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Experimental evidence indicates that the primary maternal environmental factor that regulates
feto–placental growth is substrate delivery to the placental site, which is the product of maternal
substrate levels and the rate of placental-bed blood flow. Thus, maternal factors which change
either substrate level or flow alter feto–placental growth rate. The best-studied substrate in human
pregnancy is glucose, and there is a direct relationship between maternal blood glucose levels and
size at birth. Altering the type of carbohydrate eaten (high- v. low-glycaemic sources) changes
postprandial glucose and insulin responses in both pregnant and non-pregnant women, and a
consistent change in the type of carbohydrate eaten during pregnancy influences both the rate of
feto–placental growth and maternal weight gain. Eating primarily high-glycaemic carbohydrate
results in feto–placental overgrowth and excessive maternal weight gain, while intake of low-
glycaemic carbohydrate produces infants with birth weights between the 25th and the 50th
percentile and normal maternal weight gain. The calculated difference in energy retention with
similar total energy intakes is of the order of 80 000 kJ. Preliminary information from subsequent
metabolic studies indicates that the mechanisms involved include changes in: daily digestible
energy requirements (i.e. metabolic efficiency), substrate utilization (glucose oxidation v. lipid
oxidation), and insulin resistance and sensitivity. Thus, altering the source of maternal dietary
carbohydrate may prove to be a valuable tool in the management of pregnancies at risk for
anomalous feto–placental growth and for the prevention and/or treatment of obesity and insulin
resistance in the non-pregnant state.

Pregnancy: Diet: Glycaemic index: Metabolism: Feto–placental growth

At the outset, I want to make it clear that I am not a
nutritionist and my knowledge in the area is limited. I am an
obstetrician by training, and my research interests have
always been the study of maternal–fetal interactions and
how these interactions regulate feto–placental growth
(Clapp, 1994). These interests inevitably led me to begin
examining the feto–placental adaptive responses to
everyday maternal behaviours such as physical activity and
food intake. The latter is the topic of the present paper,
which will begin with some background information about
the role of environment in the regulation of fetal growth,
followed by a brief review of the research findings which
suggested that differences in maternal carbohydrate intake
could alter feto–placental growth and maternal energy
storage. Data addressing this point will then be presented,

including some recent preliminary findings which identify
at least some of the underlying regulatory mechanisms.
Finally, there will be a broader discussion of the potential
for using changes in carbohydrate intake as a public
health tool to decrease the incidence of obesity and glucose
intolerance in society at large.

Feto–placental growth regulation

A large body of experimental evidence indicates that the
primary maternal extrauterine or ‘environmental’ factor
which regulates feto–placental growth is substrate delivery
to the placental site (the product of substrate level in the
maternal compartment and the rate of placental-bed blood
flow; Clapp, 1991, 1994). Factors which alter substrate
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Experimental results

First, palatable diets with exchanges containing either
primarily high- or low-glycaemic types of carbohydrate
were developed. Representative sources of both types of
carbohydrate are listed in Table 1. The high-glycaemic
sources rather than the low-glycaemic sources typify those
prominent in the diets of individuals living in Western
industrialized societies.

The first experimental series employed a cross-over
design, non-pregnant volunteers and standardised mixed
energy food challenges. The principal finding was that the 3h
postprandial glucose and insulin responses to 2260 kJ mixed
meals containing 55% of their energy as high- or low-
glycaemic carbohydrate were significantly higher (P < 0·001)
after ingesting the high-glycaemic meal (average 3 h glucose
response 0·72 mmol/min v. 0·33 mmol/min, insulin response
168 nmol/min v. 102 nmol/min; Clapp, 1998).

The second experimental series employed a randomized
prospective design in which all women were placed on a
weight-maintaining diet containing primarily low-
glycaemic types of carbohydrate before pregnancy and then,
at 8 weeks gestation, they were randomized to continue
the low-glycaemic diet or to change to an isoenergetic
diet containing similar amounts and types of protein and
fat, but high-glycaemic carbohydrate rather than low-
glycaemic carbohydrate. The dietary intakes of all subjects

were monitored twice weekly throughout the pregnancy,
and maternal weight gain and the glucose and insulin
responses to diet were assessed monthly (Clapp, 1998).

To date, ten women have completed each arm of the
protocol. The women who were randomized to the high-
glycaemic diet demonstrated a progressive increase in the
area under the 3 h postprandial glucose and insulin
responses throughout pregnancy, while those who
consumed the low-glycaemic diet experienced no increase
in their glucose response and a blunted insulin response.
Average data for mid (24–28 weeks) and late (32–36 weeks)
pregnancy are shown in Table 2. In Table 3 these data have
been used to calculate several average indices of insulin
resistance and sensitivity on the two diets (Matsuda &
DeFronzo, 1999). Low-glycaemic forms of carbohydrate in
the diet blunt the mid and late pregnancy increase in insulin
resistance typically seen in women who live in Western
industrialized societies.

The women who were randomized to the high-glycaemic
diet also experienced excessive weight gain and were
delivered of symmetrically larger infants and placentas
(Clapp, 1997). The current morphometric data are presented
in Table 4. The 800g difference in birth weight is more than
twice that mentioned earlier for vigorous sustained exercise,
and the difference was due to an increase in both fat mass
and lean body mass. Also, all morphometric variables were
well within normal limits in the low-glycaemic diet group,
while those in the high-glycaemic group exceeded the 90th
percentile for the population under study (Amini et al.
1994).

These findings paved the way for detailed metabolic
studies which are now being conducted at the Case Western
University General Clinical Research Center at MetroHealth
Medical Center. The subjects are non-pregnant women who
are studied under controlled environmental and dietary
conditions using a randomized cross-over design. Each
woman is randomized to begin the protocol on either a high-
or low-glycaemic weight-maintaining diet, and an energy
balance study, multiple resting metabolic rates, a 16 h
glucose and insulin profile and a euglycaemic clamp are
completed during the third week. Then, after a wash-out
period, the sequence is repeated on the other diet. To date
the data indicate that there is no difference in resting
metabolic rate, but the digestible energy intake necessary to
maintain a stable weight is 8 % greater and total energy

Table 1. Typical low- and high-glycaemic-carbohydrate food sources

Low-glycaemic sources High-glycaemic sources

Whole grains and unprocessed
rice

Beans and other non-tuberous
vegetables

Pasta (unless overcooked)
Most fruits and unsweetened

juices
Unsweetened chocolate
Nuts
Dairy products

Processed grains (flour, bread,
cereals)

Tuberous vegetables (potato,
carrot, parsnip)

Typical desserts (baked goods,
confectionery)

Soft drinks and sweetened juices
Other snack foods
Maize
Ripe bananas and some tropical

fruit

Table 2. Glucose and insulin responses to a low-glycaemic or a high-glycaemic diet and a 2260 kJ test meal in mid (24–28 weeks) and late
(32–36 weeks) pregnancy†

(Mean values with their standard errors)

Low-glycaemic diet High-glycaemic diet

Mid pregnancy Late pregnancy Mid pregnancy Late pregnancy

Mean SE Mean SE Mean SE Mean SE

Fasting glucose(mmol/l)
Fasting insulin (nmol/l)
Average glucose increase

postprandially (mmol/l per min)
Average insulin increase

postprandially (nmol/l per min)

3·83
67

0·61

138

0·11
9

0·18

30

3·78
63

0·60

186

0·11
9

0·23

30

4·00
83

1·44*

234*

0·17
11

0·17

36

4·28*
131*

1·56*

324*

0·22
15

0·22

48

Mean values were significantly different from those for the low-glycaemic diet at the corresponding stage of pregnancy: *P < 0·05.
†For details of experiment, see above.
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is associated with a lower incidence of type 2 diabetes in
the elderly of both sexes. This information suggests that
the response may be either magnified in, or limited to,
individuals with some extent of pre-existing obesity or
insulin resistance, which would help to explain the dramatic
differences seen in mid and late pregnancy, a time of
increasing insulin resistance in Western industrialized
society. In any case, additional randomized well-controlled
and monitored studies with well-defined outcome variables
will be necessary to assess validity. If these results
demonstrate real benefit, then introducing dietary
recommendations stressing the health-related value of
eating low-glycaemic types of carbohydrate into public
health policy should be seriously considered.
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