort
(n 2003) and is expressed as standard deviations. We exam-
ined how much BMI at 1 year of age differed from that
predicted by BMI at birth by using the residual from linear
regression; this measure was called ‘conditional growth’. Sub-
jects in the SGI group had a conditional growth <—0-9sp, and
the conditional growth of the CON group was >—0-9sp. We
excluded those who were born preterm (before 37 weeks of
gestation).

Glucose tolerance was assessed by a 75g, 2h oral glucose
tolerance test, and diabetics were excluded. Other exclusion
criteria were smoking, milk allergy, regular medication that
would have an effect on postprandial glucose or lipid metab-
olism (e.g. antidiabetic drugs, fibrates, glucocorticoids),
gastrointestinal disease influencing absorption or a first-
degree family history of diabetes. Blood donation <90d
before the study was not permitted. Diet, health and lifestyle
data were assessed by questionnaires.

The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all
procedures involving human subjects were approved by the
Ethics Committee of the Hospital District of Helsinki and
Uusimaa. Written informed consent was obtained from all
the subjects.

Study design

The study followed a cross-over design. Subjects were
recruited to participate in a random order in four 1d studies,
separated by approximately 1 week. The participants were
requested to maintain their habitual diet and exercise routines
throughout the study period. In addition, they were not
allowed to drink alcohol, and were asked to avoid strenuous
exercise and sauna for 24 h before each study day. Moreover,
subjects were advised not to take lipid-lowering medication
(statins) preceding the study day. The day before the study
visit, they were asked to eat an evening meal, in accordance
with the instructions they had been given, which would pro-
vide 15% of the calculated daily energy requirement. The
carbohydrate content of the evening meal was 55% of total
energy intake (percentage of energy). The subjects’ mean
energy intake was calculated on the basis of their calculated
BMR, taking the questionnaire data on
daily physical activity®?. Subjects were also asked to fast for
10—12h after their standardised evening meal, to avoid exer-
cise on the morning of the study, and to arrive at the clinic
by car or public transportation.

In the study clinic, body weight and height were measured
and BMI was calculated (changes =2kg in weight were
allowed throughout the whole study period). An intravenous
cannula was inserted into an antecubital vein in the forearm
and an intravenous blood sample (8 ml) was drawn. There-
after, subjects consumed the test meal within 10 min. After
the start of the meal, venous blood samples were collected
at 15, 30, 60, 90, 120, 180 and 240 min.

All participants consumed four different test meals. The
foodstuffs and the nutrient composition of the test meals are
shown in Table 1. Of the four test meals, two high-protein

into account
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Table 1. Foodstuffs and nutrient content of the test meals

Whey meal Casein meal PUFA meal SFA meal
(g/portion) (g/portion) (g/portion) (g/portion)
Components
White bread* 37 37 - -
Rye breadt - - 45 45
Margarine 70 %% - - 11 -
Butter§ 25 25 - 60
Liquid rapeseed oil margarine|| - - 51 -
Cucumber 40 40 40 40
Water 400 400 350 350
Milk powder - - 23 23
Cocoa powder** 27 27 26 26
Wheytt 44 - - -
Casein§§ - 44 - -
Vanilla sugar 5 5 - -
Sugar 15 15 - -
Carbohydrate
g 59 59 51 51
E% 38 38 29 29
Protein
g 45 45 12 12
E% 29 29 7 7
Fat
g 23 23 50 50
E% 33 33 64 64
Energy (kJ) 2638 2638 2961 2961

E%, percentage of energy.

*White bread (Vaasan Iso Paahto — vehn4; Vaasan & Vaasan Limited).

1 Whole-grain rye bread (REAL-ruisleipé; Fazer Limited).
1 Keiju margarine 70 % (Raisio Limited).
§ Butter, lactose-free (Arla Limited).

|| Liquid margarine (Keiju Juokseva Rypsiéljyvalmiste; Raisio Limited).

9 Milk powder (fat-free, lactose-free) (Valio Limited).
**Dumle Cocoa powder (Fazer Limited).

11 Whey protein isolate (protein content 89 g/100 g) (Glanbia Nutritionals).
§§ Calcium caseinate | (protein content 90 g/100g) (DMW International).

meals contained the same amount of energy (2638k]), carbo-
hydrates (59 g), protein (45 g) and fat (23 g). Only the type of
milk protein differed between the meals: whey protein isolate
(whey meal) or calcium caseinate (casein meal). Also, two
high-fat meals contained the same amount of energy
(2961K)), carbohydrates (51g), protein (12g) and fat (50¢).
Only the type of fat (saturated (SFA meal) or unsaturated
(PUFA meal) fat) differed between the test meals.

Appetite measurements

Subjective satiety profiles were measured using a seven-point
visual analogue scale®®. Participants rated their satiety
immediately before each blood sample was drawn. The cat-
egories were scored from 0 ‘I am extremely hungry’ through
3 ‘No particular feeling’ to 6 ‘T am extremely full’. Participants
were requested to mark a vertical line on the horizontal axis
corresponding to their sensations that were most appropriate
at the time.

Laboratory analysis

Blood glucose was analysed by a glucose meter (HemoCue
Glucose 2014+ meter; HemoCue Limited), whose concen-
trations were expressed as mmol/l plasma glucose. For the

determination of plasma TAG, NEFA and insulin, blood was col-
lected in EDTA K2 tubes (Venosafe TM; Terumo Sweden AB).
For the determination of plasma PYY, ghrelin, GLP-1
and GIP, blood was collected in pre-chilled BD™ P800 tubes
(Becton, Dickinson and Company), which contained dipepti-
dyl peptidase IV and other protease inhibitor cocktails.
Immediately after the sample collection, the samples were
centrifuged for 15 min at 4000 rpm (Rotofix 32; Hettich Zentri-
fugen) and the separated plasma was stored at —70°C until
required for analysis. Plasma concentrations of TAG were
measured by an enzymatic glycerol-3-phosphate oxidase
method (Abbott Laboratories), NEFA were measured by an
enzymatic colorimetric method (NEFA-HR(2); Wako Chemicals
GmbH) and insulin was determined by a chemiluminescent
microparticle immunoassay with Abbott reagents. Fasting
total cholesterol at baseline was analysed using an enzymatic
method (Abbott Laboratories). Laboratory analyses of glucose,
insulin, TAG and NEFA were carried out using the Architect
¢i8200 analyser (Abbott Laboratories). PYY (totaD), ghrelin
(active) and GIP (total) were measured using the MILLIPLEX
MAP Human Metabolic Hormone Panel kit (HMH-34K) using
the Luminex 200 System (Luminex Corporation). Plasma
concentrations of GLP-1 were measured against standards of
synthetic GLP-1 7-36-amide using an antiserum (code no.
89 390)(26). The assay measures the sum of the intact, active
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Table 2. Baseline characteristics of the participants
(Mean values and standard deviations)

SGl group CON group
Mean SD Mean sD P*

n 12 12
Male 6 6
Female 6 6

Birth and childhood
Length of gestation (weeks) 39-9 1.3 40-3 19 0-44
Birth weight (g) 3129 360 3597 469 0-012
Birth length (cm) 496 24 51.0 1.5 0-10
Birth BMI (kg/m?) 12.7 1.0 13-8 1.3 0-032
BMI Zscore at birth —0-66 0-85 0-26 11 0-032
Weight at 1 year (kg) 89 0.7 10-8 0.7 <0-001
Height at 1 year (cm) 747 31 76-9 1-4 0-034
BMI at 1 year (kg/m?) 15.9 0-5 18-3 0-8 <0-001
BMI Z-score at 1 year —1.34 0-34 0-44 0-49 <0-001
Conditional growtht -1.23 0-28 0-40 0-32 <0-001

Adult
Age (years) 68-0 21 68-2 34 0-89
Weight (kg) 755 95 80-5 98 0-22
Height (cm) 1671 10-0 1729 8-6 0-14
BMI (kg/m?) 27.0 2.8 27.0 31 0-95
Waist circumference (cm) 90-1 9.7 91-6 9-8 0-71
Fasting glucose (mmol/l){ 5.47 0-43 5-54 0-52 0-74
2h Glucose (mmol/l)§ 8-03 1.43 777 1.03 0-61
Fasting insulin (pmol/l)f 49.7 21.2 52.4 356 0-82
Fasting cholesterol (mmol/l) 5.06 0.72 4.72 0-84 0-29
Fasting NEFA (mmol/l) 0-44 0-19 0-52 0-12 0-20
Fasting TAG (mmol/l){ 1.27 0-43 1.30 0-60 0-87

SGI group, group with slow growth during infancy; CON group, control group.
* P values reflect differences between the groups, tested by independent sample t tests.

1 BMI at 1 year of age conditional on BMI at birth.
1 Fasting values are based on the first study visit.

§ The 2h glucose value is based on the oral glucose tolerance test.

hormones and the metabolites generated by dipeptidyl pepti-
dase. The results therefore reflect the secretion of GLP-1.

Statistical analysis

GLP-1 and subjective satiety profiles were measured only in
the whey meal and the casein meal. The 4h incremental
area under the glucose, insulin, TAG, PYY, GIP and GLP-1
response curve (incremental AUC) and the 4h incremental
area over the NEFA response curve (incremental area over
the curve) were calculated using a trapezoidal method for
each test meal®”. In addition, the 2h glucose, insulin PYY,
GIP and GLP-1 incremental AUC and the 4h total AUC of
the satiety profile, and ghrelin were also calculated.

Glucose, insulin, TAG, PYY, ghrelin and GLP-1 responses
were not normally distributed and were therefore log-trans-
formed. Repeated-measures ANOVA was used for testing the
differences between the study groups. If repeated-measures
ANOVA was significant, an independent sample # test was
used to test whether the study groups differed from each
other in the different test meals. An independent sample
t test was also used for testing the differences in the baseline
characteristics of the subjects between the study groups. All
statistical analyses were carried out with the PASW Statistics
version 18 for Windows® (SPSS Inc.). The level of significance
was P<0-05. Results are expressed as means with their stan-
dard errors, except for the subjects’ characteristics, which are
presented as means and standard deviations.

Results
Subject characteristics

The baseline characteristics of the subjects are illustrated in
Table 2. Although the subjects in the SGI group were slightly
shorter and lighter in adulthood compared with the CON
group, the mean BMI of the study groups was identical
(270 kg/mz). In addition, no differences were observed
between the study groups in fasting concentrations of glucose,
insulin and lipids. Cholesterol-lowering medication (statins)
was used in five subjects in the SGI group and four in the
CON group. Moreover, seven subjects in the SGI group and
five subjects in the CON group had impaired glucose tolerance
(2h glucose concentration >7-8 mmol/D.

Glucose and insulin responses

After the ingestion of all test meals, the concentration of
plasma glucose slightly increased during 15—30 min, declining
thereafter and returning towards the fasting concentrations
(Fig. 1. The 2 and 4 h glucose responses did not differ signifi-
cantly between the study groups (Table 3).

Growth during infancy affected the insulin postprandial
responses and the 2 and 4h insulin responses were signifi-
cantly higher for the SGI group compared with the CON
group after the casein meal (P=0-031 and P=0-023, respect-
ively), the whey meal (P=0:066 and P=0-037, respectively)
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Fig. 1. Mean responses of plasma glucose to (a) a casein meal (A, A) and whey meal (O, ®) and (b) a SFA meal (A, A) and PUFA meal (O, @) and insulin to
(c) a casein meal (A, A) and whey meal (O, ®) and (d) a SFA meal (A, A) and PUFA meal (O, @) for subjects with a small body size at birth and slow growth

during infancy (O, A) and for the control group (®, A).

and the PUFA meal (P=0-008 and P=0-002, respectively)
(Fig. 1; Table 3). The 2 and 4h insulin responses were also
greater for the SGI group compared with the controls after
the SFA meal (P=0:073 and P=0-61, respectively), although
differences did not reach a statistically significant level.

TAG and NEFA responses

The 4h TAG responses of the test meals were significantly
higher for the SGI group compared with the CON group
(Fig. 2; Table 3). Additional analyses showed that the postpran-
dial response of the PUFA meal was higher for the SGI group
(P=0-000) and produced a 1-7-fold higher TAG response com-
pared with the controls. Postprandial TAG responses of the
whey meal (P=0-053), casein meal (P=0-158) and SFA meal
(P=0:074) were also higher for the SGI group than the CON
group; however, the differences did not reach a statistically sig-
nificant level. NEFA responses did not differ significantly
between the study groups (Table 3). All the study meals sup-
pressed NEFA initially and reached the nadir within 60—90 min.

Appetite regulatory hormone and incretin responses

The postprandial concentration of PYY increased (Fig. 3)
and ghrelin decreased (Fig. 2) after the consumption of the
test meals. Postprandial PYY responses were slightly higher
for the SGI group compared with the CON group in all the

test meals (Table 3). However, only the 2h responses differed
significantly between the study groups after the whey meal
(P=0-046) and after the casein meal (P=0-025). The total
ghrelin responses were slightly greater for the SGI group
after two high-protein meals and slightly smaller after two
high-fat meals; however, the differences did not reach a stat-
istically significant level (Fig. 2; Table 3).

The measures of subjective satiety (visual analogue scale)
increased after the ingestion of both high-protein meals,
reaching peak values by 30—60min and declining thereafter
(Fig. 3). The total 4h visual analogue scale response curve
was slightly, but not significantly, higher for the SGI group
after the whey meal (882 (sE 68) v. 781 (sE 62); P=0-28) and
after the casein meal (803 (sE 56) v. 777 (SE 57); P=0:77).

Neither fasting concentrations nor postprandial responses of
GLP-1 or GIP differed significantly between the study groups
(Table 3). Postprandial concentrations of GLP-1 peaked at
120 min and GIP at 90—120 min after the consumption of all
the study meals, after which the concentrations declined
towards the baseline values (Fig. 3).

Discussion

We investigated the influence of early growth on the postpran-
dial responses of appetite regulatory hormones to two high-
protein and two high-fat content meals in overweight adult
men and women. We showed that postprandial responses of
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Table 3. Postprandial 2 and 4 h responses of the test meals
(Mean values with their standard errors)
Whey meal Casein meal PUFA meal SFA meal
SGI group CON group SGl group CON group SGI group CON group SGil group CON group
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE P*
2h Glucose IAUC 55 16 48 11 83 22 53 13 72 17 43 9 55 13 67 13 0-363
(mmolxmin/l)
4h Glucose IAUC 88 23 81 14 105 24 81 19 103 16 77 12 80 20 103 24 0-963
(mmol X min/l)
2h Insulin IAUC 57524 9066 38115 8200 491921 6817 30366 5721 278691 5563 13508 1485 27083 3644 17314 2359 0-025
(pmol x min/l)t
4h Insulin IAUC 81107t 13418 52570 11881 66607t 10168 38636 6946 352271 6885 19203 3203 33469 4824 21608 3150 0-036
(pmol x min/l) =z
4h TAG IAUC 70 11 45 10 59 9 44 8 1541 21 91 10 132 18 88 12 0-015 i
(mmol x min/l) =
4h NEFA IAOC 59 10 89 12 71 13 55 9 36 11 41 9 31 9 38 7 0-384 o
(mmol x min/l) s
2h PYY IAUC 68801 830 4772 977 6876t 1549 3196 994 7097 1222 8849 1682 6218 1428 3229 848 0-005 :
(pg X min/ml)t =
4h PYY IAUC 11010 1898 8042 1536 11300 2895 6151 1646 15955 3373 20944 4086 15537 5589 8393 1952 0-15 8
(pg X min/ml){
4h Ghrelin total AUC 5213 1033 4390 746 6410 1469 5081 1033 6156 1056 7347 576 6673 1104 7515 857 0-949
(pg X min/ml){
2h GIP IAUC 35222 4519 36445 7063 26990 3218 26818 4653 35848 6324 21034 5421 31376 4682 34776 9228 0-784
(pg X min/ml)
4h GIP IAUC 71880 7896 77132 12001 63734 6139 61819 9387 81344 13974 56530 11113 72576 9128 72323 14593 0-698
(pg x min/ml)
2h GLP-1 IAUC 1810 400 2058 422 2283 925 1466 353 NA NA NA NA 0-863
(pmol x min/l)
4h GLP-1 IAUC 3587 676 3765 671 4312 1369 2743 619 NA NA NA NA 0-294

(pmol x min/l)

SGi group, slow growth during infancy; CON group, control group; IAUC, incremental AUC; IAOC, incremental area over the curve; PYY, peptide tyrosine-tyrosine; GIP, glucose-dependent insulinotropic peptide; GLP-1, glucagon-
like peptide-1; NA, not analysed.

* Differences between the groups tested by repeated-measures ANOVA. If significant (P<0-05), an independent sample t test was performed to test whether the study groups differed from each other in the different test meals.

1 Mean values were significantly different from the CON group (P<0-05; independent sample ¢ test).

1 Postprandial responses were log-transformed before the analyses.
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Fig. 2. Mean responses of plasma TAG to (a) a casein meal (A, A) and whey meal (O, ®) and (b) a SFA meal (A, A) and PUFA meal (O, ®), NEFA to (c) a casein
meal (A, A) and whey meal (O, @) and (d) a SFA meal (A, A) and PUFA meal (O, @) and ghrelin (e) a casein meal (A, A) and whey meal (O, ®) and (f) a SFA
meal (A, A) and PUFA meal (O, @) for subjects with a small body size at birth and slow growth during infancy (O, A) and for the control group (®, A).

the appetite regulatory hormone PYY were significantly
higher and satiety profiles were slightly, but not significantly,
greater for the SGI group. To our knowledge, this is the first
study that has examined the effect of early growth on post-
prandial appetite regulatory hormone responses in adults. In
addition, postprandial insulin and TAG responses were
significantly higher for the SGI group compared with the
age-, sex- and BMI-matched controls. Insulin responses were
especially higher after the high-protein content meals and
TAG responses after the high-fat content meals. We have pre-
viously reported that postprandial TAG and insulin responses
of these same individuals after the high-carbohydrate and

high-fat content fast-food meal were significantly higher for
subjects with slow early growth compared with age- and
BMI-matched controls, as well as slightly higher after a break-
fast prepared according to nutritional recommendations™®. In
the present study, we showed that postprandial TAG
responses were also higher after a high-protein meal that con-
tained only a moderate amount of fat (23 g).

The present finding of increased anorexigenic PYY
responses as well as a slightly greater subjective satiety profile
may indicate greater satiety responses after the meal among
subjects who grew slowly during early life. This result

supports the hypothesis that early growth may programme
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Fig. 3. Mean responses of plasma peptide tyrosine-tyrosine (PYY) to (a) a casein meal (A, A) and whey meal (O, @) and (b) a SFA meal (A, A) and PUFA meal
(O, @), glucose-dependent insulinotropic peptide (GIP) to (c) a casein meal (A, A) and whey meal (O, ®) and (d) a SFA meal (A, A) and PUFA meal (O, @), gluca-
gon-like peptide-1 (GLP-1) to (e) a casein meal (A, A) and whey meal (O, @) and satiety profile (visual analogue scale; VAS) to (f) a casein meal (A, A) and whey
meal (O, @) for subjects with a small body size at birth and slow growth during infancy (O, A) and for the control group (®, A).

appetite regulatory systems. There is strong epidemiological
evidence that subjects who were born with a small body
size and grew slowly during infancy are less likely to
become obese in adult life, whereas rapid growth during
infancy has been associated with obesity in later life®~®. We
suggest that this could be, at least partly, due to a programmed
appetite regulatory system. An epidemiological study has
supported this by showing that rapid weight gain in infancy
is associated with a higher fasting concentration of ghrelin,
reflecting alterations in the appetite regulatory system'?.

The present results are also in accordance with previous
studies of young children which showed that infants who
were born with a low birth weight'® or born preterm‘!2%2”
had elevated levels of fasting PYY, reflecting greater satiety.
The results from previous studies in which the association
between birth weight and fasting levels of ghrelin has been
investigated are conflicting, showing no differences 1%,
decreased® or even elevated>'” ghrelin levels among
children born with a low birth weight compared with controls.
To our knowledge, only one study has investigated the effect
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of birth weight on postprandial appetite regulatory hormone
responses in adulthood, and detected no effect of birth
weight®®. However, in contrast to the present study, they
measured only GLP-1 levels, not other hormones that are
involved in appetite regulation. In addition to the incretin
effect, GLP-1 also delays the transit of nutrients from the
stomach to the duodenum and decreases food intake®®. It
has also been demonstrated in animal models that postnatal
growth retardation has a greater effect on appetite regulation
than prenatal growth®; however, contradictory results
also exist®

Our observations of elevated insulin responses among
individuals who grew slowly during early life may illustrate
insulin resistance. This finding is consistent with previous
studies that have reported increased insulin responses and
impaired insulin sensitivity among low-birth-weight partici-
pants after intravenous or oral glucose tolerance testing®®.
In addition, insulin is also an important satiety signal®®. The
observed elevated postprandial insulin responses in the SGI
group may thus also reflect higher satiety feelings in the post-
prandial state. In spite of over 1-5-fold higher insulin
responses in the SGI group, we did not find differences in
GLP-1 and GIP responses between the study groups. This
finding is in line with a previous study of Schou et al®®,
who found that subjects with a low birth weight had
higher insulin responses compared with matched normal-
birth-weight participants, whereas GLP-1 and GIP responses
did not differ between the groups. In addition, it has been
demonstrated that GLP-1 concentrations after a meal are
impaired in type 2 diabetics and only slightly reduced in par-
ticipants with impaired glucose tolerance®”. Therefore, it is
likely that growth retardation during early life alone does
not affect incretin levels.

Although fasting TAG concentrations did not differ signifi-
cantly between the study groups, we observed higher post-
prandial TAG responses after the high-protein and high-fat
content meals for the SGI group compared with the CON
group. This finding indicates that individuals who grew
slowly during early life may have changed lipid metabolism,
which could be the result of altered liver function, as detected
in animal studies®*~3®_ It has been reported earlier that pre-

37 and

natal growth has only a moderate effect on fasting
postprandial ?**” TAG levels, whereas postnatal growth has
a much greater effect'®* Therefore, we suggest that our
observed elevated TAG responses are mostly due to growth
retardation during infancy.

We have previously discussed the possible limitations of the
present study™®. Briefly, although the recruiting criteria of the
present study groups were growth during the first year of life,
the present study subjects who had grown slowly during the
first year of life were also born with a small body size. Thus,
we cannot distinguish between the effect of body size at
birth, postnatal growth or the combination of the two on post-
prandial responses. In addition, as all subjects were 65-75
years old, the present findings of early growth and postpran-
dial responses need to be confirmed also in younger popu-
lations. A possible limitation of the present study may also
be the small sample size; therefore, further studies are

needed to replicate the present findings. Moreover, the assay
that we used for PYY determination did not differentiate
between PYY (1-36) and PYY (3-36); therefore, total hor-
mone concentrations may not reflect active hormone levels.
The different form of PYY may also have different roles in
food intake regulations‘'®.
whether the active PYY responses would have been different
among the study groups.

In conclusion, the findings of the present study suggest a
programming effect of early growth on the concentrations of
PYY. The present results also indicate that slow early growth
may have an adverse effect on postprandial insulin and TAG
responses in adulthood. Different appetite regulatory hor-
mone responses may at least partly explain the decreased
risk of obesity in later adult life among individuals who
experienced slow growth during early life.

Therefore, we cannot know
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