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Excessive carbohydrate intake in pregnancy and
neonatal obesity: study in Cap Bon, Tunisia
I DE SCHAMPHELEIRE, M A PARENT, AND C CHATTEUR

Projet Tuniso-Belge de Medecine Integree au Cap Bon, Nabeul, Tunisia

SUMMARY A high incidence (over 20%) of obesity was found in 250 neonates living in a rural area

of Tunisia, by using weight and ponderal index per gestational age as the nutritional index. Maternal
diabetes was probably excluded. Two surveys on nutritional habits-one on the general population
and the other on pregnant women-showed a tendency to consume a high carbohydrate and low
protein diet. The effect of a badly balanced maternal diet on the fetus is discussed.

The Cap Bon peninsula is a fertile region of Tunisia,
with a sedentary population living mainly on agri-
culture, fishing, craftsmanship, and tourism. The fact
that there are so many 'big babies' at birth prompted
us to try to define fetal growth and nutrition. If
more were known about the nutritional features of
this population of neonates, there could be a better
understanding of the country's health problems. A
strategy of nutritional education for the pregnant
woman and her child could then be established.

Materials and methods

We studied 250 newborn babies chosen at random
from a nursery in Beni Khalled, a small town with a
population of 10 000 in Cap Bon. The babies were
all singletons, so 4 pairs of twins were excluded. The
nursery is under the control of a midwife who is
herself supervised by a doctor. Any dystocia
requiring medical intervention is referred to the
nearby regional hospital.

Gestational age was determined using Dubowitz's
method,' as we found in a blind study that this gave
a margin of error of ± 1 week.2 Nutritional status
was assessed using the method of Lubchenco et
al.-4 Rohrer's ponderal index (PI) was used to
calculate the relative amount of soft tissue mass
present in an infant." This was calculated as
follows: birthweight (in g)/crown-to-heel length (in
cm3) x 100. Using PI curves related to gestational
ages the following classification was made (see Fig. 2).
(1) Above the 97th centile: markedly excessive
accumulation of soft tissue mass (marked obesity).
(2) Between the 90th and the 97th centiles: moder-
ately excessive accumulation of soft tissue mass
(moderate obesity).

(3) Between the 10th and the 90th centiles: pro-
portionate soft tissue mass.
(4) Between the 3rd and the 10th centiles: moder-
ately reduced soft tissue mass (moderate mal-
nutrition).
(5) Below the 3rd centile: markedly reduced soft
tissue mass (severe malnutrition).

Because PI curves vary between one recommended
method and another we chose Miller's classifica-
tion,57 as the mean birthweight per gestational age
of his neonates was close to that of ours.
The diet of 150 pregnant women was assessed

individually, by interviewing each woman. Student's
t test was used for statistical analysis.
Urine samples of 600 women were screened for

sugar using Benedict's reagent.

Results

The mean birthweights per gestational ages are
shown in Table 1. Classification according to weight
and gestational age is shown in Fig. 1 and Table 2.

77% of neonates had normal birthweights,5 0 * 8%
were small-for-dates, and a rather high percentage
(22 Y.) were large-for-dates. 5 * 6% of all neonates
had birthweights <2500 g excluding twins (7 7%
including them). The frequency of prematurity was
20-8%.
The mean PI per gestational age is shown in

Table 3.
No statistically significant differences were found

between the means of any group at any week of
gestation using Student's t test, except for girls at
term. This lack of variation from week to week is in
keeping with Miller's observations. Thus the need
to determine gestational age precisely is not an
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Table 1 Mean birthweights per gestational ages of 250 neonates
Gestational age (wveeks)

35 36 37 38 39 40-41 Term
37-41

No of neonates (boys and girls) 16 27 61 88 36 13 198
Meanbirthweight(g) 2-767 3-055 3-210 3.269 3.375 3.786 3-306
SD 419 408 411 364 372 370 411
P P0-001 NS NS NS P<0.01

No of boys 8 13 30 42 16 9 97
Meanbirthweight(g) 2-800 3.107 3.284 3.369 3-474 3-867 3.406
SD 373 495 464 348 348 332 413
P NS NS NS NS P<0.02

No of girls 8 14 31 46 20 4 101
Mean birthweight (g) 2.736 3*007 3*154 3*180 3*296 3*612 3.212
SD 496 318 407 357 380 445 387
P NS NS NS NS NS

Pvaluebetweenboysandgirls NS NS NS P<0.02 NS NS P<0-001
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Fig. 1 Classification of neonates10th according to weight and gestational age.
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essential requirement for nutritional classification
for babies thought to be term ones.f7 Fig. 2 and
Table 4 show the classification according to PI and
gestational age.

23 * 2% of neonates had excessive amounts of soft
tissue mass, of whom 10'8% had a pronounced
excess and 12 4% a moderate excess. 7 2% had
reduced amounts of soft tissue mass (moderate
6 * 4% and severe 0 * 8 %).

If two methods of assessing nutrition are com-
pared (birthweight and PI per gestational age) the

following results can be found: (1) in the group of
large babies (>90th centile), 73% had a high PI and
27% a normal PI; (2) all small-for-dates babies had
a normal PI; (3) in the group of neonates with a high
PI (90th centile), 69% were large-for-dates, and
31 % were of appropriate weights for ages; (4) all
neonates with a low PI had weights appropriate for
ages.
Each method seemed to measure different

characteristics of growth. Among the large babies,
73% had excessive amounts of soft tissue mass and

Table 2 Classification of250 neonates according to weight and gestational age
Gestational age (weeks)

Preterm (208 %) Term (79.2%)

Weight 30-34 35 36 37 38 39 40 41 Total
(centiles)

__ No
n=9 n=16 n=27 n=61 n=88 n=36 n=11 n=2
(3 6%) (6.4%) (10 8%) (24 4%) (35.2%) (14 4%) (4.4%) (0 8%Y.)

Large
(>90th) 3 2 5 14 17 7 6 1 55 22

Appropriate
(10-90th) 6 14 22 47 70 28 5 1 193 77.2

Small
(<10th) 0 0 0 0 1 1 0 0 2 0.8

Table 3 Mean ponderal index per gestational age
Gestational age (weeks)

35 36 37 38 39 40-41 Term
(37-41)

No ofneonates (boys and girls) 16 27 61 88 36 13 198
MeanPI 2.620 2.590 2-652 2-663 2-677 2-803 2.672
SD 0-231 0.258 0-274 0.238 0.238 0-210 0.249
P NS NS NS NS NS

No ofboys 8 13 30 42 16 9 97
Mean PI 2.597 2.650 2-702 2.698 2-783 2.825 2-725
SD 0.310 0.273 0.311 0.259 0.216 0-224 0.267
P NS NS NS NS NS

No of girls 8 14 31 46 20 4 101
MeanPI 2.643 2.535 2-604 2.633 2.594 2-755 2-621
SD 0.130 0-240 0.227 0-216 0.223 0.194 0-219
P NS NS NS NS P<0-05

Pvaluebetweenboysandgirls NS NS NS NS P<0-05 NS P<0-01

Table 4 Classification of250 neonates according to ponderal index and gestational age
Gestational age (weeks)

Total
Ponderal index 30-34 35 36 37 38 39 40 41
(centile) (n=9) (n=16) (n=27) (n =61) (n=88) (n=36) (n=11) (n=2) No %

>97th 1 3 3 7 6 4 2 1 27 10-8
90-97th 0 0 2 7 14 5 3 0 31 12.4
10-90th 5 13 20 42 63 24 6 1 174 69.6
3rd-lOth 2 0 2 5 4 3 0 0 16 6.4
< 3rd 1 0 0 0 1 0 0 0 2 0*8

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.55.7.521 on 1 July 1980. D

ow
nloaded from

 

http://adc.bmj.com/


524 De Schampheleire, Parent, and Chatteur

.-Ie
0 0

.0

97th

90th

eDC-,

Dt

50th
L

Fig. 2 Classification of
neonates according to ponderal
index and gestational age.

10th

0 0 3rd

I lF I I

30 31 32 33 34 35 36 37 38 39 40 41 42

Weeks

could truly be described as obese, while 27% had a
proportionately normal soft tissue mass and could
thus be described as tall. A greater number of obese
infants could be diagnosed by using the PI centiles
(31 % more) than by using birthweights only. PI
centiles also gave a more accurate diagnosis of
intrauterine growth retardation. Indeed, 18 neonates
had a low PI and normal birthweights.
A study of dietary habits of 150 pregnant women26

had shown that the daily diet was based monoton-
ously on couscous, pasta and bread, vegetables and
fruit in season. Olive oil was profusely used for
cooking and was even drunk; only one-third of
these women could afford to eat meat more than
twice a week; fish was sometimes part of the menu
if in season and available; one-third of them did not
eat eggs, and half of them did not drink milk or eat
milk products.

There was only one positive result in the urine
samples of 600 pregnant women who were screened
for sugar. Further investigations for diabetes were
not considered necessary.

Discussion

The mean birthweight of term neonates in our series,
and in several other series in Tunisia, 9 was similar
to that found in industrialised countries. Birthweight
alone was not a reliable indicator of fetal growth
impairment,>7 and a more accurate assessment of
the nutritional status could be made by using weight
and the PI per gestational age.
We found a large proportion of big babies in our

population. More than 20% of them were heavy at
birth and had excessive soft tissue mass, 73% of
them were truly obese, and 27% were tall babies.
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Data from developing countries suggest that the
prevalence of obesity is increasing. Although it is
usually fairly low in the general population, it can
be surprisingly high among segments of the popu-
lation.'0-"

Theories about obesity vary but many reports
suggest there is a possible correlation between
weight in infancy, weight in childhood, and weight
in adulthood.119-'
None of the 250 mothers was a known diabetic

and the urine results from 600 pregnant women in
the same population make diabetes an unlikely
explanation for neonatal obesity.
The nutritional habits of the general population

in Tunisia suggest possible explanations for the
high frequency of neonatal obesity. The total intake
of kcal per caput a day in Tunisia is 2250.20 This
figure is close to the general mean figure found in
developing countries (2200 kcal per caput a day).
The normal diet is generally badly balanced. Indeed,
a recent national study on nutrition showed the
following proportions of caloric intakes in the local
diet:21 carbohydrates 62 0%, proteins 11 -6%, and
lipids 26 *4 %. This is a rather high carbohydrate and
low protein diet. The main sources of calories are
provided from cereals (62 - 2 Y.) and olive oil
(18 2%). Only 14% of proteins are of animal
origin, while 86% are of vegetable origin (of which
75% are cereals). Olive oil is the main source of
lipids (69 5 %), the rest coming from cereals and
animal products. No difference was found in dietary
habits between pregnant women and the general
population.
The importance of the nutritional status of a

pregnant woman and the effect of her diet on her
baby during pregnancy are well documented." 22-24
A badly balanced and mainly hyperglucidic diet in
the mother during the time of her pregnancy would
lead to continuous proportionately higher passage
of glucose and to a badly balanced 'fetal diet'.
The clinical importance of fetal carbohydrate

metabolism was reviewed by Gabbe and Quilligan.25
Placental transfer of glucose is characterised as
facilitated diffusion. Thus, although diabetic glucose
levels are not reached in the mother, higher levels
than normal are obtained in the fetus over a long
period of time. The duration rather than the degree
of hyperglycaemia may be important. As maternal
insulin does not cross the placenta, the fetus responds
to the continuous increased glucose supply by
increasing his own insulin secretion. This increase
in substrate and insulin results in more glycogen
synthesis, more adipose tissue, and a macrosomic
infant. This series of mechanisms may explain the
nature of obesity found in the babies in our popu-
lation.

The high frequency with which neonatal obesity
was found, and the knowledge of the dietary habits
of pregnant women should lead to a specific strategy
of nutritional education. Such a strategy should aim
at improving the balance of nutritional intakes-that
is, decreasing carbohydrates and increasing proteins
(meat, fish, eggs). If for lack of money and reasons
of custom the diet has to be mainly of vegetable
origin, an appropriate combination of vegetables
would provide all the essential amino-acids (chick
peas, beans).
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