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Abstract

Dietary glycaemic index and glycaemic load (GL) have been related to obesity and other health outcomes. The objective of the present

study was to examine the associations between maternal dietary GL and gestational weight gain, birth weight, the risk of giving birth

to a child large-for-gestational age (LGA) or small-for-gestational age and postpartum weight retention (PPWR). Data were derived

from the Danish National Birth Cohort (1996–2002), including data on gestational and lifestyle factors in pregnancy and 18 months post-

partum. Dietary data were collected using a validated FFQ. Information on birth outcome was obtained through registers. A total of 47 003

women were included. The associations between the GL and birth outcome, gestational weight gain, assessed between weeks 12 and 30 of

gestation, and PPWR were analysed by linear and logistic regression. Birth weight increased by 36 g from the lowest to highest GL quintile

(95 % CI 19, 53 g), and an increased risk of LGA of 14 % was detected in the highest GL quintile compared with the lowest GL

quintile. Among normal-weight and overweight women, higher gestational weight gain rates were detected in the highest GL quintile

(26 g/week (95 % CI 19, 34) and 30 g/week (95 % CI 13, 46), respectively). The association between the GL and PPWR was most pro-

nounced among pre-pregnant obese women, with an increase in weight retention of 1·3 (95 % CI 0·2, 2·8) kg from the lowest to highest

GL quintile. The GL may play a role for excessive gestational weight gain and PPWR, which may be more pronounced among overweight

and obese women.
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A part of a successful pregnancy is an optimal weight

gain of the mother to ensure a sufficient supply of nutrients

to the fetus and the mother. However, excessive weight gain

during pregnancy may increase the risk of complications in

relation to pregnancy and delivery(1), and has been reported

to be an independent risk factor for caesarean section(2,3),

the risk of pre-eclampsia(4,5) and gestational diabetes(6,7).

Further, excessive gestational weight gain may increase

the risk of postpartum weight retention (PPWR)(8,9), which

may induce obesity in later life(10–13). In addition, high

gestational weight gain has been reported to increase the

risk of infants born large-for-gestational age (LGA)(14) in a

large birth cohort.

The dietary glycaemic index (GI) was introduced in 1981 by

Jenkins et al.(15) as a classification of carbohydrate-rich foods

according to the rise in blood glucose after ingestion.

Examples of foods with a high GI are potatoes, white bread

and rice, while dairy products, legumes and nuts are foods

with a low GI. It was originally developed as a tool for

diabetic patients to improve the administration of their post-

prandial glycaemic responses. GI is the glycaemic response

after ingesting 50 g of available carbohydrate as a percentage
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of the response after eating the corresponding amount of

carbohydrate from a reference food (white bread or glucose).

Pregnancy has been reported not to alter the GI of foods(16).

The glycaemic load (GL) of the diet is the product of the

amount of available carbohydrate for each food item and

the GI of the food, summed for all foods consumed(15,17–19).

The GL includes both the quality and the quantity of carbo-

hydrate in the diet, and thus is an indicator for the total glu-

cose response(20), and it has been suggested that the GL of

the diet may be an important measure in epidemiological

studies, as the carbohydrate contents of the diet may vary

substantially(21).

A diet with a high GI has been associated with an increased

risk of obesity(17,22), as some observational studies have

reported positive associations between the GI and

BMI(23–26), while others have found no association(27,28). In

a review of randomised controlled trials, it was concluded

that diets with a low GI were more promoting in weight

loss compared with control diets(29), and a diet with a low

GI has additionally been reported to improve weight mainten-

ance after a previous weight loss in a randomised controlled

trial(30). The GI has also been related to reproductive outcome:

higher birth weight and a higher prevalence of babies born

LGA have been detected in infants born of women assigned

to high-GI diets compared with women with isoenergetic

low-GI diets in randomised controlled trials(31,32), while a

low-GL diet prevented prematurity and improved lipid profiles

in pregnant women in another randomised trial(33). In an

observational study, a higher risk of having a baby small-for-

gestational age (SGA) defined as infants with a birth weight

below the 10th percentile for a given gestational age was

found among mothers following a low-GI diet(34). The find-

ings reflect the fact that glucose is a major substrate for fetal

growth(35), and thus may be associated with fetal overgrowth.

Further, a positive association between dietary GI and

maternal weight gain was found in a small randomised con-

trolled trial(31); however, the results were not confirmed in

an observational study by Deierlein et al.(36).

The hypotheses to be tested in the present study are that

pregnant women consuming a diet with a high GL may

have an increased risk of excessive maternal weight gain

and PPWR, and that a high dietary GL may be a risk factor

for giving birth to a child LGA, or that a low dietary GL is

associated with an increased risk of giving birth to a child

SGA. Furthermore, it is hypothesised that the associations

will be more pronounced among pre-pregnancy overweight

women due to impaired glucose control.

Subjects and methods

The Danish National Birth Cohort (DNBC) is a nationwide

survey, including 101 042 women recruited in weeks 6–10

of gestation. Data were collected from 1996 to 2002 by

means of an enrolment form, and four telephone interviews

in weeks 12 and 30 of gestation, and 6 and 18 months postpar-

tum, recording information on gestational, anthropometric

and lifestyle factors(37). All women participating in the DNBC

gave written informed consent in accordance with the

Helsinki II Declaration, and the study was approved by the

Danish National Committee for Biomedical Research Ethics,

Copenhagen (protocol no. KF-01-471/94 and KF-01-012/97).

Study population

Of the total participants, 70 188 women returned the FFQ.

Of these, 1934 (2·8 %) were excluded due to unrealistic

reporting of energy intake (,4·2 MJ and .16·7 MJ). Of the

remaining 68 254 women, data on gestational weight gain

and other lifestyle factors obtained from telephone interviews

were available for 41 782 women, and, among them, data on

maternal weight 18 months postpartum were available for

24 586 women.

Maternal diet was assessed by means of a self-administered

FFQ in week 25 of gestation. Assessment of dietary and nutri-

ent intake was done by means of a national food composition

database (http://www.foodcomp.dk) using standard recipes

and standard portion sizes. The 360-item FFQ covered the

intake of food and drinks during the previous 4 weeks(38). It

has been validated using a 7 d weighed food record and bio-

markers as a standard, and the results showed that the FFQ

was capable of ranking individuals according to the total

energy intake and the intake of protein and retinol(39).

Values of the GI for a variety of foods were extracted from

published data(40) using white bread as reference, and were

incorporated into the dietary database. The overall GI of the

diet was calculated by summing the products of the amounts

of available carbohydrate for each food item and the GI of the

particular food, divided by the total intake of available carbo-

hydrate. The GL was calculated as the sum of the amounts of

intakes of available carbohydrates multiplied by the GI of the

foods and thus corresponds to the numerator of the GI. Diet-

ary GI and GL were calculated by the following formulas(41):

GI ¼ SðGIi £ CHOiÞ=SCHOi;

GL ¼ SðGIi £ CHOiÞ=100;

where GIi is the GI value of food i and CHOi represents the

amount of available carbohydrate from food i. All nutrients

and GL were adjusted for total energy using the residual

method(42).

Outcome

The gestational weight gain rate of women was assessed as

mean weight gain in g/week from week 12 (first interview)

to week 30 (second interview) of gestation. As some dis-

persion in gestation week of the two interviews occurred,

cases with less than 60 d in between the two data collections

were recorded as missing with regard to weight gain to

obtain a reasonable time period to register the weight

change accurately. PPWR was calculated by subtracting the

pre-pregnancy body weight from the postpartum weight

reported 18 months after delivery. Information on birth out-

come, including birth weight and gestational age, was derived

from the National Patient Registry. We calculated z-scores for
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birth weight for all births in the DNBC using the growth refer-

ence from the British Child Growth Foundation(43), taking into

account gestational age at delivery and the infant’s sex. The

distribution was used to estimate the proportion of infants

born LGA as infants born with birth weight above the 90th

percentile for a given gestational age, and infants born SGA

as infants born with birth weight below the 10th percentile

for a given gestational age.

Covariates

The following covariates were included in the analyses:

total energy intake (MJ) to adjust for potential residual

confounding, as suggested by Willett et al.(42), parity, maternal

pre-pregnant BMI, smoking habits in pregnancy (never,

former, occasional, ,15 cigarettes/d or $15 cigarettes/d),

physical activity during pregnancy (yes v. no), mother’s age

(,20 years, 20–40 years or .40 years) and height (.160 cm,

160–169 cm, 170–179 cm or $180 cm), and couple’s socio-

demographic group, defined by the job description of the

woman and her partner.

Statistical analyses

Women were divided into quintiles according to dietary GL.

Differences in gestational weight gain rate, birth weight and

PPWR in the groups of GL were analysed by linear regression.

Differences in ratios of LGA and SGA babies in quintiles of GL

were analysed by means of logistic regression analyses. The

trend test was performed by the x 2 test (type III) with GL as

a continuous variable in the regression model. All analyses

were performed as univariate analyses, and with adjustment

for the above-mentioned confounding factors. In analyses of

birth weight, adjustments of gestational weight gain rate

were performed, and in analyses of PPWR, data on gestational

weight gain rate and breast-feeding duration were included, as

the latter has been observed to be associated with PPWR(44).

In addition, women were stratified according to pre-pregnant

BMI (underweight, BMI , 18·5 kg/m2; normal weight, BMI

18·5–24·9 kg/m2; overweight, BMI $ 25–29·9 kg/m2; obese,

BMI $ 30 kg/m2), and all aforementioned analyses were

performed within each stratum of BMI. All analyses were

performed using SAS version 9.1 (SAS Institute, Inc.).

Results

The dietary intakes in quintiles of GL are shown in Table 1.

A slight decrease in total energy intake was seen with increasing

GL, although the absolute difference between the highest and

lowest groups was small (Spearman’s correlation coefficient

20·01, P¼0·002). Dietary fibre intake and intake of carbo-

hydrate increased with increasing GI (Spearman’s correlation

coefficient 0·24 (P,0·001) and 0·34 (P,0·001), respectively),

while intakes of fat and protein decreased (Spearman’s corre-

lation coefficient 20·38 (P,0·001) and 20·18 (P,0·001),

respectively). Age and pre-pregnancy BMI were the same in

all groups, although a slight tendency towards increasing age

was detected. The proportion of never smokers increased

with increasing GL, as did the proportion of women being phy-

sically active during leisure time. Small differences were seen in

Table 1. Dietary intake and maternal characteristics by quintile of glycaemic load

(Mean values and standard deviations; percentages)

Glycaemic load. . . Q1 (n 13 639) Q2 (n 13 644) Q3 (n 13 639) Q4 (n 13 643) Q5 (n 13 636)

Mean SD Mean SD Mean SD Mean SD Mean SD P for trend

Total energy intake (MJ) 10·0 2·6 10·0 2·4 9·9 2·3 9·9 2·3 9·9 2·4 0·0004*
Fat (g/d)† 96 14 85 11 79 11 73 10 64 11 ,0·0001*
Carbohydrate (g/d)† 273 14 302 16 319 16 335 17 360 17 ,0·0001*
Dietary fibre (g/d)† 23 6 26 6 27 6 28 7 28 7 ,0·0001*
Protein (g/d)† 94 14 92 13 90 12 88 11 81 12 ,0·0001*
Glycaemic index† 78 21 79 20 80 20 81 20 83 21 ,0·0001*
Age (years) 30 4 30 4 30 4 29 4 29 4 ,0·0001*
BMI (kg/m2) 24 4 24 4 24 4 24 4 24 4 0·4195*
Smoking (%)

Never 67 76 78 79 79 ,0·0001‡
Occasionally 14 13 12 12 13
, 15 cigarettes/d 16 10 9 8 7
$ 15 cigarettes/d 4 2 1 1 1

Leisure-time physical activity (%)
Yes 32 35 38 41 42 ,0·0001‡
No 68 65 62 59 58

Sociodemographic group (%)
High 22 24 24 25 23 ,0·0001‡
Intermediary 27 31 31 33 32
Skilled workers 29 27 27 24 25
Unskilled workers 15 12 12 11 11
Students 3 3 4 5 6
Not working 3 2 2 2 3

* Test for trend (x 2 test, type III).
† Adjusted for total energy intake by the residual method.
‡ x 2 test.

Maternal glycaemic load and weight gain 1473
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couples’ sociodemographic group, pointing towards a higher

sociodemographic class with increasing GL.

As the GL includes both the quantity and the quality of diet-

ary carbohydrate and thus has been reported to be an appro-

priate measure in epidemiological studies, and as only weak

associations were detected regarding the GI and the out-

comes, the focus in the Results section is therefore on the

GL and the outcome.

Birth weight

The crude and adjusted differences in birth weight within the

groups divided by quintiles of GL are shown in Table 2.

Overall, birth weight increased with increasing GL, the highest

increase being 36 g in women above the fifth quintile of

dietary GL. When stratifying according to pre-pregnancy

BMI, the effect of the GL diminished among the underweight

and obese women, while it was still statistically significant

among the normal-weight women (34 g/week) and even

more pronounced among the overweight women (57 g/

week). The confounding factors with the highest impact on

the association between birth weight and the GL were smok-

ing in pregnancy, maternal BMI and weight gain rate.

Large-for-gestational age

The risk of being born LGA was higher in the group with the

highest GL; the risk was increased by 14 % (OR 1·14; 95 % CI

1·03, 1·25; Table 2). When stratifying according to pre-

pregnancy BMI, the tendencies for an increased risk of LGA

by increasing the GL remained in all four weight classes,

although not statistically significant.

Table 2. Crude and adjusted differences in birth weight in quintiles of glycaemic load, and crude and adjusted odd ratios for babies born large-for-
gestational age (LGA) and small-for-gestational age (SGA)

(Mean values and 95 % confidence intervals; OR and 95 % confidence intervals)

Birth weight (g) LGA* SGA*

Crude Adjusted† Crude Adjusted† Crude Adjusted

Mean 95 % CI Mean 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

All women‡ (n 41 782)
Q1 Reference Reference Reference Reference Reference Reference
Q2 40 26, 54 22 5, 38 1·11 1·02, 1·21 1·08 0·99, 1·18 0·85 0·76, 0·94 0·95 0·85, 1·07
Q3 42 27, 56 35 19, 52 1·09 1·00, 1·19 1·07 0·98, 1·17 0·89 0·80, 0·96 1·00 0·89, 1·12
Q4 35 21, 50 29 12, 46 1·10 1·00, 1·19 1·12 1·02, 1·22 0·91 0·82, 1·00 1·02 0·90, 1·14
Q5 37 22, 51 36 19, 53 1·03 0·95, 1·12 1·14 1·03, 1·25 0·88 0·79, 0·98 0·94 0·83, 1·06
P ,0·001 ,0·001 0·480 0·007 0·110 0·640

Underweight (n 1705)
Q1 Reference Reference Reference Reference Reference Reference
Q2 230 293, 34 226 297, 45 0·77 0·40, 1·46 0·79 0·40, 1·55 1·44 0·96, 2·14 1·80 1·66, 2·77
Q3 258 2123, 7 262 2136, 11 0·89 0·47, 1·67 1·00 0·51, 1·95 1·25 0·82, 1·88 1·57 0·99, 2·50
Q4 230 294, 35 219 294, 56 0·94 0·51, 1·75 1·11 0·56, 2·20 1·40 0·93, 2·11 1·81 1·15, 2·85
Q5 228 292, 37 0 278, 77 0·94 0·50, 1·74 1·14 0·57, 2·30 0·95 0·61, 1·49 1·23 0·74, 2·06
P 0·354 0·868 0·977 0·538 0·959 0·332

Normal weight (n 28 394)
Q1 Reference Reference Reference Reference Reference Reference
Q2 47 29, 64 26 6, 45 1·15 1·04, 1·29 1·11 0·99, 1·24 0·81 0·71, 0·93 0·90 0·78, 1·03
Q3 44 26, 62 34 14, 53 1·10 1·00, 1·23 1·10 0·97, 1·23 0·89 0·78, 1·01 0·97 0·85, 1·12
Q4 36 19, 54 25 5, 45 1·08 0·97, 1·21 1·10 0·98, 1·23 0·87 0·76, 0·99 0·95 0·83, 1·10
Q5 35 18, 53 34 14, 54 1·02 0·91, 1·13 1·10 0·96, 1·23 0·87 0·77, 0·99 0·93 0·80, 1·07
P 0·004 0·004 0·745 0·265 0·140 0·628

Overweight (n 8254)
Q1 Reference Reference Reference Reference Reference Reference
Q2 29 26, 64 5 234, 44 1·11 0·94, 1·32 1·05 0·88, 1·26 0·85 0·66, 1·10 1·0 0·77, 1·32
Q3 51 16, 87 52 13, 92 1·05 0·88, 1·25 0·98 0·82, 1·18 0·79 0·61, 1·02 0·94 0·71, 1·24
Q4 34 21, 69 39 21, 79 1·06 0·90, 1·26 1·04 0·86, 1·25 0·93 0·72, 1·18 1·10 0·84, 1·45
Q5 67 32, 102 57 15, 98 1·12 0·94, 1·33 1·12 0·99, 1·44 0·82 0·64, 1·06 0·89 0·67, 1·20
P ,0·001 0·002 0·368 0·125 0·287 0·708

Obese (n 3429)
Q1 Reference Reference Reference Reference Reference Reference
Q2 33 224, 90 23 238, 84 0·91 0·72, 1·15 0·90 0·70, 1·15 0·83 0·57, 1·21 0·92 0·61, 1·37
Q3 37 221, 95 29 234, 91 1·03 0·81, 1·29 1·03 0·81, 1·32 0·93 0·64, 1·34 1·05 0·70, 1·57
Q4 38 220, 96 25 238, 89 1·12 0·89, 1·41 1·20 0·94, 1·53 0·98 0·68, 1·42 1·05 0·70, 1·60
Q5 220 279, 38 244 2112, 23 0·87 0·68, 1·11 1·04 0·79, 1·36 1·07 0·75, 1·54 1·04 0·68, 1·60
P 0·644 0·352 0·832 0·205 0·484 0·698

* Defined by means of growth reference values from the British Child Growth Foundation.
† Adjusted for total energy intake, fibre intake, parity, mother’s age, pre-pregnancy BMI, gestational weight gain, smoking habits, physical activity and couple’s sociodemo-

graphic group.
‡ All women and stratified for pre-pregnancy BMI (underweight, BMI ,18·5 kg/m2; normal weight, BMI 18·5–24·9 kg/m2; overweight, BMI 25·0–29·9 kg/m2; obese, BMI

$30 kg/m2).
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Small-for-gestational age

In the unadjusted analyses, there was a small reduced risk

of SGA with increasing GL, but when adjusting for potential

confounders, the effect was no longer statistically significant.

Among women with pre-pregnancy BMI below 18·5 kg/m2,

the risk of having a SGA baby was lowest in the group with

the lowest dietary GL, which is opposite of the overall results.

In the other BMI groups, no association between the GL and

SGA was detected.

Gestational weight gain rate

Gestational weight gain rate was assessed as mean weight gain

from week 12 to week 30 of gestation, including only data for

women with at least 60 d in between the two measurements

(median 113d, interquartile range 94–131d). The differences

in gestational weight gain within the quintiles of GL are

shown in Table 3. When looking at the whole group, higher

gestational weight gain rates were observed in quintiles 2–5

compared with women in the lowest quintile. However, when

women were stratified according to pre-pregnancy BMI, no

association was found among the underweight women, while

the effect remained statistically significant among the normal-

weight and overweight women. The greatest difference in gesta-

tional weight gain rate was 30 g/week, corresponding to a differ-

ence in the total gestational weight gain of 1·2 kg, among

the overweight women in the adjusted analyses. Among the

obese women, there was a tendency, although not statistically

significant that gestational weight gain increased with GL.

Table 3. Crude and adjusted differences in gestational weight gain rate and 18 months postpartum weight retention (PPWR) in
quintiles of glycaemic load

(Mean values and 95 % confidence intervals)

Difference in gestational weight gain rate
(g/week) Difference in PPWR (kg)

Crude Adjusted* Crude Adjusted†

Mean 95 % CI Mean 95 % CI Mean 95 % CI Mean 95 % CI

All women‡ n 43 985 n 24 586
Q1 Reference Reference Reference Reference
Q2 19 12, 25 17 11, 23 0·07 20·08, 0·23 0·16 20·04, 0·35
Q3 22 16, 29 21 15, 28 0·10 20·05, 0·26 0·29 0·07, 0·50
Q4 29 23, 35 27 20, 33 0·17 0·02, 0·33 0·44 0·21, 0·66
Q5 30 24, 36 28 21, 34 0·22 0·07, 0·38 0·46 0·21, 0·70
P ,0·001 ,0·001 0·002 0·001

Underweight n 1797 n 997
Q1 Reference Reference Reference Reference
Q2 13 212, 38 7 219, 33 20·17 20·57, 0·23 0·42 20·10, 0·93
Q3 6 219, 32 8 219, 35 20·33 20·74, 0·08 0·43 20·15, 1·01
Q4 8 218, 33 11 216, 39 20·09 20·50, 0·32 0·58 20·04, 1·20
Q5 23 229, 23 26 234, 22 20·50 20·91, 20·10 0·31 20·37, 0·99
P 0·832 0·939 0·040 0·372

Normal weight n 29 867 n 16 824
Q1 Reference Reference Reference Reference
Q2 16 9, 23 16 9, 23 0·00 20·14, 0·14 0·04 20·15, 0·24
Q3 18 11, 25 19 12, 26 0·07 20·08, 0·21 0·22 0·01, 0·42
Q4 23 16, 29 23 16, 30 0·03 20·12, 0·17 0·19 20·03, 0·41
Q5 26 19, 33 26 19, 34 20·01 20·15, 0·14 0·20 20·04, 0·44
P ,0·001 ,0·001 0·911 0·192

Overweight n 8707 n 4804
Q1 Reference Reference Reference Reference
Q2 16 0, 32 7 29, 23 0·37 20·03, 0·77 0·56 0·03, 1·10
Q3 30 14, 46 20 3, 36 0·32 20·09, 0·73 0·47 20·11, 1·04
Q4 41 25, 57 31 14, 47 0·39 20·02, 0·79 0·76 0·15, 1·36
Q5 40 25, 56 30 13, 46 0·77 0·36, 1·17 1·13 0·48, 1·79
P ,0·001 ,0·001 ,0·001 0·016

Obese n 3614 n 1961
Q1 Reference Reference Reference Reference
Q2 43 14, 72 34 4, 63 0·26 20·72, 1·24 20·24 21.45, 0·97
Q3 40 11, 69 26 24, 56 0·25 20·73, 1·24 0·32 20·96, 1·60
Q4 52 23, 82 33 3, 63 1·18 0·18, 2·18 1·55 0·19, 2·90
Q5 36 6, 66 22 28, 53 1·12 0·11, 2·14 1·29 0·22, 2·80
P 0·014 0·212 0·006 0·047

* Adjusted for total energy intake, fibre intake, parity, mother’s age, pre-pregnancy BMI, smoking habits, physical activity and couple’s sociodemo-
graphic group.

† Adjusted for total energy intake, fibre intake, parity, mother’s age, pre-pregnancy BMI, smoking habits, physical activity and couple’s sociodemo-
graphic group, gestational weight gain and breast-feeding duration.

‡ All women and stratified according to pre-pregnancy BMI (underweight, BMI ,18·5 kg/m2; normal weight, BMI 18·5–24·9 kg/m2; overweight, BMI
25·0–29·9 kg/m2; obese, BMI $30 kg/m2).
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Postpartum weight retention

Overall higher PPWR were detected in the three highest

quintiles of GL compared with the lowest quintiles of GL,

the differences being 0·29, 0·44 and 0·46 kg, respectively

(Table 3). When stratifying according to BMI, no association

between the GL and PPWR was found among the underweight

and normal-weight women. Among the overweight and obese

women, substantially higher weight retention was found in the

highest quintile; the mean weight gain was 1·13 (95 % CI 0·48,

1·79) kg among the overweight women and 1·29 (95 % CI 0·22,

2·80) kg among the obese women compared with the lowest

quintiles, when adjusted for confounders, gestational weight

gain and duration of breast-feeding.

Interaction between pre-pregnancy BMI and the
glycaemic load

One of the hypotheses in the present study is that the associ-

ations between dietary GL and gestational and birth outcomes

differ in groups of maternal pre-pregnancy BMI, and that

the associations are more pronounced among pre-pregnancy

overweight women. To confirm this, interaction terms

between quintiles of GL and pre-pregnancy BMI (under-

weight, normal weight, overweight and obese) were included

in the univariate models, testing whether there were statisti-

cally significant interactions between the pre-pregnancy

weight class and dietary GL. A statistically significant inter-

action between pre-pregnancy BMI and the GL in the analysis

of the outcomes indicates that the influence of the GL on the

outcome, e.g. gestational weight gain, is dependent upon the

pre-pregnancy BMI class. Statistically significant interactions

between pre-pregnancy BMI and dietary GL were detected

in the analyses of birth weight, weight gain rate and PPWR,

indicating stronger associations between the GL and birth

weight, weight gain and PPWR with increasing pre-pregnancy

BMI (results not shown). This underlines the hypothesis that

the associations between the GL and outcomes differ between

the groups of women defined by pre-pregnancy BMI. How-

ever, no statistically significant interactions were found in

the analyses of SGA and LGA.

Discussion

In this large prospective cohort of pregnant women in

Denmark, we found the associations between dietary GL in

pregnancy and gestational weight gain, birth weight and PPWR.

Although being statistically significant, the increase in mean

birth weight (36 g) from the lowest to the highest quintile of

GL may not be of high clinical relevance. On the other

hand, the increase in birth weight corresponds to a 14 %

increased risk of LGA babies in the high-GL group. No clear

association between the GL and the risk of SGA was detected.

The associations between the GI and birth weight have been

examined previously in intervention studies(31,32), and in one

observational study(34), all suggesting a positive association

between the GI and birth weight. The findings rely on the

fact that glucose is a major substrate for fetal growth(35), and

that altering the source of maternal dietary carbohydrate

may be valuable in managing fetal overgrowth(45).

We further observed that gestational weight gain, assessed

between weeks 12 and 30 in gestation, was positively associ-

ated with GL. The association between the GL and gestational

weight gain was also found in the study by Clapp(45), but not

in the studies by Moses et al.(32) or Scholl et al.(13). The maxi-

mum increase in weight gain with increasing GL in the present

study was detected among the overweight women, who on

average gained 30 g/week more in the highest quintile of GL

compared with the lowest quintile of GL. This weight gain

rate corresponds to an average increase of approximately

1·2 kg for the whole pregnancy, which may be of importance

in overweight women, who are recommended to restrict their

weight during pregnancy(46). Gestational weight gain has been

reported to be positively associated with PPWR(47), and

implementation of a low-GI diet may thus be a useful guide-

line in the prevention of obesity among women of childbear-

ing age. A low-GI diet, with an increased intake of vegetables

and legumes, and whole-grain products are in line with exist-

ing food-based dietary guidelines, where an increased intake

of these foods is recommended.

Even after adjustment for gestational weight gain and

breast-feeding, the 18 months PPWR was also positively

associated with GL in pregnancy, especially among the over-

weight and obese women. PPWR may contribute to the devel-

opment of overweight and obesity, and the prevention of

PPWR may therefore be of great public health impact. As

the association between the GL and PPWR was strongest

among women who were already overweight before preg-

nancy, and thus is a group to whom concern about weight

development during pregnancy should be paid, the GL may

be a useful tool in weight management. Further, a diet with

a high GL has been associated with an increased risk of gesta-

tional diabetes(48), which also points towards the benefits of

following a low-GI diet during pregnancy for overweight

women.

The strengths of the present study were the large sample

size, as we included information on dietary intake covariates

and outcome variables for 47 003 women, and a large variety

of covariates which allowed for adjusting for potential con-

founding factors. Information on dietary intake in pregnancy

was recorded before birth weight and PPWR, which limits

the risk of recall bias. However, under-reporting is an import-

ant issue in self-reported dietary intake data, and may be more

pronounced among overweight individuals(49). Therefore,

women with the highest weight gain during pregnancy may

be most likely to under-report their carbohydrate intake, lead-

ing to erroneous values of the GL of the diet. However, if this

was the case in this cohort, the associations between the GL

and weight gain, on the one hand, and PPWR, on the other

hand, would have been attenuated and hence the true associ-

ation may be even stronger than what was observed.

The GL in this cohort was assessed on the basis of inter-

nationally published values of the GI of foods(40). The

values of the GI vary by the brand name, the time of the

year, the variety of the species tested and the method of cook-

ing, and may as such vary in different countries, all factors
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adding uncertainty to the value of the GL included in the pre-

sent study. A validation study of the FFQ used in the DNBC

has shown that the FFQ gave valid estimates of total energy

intake and the intake of protein, retinol and folic acid, and

was capable of classifying the participants into the lowest

and highest quintile(39), which allows for comparisons of out-

comes in the groups with high v. low dietary intake. We

divided women into quintiles according to the dietary GL in

the present study, allowing for comparisons of outcomes

within the groups with a high v. low GL, respectively.

In summary, the present findings suggest that a diet with

a high GL increases the risk of excessive weight gain during

pregnancy and PPWR. The associations varied with the

mother’s pre-pregnancy weight, and were more pronounced

among the overweight and obese women. Even though only

a modest effect on birth weight was observed, attention

should be paid to the fact that the quality of carbohydrate in

the diet may affect the birth outcome.
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