
British Journal of Nutrition

cambridge.org/bjn

Research Article

Cite this article: Gjørup EM, Bech BH,
Stampe S, Halldorsson TI, Bjerregaard AA,
Olsen SF, Ovesen PG, and Leth-Møller M (2025)
Consumption of artificial sweeteners during
pregnancy and the risk of overweight in the
offspring. British Journal of Nutrition 133:
966–976. doi: 10.1017/S0007114525000455

Received: 26 July 2024
Revised: 14 January 2025
Accepted: 21 February 2025
First published online: 21 March 2025

Keywords:
Childhood obesity; Epidemiology; Longitudinal
cohort study; Artificial sweeteners; Pregnancy;
Maternal-fetal health; Fetal exposure

Corresponding author:
Eva Marie Gjørup;
Email: evagjoerup@clin.au.dk

© The Author(s), 2025. Published by Cambridge
University Press on behalf of The Nutrition
Society. This is an Open Access article,
distributed under the terms of the Creative
Commons Attribution licence (https://creative
commons.org/licenses/by/4.0/), which permits
unrestricted re-use, distribution and
reproduction, provided the original article is
properly cited.

Consumption of artificial sweeteners during
pregnancy and the risk of overweight in the
offspring

Eva M. Gjørup1,2,3 , Bodil H. Bech4, Sofie Stampe1,2,3, Thorhallur I. Halldorsson5,6,

Anne A. Bjerregaard5,7, Sjurdur F. Olsen5,8,9, Per G. Ovesen1,2,3 and

Magnus Leth-Møller1,2,3

1Department of Clinical Medicine, Aarhus University, Aarhus, Denmark; 2Department of Gynecology and Obstetrics,
Aarhus University Hospital, Aarhus, Denmark; 3Steno Diabetes Center Aarhus, Aarhus University Hospital, Aarhus,
Denmark; 4Department of Public Health, Aarhus University, Aarhus, Denmark; 5Department of Epidemiology
Research, Statens Serum Institut, Copenhagen, Denmark; 6Faculty of Food Science and Nutrition, University of
Iceland, Reykjavik, Iceland; 7Centre for Clinical Research and Prevention, Copenhagen University Hospital –
Bispebjerg and Frederiksberg Hospital, Copenhagen, Denmark; 8Department of Nutrition, Harvard T.H. Chan School
of Public Health, Boston, MA, USA and 9Department of Public Health, University of Copenhagen, Copenhagen,
Denmark

Abstract

Artificial sweeteners are used to reduce energy intake, but studies suggest that consumption
during pregnancy may impact the offspring’s risk of overweight. In this longitudinal cohort
study, we aimed to examine the association between consumption of artificially sweetened or
sugar-sweetened beverages during pregnancy and offspring overweight from birth to 18 years in
the Danish National Birth Cohort. A total of 101 042 pregnancies were enrolled in the Danish
National Birth Cohort from 1996 to 2002. Follow-up was conducted throughout pregnancy,
childhood and adolescence. Additionally, 72 821 women completed an FFQ during pregnancy,
reporting intake of beverages sweetenedwith artificial sweeteners or sugar. Offspring height and
weight were obtained during childhood and adolescence. Multivariate logistic regression was
performed to estimate the OR for overweight concerning maternal beverage consumption.
Analyses were adjusted for risk factors for childhood overweight, including maternal age, pre-
pregnancy BMI, physical activity and smoking in pregnancy, healthy eating index, paternal
BMI, socio-economic status and duration of breastfeeding. We found increased odds of
overweight in 7-, 11-, 14- and 18-year-old offspring whose mothers reported drinking≥ 1
artificially sweetened beverage daily during pregnancy compared with no consumption
(18 years: adjusted OR 1·26 (95 % CI 1·12, 1·42)). We found decreased adjusted odds of
overweight in 11- and 18-year-old offspring whose mothers reported drinking≥ 1 sugar-
sweetened beverage daily during pregnancy compared with no consumption. We found that
consumption of artificially sweetened beverages during pregnancy was associated with an
increased risk of overweight in childhood and adolescence after adjustment for risk factors for
childhood overweight.

Abbreviations: ASB, artificially sweetened beverages; DNBC, Danish National Birth Cohort;
GW, gestational week; LGA, large for gestational age; SES, socio-economic status; SSB, sugar-
sweetened beverages.

The rate of obesity has increased dramatically throughout the last decades(1), posing a threat
to public health due to the increased burden of associated comorbidities(2,3). To avoid excessive
weight gain, many people try to lower energy intake, for example, by substituting caloric
sweeteners with artificial sweeteners. True artificial sweeteners are synthetic sweetening agents
used in a wide range of ‘sugar-free’ (diet) food products and beverages(4–6). However, recent
research suggests that artificial sweetener intake is associated with obesity(7,8), and the WHO
now advises against the use of non-nutritive sweeteners (including both artificial sweeteners and
natural sweeteners such as steviol glycosides) for weight loss purposes(9). Some studies have
shown impairment in insulin tolerance in aspartame-exposed rats independently of body fat
composition(10) and increased glucose intolerance in bothmice and humans exposed to artificial
sweeteners, partly mediated by changes in the gut microbiome(11,12).

Childhood obesity is associated with an increased risk of metabolic and cardiovascular
disease in adulthood(13,14). Several parental and early-life factors have been linked to childhood
obesity risk, including duration of breastfeeding(15), smoking in pregnancy(16), parental socio-
economic status (SES)(17), maternal pre-pregnancy BMI(18) and gestational weight gain(18).
Obesity rates among children and adolescents are high globally(19), but intervention strategies to
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limit weight gain in youth differ in effectiveness(20), underscoring
the need for primary prevention strategies.

Although the WHO does not recommend artificial sweetener
consumption for weight management, pregnant women with
obesity or diabetes are recommended to substitute sugar-sweetened
beverages (SSB) with artificially sweetened beverages (ASB) to
reduce weight gain during pregnancy in some countries(21).
However, ASB consumption in pregnancy has previously been
associated with overweight in infancy, early childhood and mid-
childhood(22–24). Yet, there is conflicting evidence in the field(25), as
others have found no association(26).

Several hypotheses have been proposed to explain the association
between ASB consumption and overweight in childhood, including
metabolic programming, influence on sweet taste preference and
influence on the human microbiome and microbiome-dependent
glycaemic response(11,27,28). It has been demonstrated that artificial
sweeteners can cross the placenta into the fetal circulation,
highlighting the possibility of prenatal exposure(29,30). However,
the underlying mechanism for the association has not yet been
established(31). Moreover, postnatal exposure to artificial sweeteners
through breast milk has been established(32,33).

To expand the knowledge on the safety of ASB consumption
during pregnancy regarding offspring obesity, we aimed to
examine the association between ASB and SSB consumption
during pregnancy and offspring overweight from birth to 18 years
of age. Additionally, we aimed to evaluate this association with SSB
consumption and compare the two groups.

Methods

Study design and data collection

In this nationwide cohort study, we utilised data from the Danish
National Birth Cohort (DNBC),(34) which prospectively enrolled
101 042 pregnant women from 1996 to 2002 to investigate health
across generations. The women were followed throughout
pregnancy and after birth. Data on the offspring were collected
from birth until 18 years of age. The last data were collected in 2022.

The pregnant women were enrolled at their first antenatal visit
with their general practitioner(34). Pregnant women were asked to
participate if they spoke Danish and if they wished to carry their
child to term, regardless of ethnic and cultural background. The
women who agreed to participate were asked to participate in four
interviewer-assisted phone interviews: two during pregnancy
scheduled in gestational week (GW) 12 and GW 30 and two after
pregnancy when the offspring was approximately 6 and 18 months
old. In GW 25, the women completed an FFQ(35). The FFQ has
been validated for different variables, but not in totality(36–38).
Information on birth outcomes was extracted from the Danish
Medical Birth Register. Written questionnaires were distributed to
the families at ages 7 years (2005–2010) and 11 years (2010–2014)
and to the offspring at ages 14 years (2013–2017) and 18 years
(2016–2022). The timeline for the data collection is visualised in
online Supplementary eFig. S1.

Population

We included all singleton pregnancies that resulted in a live birth in
GW 34þ 0 or later (Fig. 1). We included women who completed
the FFQ with information on the consumption of ASB or SSB. We
excluded women with diabetes, including those with pre-existing
diabetes, newly detectedmanifest diabetes and gestational diabetes.
Information on the diagnosis of diabetes was obtained from the

Danish National Patient Register and based on ICD-8 (1977–1993)
and ICD-10 codes (1994 onward). We excluded offspring with
missing data on weight and length/height at each age of follow-up,
but the offspring could be included in analyses for subsequent ages.

Variables and data sources

Exposure
The exposures were defined as maternal consumption of ASB and
SSB during pregnancy. In the FFQ completed in GW 25, the
pregnant women were asked: ‘How many glasses/cups of the
following beverages have you drunk within the last month?’ One
glass/cup was defined as 250ml. Themothers were asked to indicate
the number of glasses consumed of sugar-sweetened and artificially
sweetened (diet) carbonated and non-carbonated beverages. They
could choose a number per month (none, 1, 2–3), per week (1–2,
3–4, 5–6) or per d (1, 2–3, 4–5, 6–7, 8 or more).

The consumption of ASB was calculated by adding the
frequency of artificially sweetened carbonated and non-carbonated
beverages. Similar calculations were made for SSB. Frequency of
consumption of ASB and SSB was grouped into four exposure
groups: never consumption, less than 1 beverage (250 ml) per
week, 1–6 beverages per week and 1 or more beverages per d.

Outcome
The primary outcome was large for gestational age (LGA)
birthweight and overweight at 5 and 12 months and 7, 11, 14
and 18 years. Length and weight measurements of the offspring in
infancy (5 and 12 months) were done by the general practitioner at
the 5- and 12-month health visits. The mothers reported these
measurements during the last phone interview when the offspring
was 18 months old. The measurements throughout childhood and
adolescence were done by the parents or the offspring themselves
and provided in the written questionnaires at ages 7, 11, 14 and 18
years. To avoid outliers, we excluded values of more than 5 SD from
the mean, in either direction (n 489).

The offspring were defined as LGA if their birth weight was
above 2 SD with the study population as internal reference material.
Postnatal outcomes were based on offspring BMI reported at ages 5
and 12 months and 7, 11, 14 and 18 years. The cut-off value for
overweight was BMIþ 1·30 SD for boys and BMIþ 1·19 SD for
girls(39). BMI z-scores were calculated by estimating mean (with
SD) BMI dependent on age and sex using linear regression.We then
estimated z-scores by subtracting the mean predicted BMI from
the individual measured BMI and dividing it by the SD.

Covariates
Several covariates, all potential determinants of childhood obesity,
were included in the analyses to control potential confounding and
minimise bias (online Supplementary eFig. S2). Maternal age was
retrieved from the Danish Civil Registration System(40). Maternal
pre-pregnancy BMI and physical activity in early pregnancy were
provided in the first phone interview (GW 12). The women were
asked whether they did any physical activity during pregnancy
(yes/no). Gestational weight gain (kg) was provided by themothers
in the third interview. If the women confirmed smoking during
pregnancy in any of the first three phone interviews, they were
counted as having smoked during pregnancy (yes/no).

Thematernal healthy eating index (points/80) was calculated from
the FFQ(41). The diet was rated using a score of 0–80, with 80 being the
healthiest. It should be noted that SSB is included in the healthy eating
index. The amount of each food item consumed was calculated by
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multiplying the frequency of consumption, as reported in the FFQ,
with standard portion sizes. Total energy intakewas then estimated by
multiplying the amount consumed with the energy content of food as
reported in the food composition tables(35). Paternal BMI was
reported in the 4th interview. Duration of breastfeeding was reported
in the two postpartum phone interviews. Two variables were created:
one describing breastfeeding for more or less than 4 months used for
the analysis at 5months and one describing breastfeeding formore or
less than 6 months used for the 12-month and subsequent analyses.
The mother’s occupational status defined her SES. If unavailable, the

father’s occupational status was used instead. Socio-economic status
was grouped into categories: unskilled, other work or receives public
benefits; working class, craftsmen, short education or under
education; and leaders or long/medium-long education. The criteria
for the categorisation are described in further detail elsewhere(42).

Statistical analysis

For baseline characteristics, the mean (SD) was calculated for
continuous variables and frequencies (%) for categorical variables.

7 years BMI 
n 41,370 

11 years BMI 
n 28,971 

14 years BMI 
n 28,746 

18 years BMI 
n 32,701 

Eligible for SSB analysis 
n 66,568 

12 months BMI 
n 39,956 

5 months BMI 
n 42,207 

Birth weight 
n 65,976 

Missing data on 
ASB exposure 

n 23,392 

Enrolled in the DNBC (1996–2002)
n 101,042 

Excluded in total n 10,982 
Multiple pregnancies (n 4,165) 

Birth <GW 34+0 (n 1,171) 
Stillbirth or abortion (n 4,205) 

Any diabetes diagnosis (n 1,424) 
Withdrew consent (n 17) 

Eligible for analyses 
Children n 90,060 
Mothers n 83,833 

Eligible for ASB analysis 
n 66,668 

18 years BMI 
n 32,746 

14 years BMI 
n 28,804 

11 years BMI 
n 29,020 

7 years BMI 
n 41,431 

12 months BMI 
n 40,002 

5 months BMI 
n 42,256 

Missing data on 
SSB exposure 

n 23,492

Birth weight 
n 66,078 

Fig. 1. Flow chart for the inclusion process.
DNBC, Danish National Birth Cohort; GW, gesta-
tional week; ASB, artificially sweetened bever-
ages; SSB, sugar-sweetened beverages.
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The associations between ASB or SSB consumption in pregnancy
and offspring overweight were assessed using multiple logistic
regression using ‘no consumption’ as a reference. To limit potential
confounding, we adjusted for pre-pregnancy BMI, maternal age,
maternal healthy eating index, physical activity in early pregnancy,
smoking in pregnancy, combined SES, paternal BMI and
breastfeeding duration. To evaluate associations between ASB
consumption during pregnancy and birthweight and BMI z-scores
as continuous measures, we used multiple linear regression to
estimate the mean difference and 95 % CI. All analyses were
performed as complete case analyses.

A few sub-analyses were performed: one analysis exchanged the
maternal healthy eating index with total energy intake, and another
analysis included additional adjustment for gestational weight
gain. In addition, we designed an isoenergetic substitution model
including the same covariates as the main analysis, with total
energy intake replacing healthy eating index and with mutual
adjustment of the exposures, where ASB was adjusted for SSB and
SSBwas adjusted for ASB. All analyses were performed as complete
case analyses.

All data analysis was performed using R for Windows (version
4.3.1 (2023) (R Foundation for Statistical Computing).

Results

A total of 101 042 pregnancies were enrolled in the DNBC. Of these,
90 060 children born to 83 833 women were eligible to participate in
the study; 66 668 women had information on ASB from the FFQ,
and 66 568 women had information on SSB from the FFQ (Fig. 1).
Pregnant women consuming≥ 1 ASB/d were younger, had higher
BMI, more often smoked and had a lower SES compared with
pregnant womenwith noASB consumption (Table 1). There was no
difference in healthy eating index, offspring sex, birth weight or
gestational age at birth. Physical activity in early pregnancy was
highest in the< 1 ASB/week group. Women with high ASB intake
tended to have a shorter breastfeeding duration compared with the
never group.

The associations between maternal ASB or SSB consumption
and childhood overweight and LGA at birth are shown in Table 2
and Fig. 2. At birth and in infancy (5 and 12 months), we found no
association between daily ASB consumption and LGA or over-
weight after adjustment. At 7, 11 and 18 years, we found higher
odds of overweight in offspring whose mothers consumed 1–6
ASB/week or ≥ 1 ASB/d compared with no consumption. The
associations attenuated but remained after adjustment (18 years in
the≥ 1 ASB/d group: adjusted OR 1·26 (95 % CI 1·12, 1·42)). At 14
years, we found higher odds for overweight in the≥ 1 ASB/d group
compared with never consumption, but not in the 1–6 ASB/week
group. Daily maternal SSB consumption in pregnancy entailed
lower odds for overweight at 11 years and 18 years compared with
no consumption in both crude and adjusted analyses.

Evaluating the difference in z-score at birth or BMI z-score
dependent onmaternal beverage consumption is shown; regarding
ASB, the largest difference in BMI z-score was seen among the
18-year-olds whose mothers consumed≥ 1 ASB/d compared with
no consumption (BMI z-score 0·07 (95 % CI 0·03, 0·10)) (online
Supplementary eTable S1). For SSB, the largest difference in BMI
z-score was seen among the 18-year-olds whose mothers
consumed≥ 1 SSB/d compared with no consumption (BMI z-
score −0·12 (95 % CI− 0·16, −0·07)) (online Supplementary
eTable S1).

While we did not adjust for gestational weight gain in the
primary analysis, doing so minimally attenuated the associations,
and the associations persisted at ages 7, 11 and 18 years (online
Supplementary eTable S3 and eTable S4). Similar results were seen
when adjusting for total energy intake, where minimal changes
were seen for ASB (online Supplementary eTable S5) and SSB;
however, for SSB, the attenuation was more profound (online
Supplementary eTable S6). When performing a substitution
analysis substituting SSB with ASB and vice versa (see online
Supplementary eTables S5 and S6), moderate attenuations were
seen for SSB.

Discussion

Our results indicate that daily ASB consumption compared with
no ASB consumption during pregnancy is associated with a higher
risk of overweight during childhood and adolescence, but not at
birth or in infancy.We found a higher risk of being overweight at 7,
11 and 18 years among offspring whose mothers consumed 1–6
ASB/week or ≥ 1ASB/d during pregnancy. Additionally, we found
that consumption of≥ 1 SSB/d during pregnancy was associated
with a lower risk of overweight in the offspring at ages 11 and 18
years compared with no consumption. These results remained
after adjustments for known risk factors for childhood obesity and
overweight as well as in substitution models. Previous studies have
found a higher risk of overweight during infancy in children
exposed to the largest amounts of artificial sweeteners(22,24). The
incongruence with our results could be due to different
populations and adjustment models. Notably, the observed effect
sizes for these associations were modest, and reservations should
be kept before basing clinical advice on these results.

We adjusted for a variety of covariates that are potential
determinants of childhood obesity. We sought to account for
lifestyle variables by adjusting for overall diet quality (healthy
eating index), smoking in pregnancy, physical activity, duration of
breastfeeding and SES. However, acknowledging that it is an
inherent challenge to capture lifestyle factors in an observational
study, residual confounding may persist. Our study focused on
prenatal and early-life factors, and future investigations may
benefit from considering ASB consumption during childhood and
adolescence as a potential risk factor. Gestational weight gain was
not included in the primary analysis, as we considered it a potential
mediator of the association between ASB and childhood over-
weight, as a previous study showed an association between ASB
consumption in pregnancy and higher gestational weight gain(43).

Additionally, we found that daily consumption of SSB was
associated with a trend towards a lower overweight risk in the
offspring. Since the main difference between ASB and SSB is the
sweetening agent, these findings may indicate that artificial
sweeteners, rather than other components of the beverage, account
for the association found for ASB. Still, differences between those
choosing ASB over SSB remain; hence, residual confounding
cannot be excluded. Additionally, we found a trend towards a
decreased risk of overweight among children whose mothers
reported daily consumption of SSB, seemingly suggesting a
protective effect on childhood overweight. It should be noted, as
shown in Table 1, that the group reporting daily consumption of
ASB and the group reporting daily consumption of SSB differed on
several baseline values, which could affect the results. For instance,
women who reported daily consumption of SSB tended to have a
higher SES, had a lower pre-pregnancy BMI and tended to
breastfeed for a longer time compared with women who reported
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Table 1. Characteristics for all live born, singleton offspring born after gestational week 34 tomothers without diabetes in the Danish National Birth Cohort (Mean values and standard deviations; numbers and percentages)

Total Maternal ASB intake Maternal SSB intake

Characteristic n

n 90 293*

n

Never, n
34 910*

< 1/week, n
6990*

1–6/week, n
13 636*

≥ 1/d, n
11 313*

n

Never, n 5875*
< 1/week, n

8285*
1–6/ week, n

29 143*
≥ 1/d, n
23 443*

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Maternal age 90 293 30·4 4·3 66 849 30·8 4·3 30·2 4·2 29·9 4·1 29·7 4·1 66 746 30·8 4·4 30·8 4·4 30·4 4·2 30·1 4·2

Pre-pregnancy
BMI

83 195 23·5 4·3 63 079 22·9 3·8 23·4 4·0 24·0 4·3 24·6 5·0 62 975 24·2 5·0 23·5 4·2 23·5 4·2 23·3 4·0

Healthy eating
index, points/80

68 955 23 7 66 692 23 7 23 7 23 7 22 7 66 647 28 7 26 7 23 6 20 6

Total energy
intake, kcal/d

66 590 2471 683 64 334 2510 675 2390 669 2406 637 2507 713 64 249 2246 645 2278 603 2407 610 2689 696

n % n % n % n % n % n % n % n % n %

Smoking in
pregnancy

88 457 23 306 26 % 66 612 8418 24% 1497 22% 3273 24 % 3095 27 % 66 502 1429 24 % 1706 21 % 6673 23% 6393 27 %

Socio-economic
status

84 249 63 839 63 736

Unskilled, other
work or receives
public benefits

3331 4·0 % 1060 3·2 % 216 3·2 % 456 3·5 % 491 4·5 % 218 3·9 % 281 3·6 % 853 3·1 % 841 3·8 %

Working class,
craftsmen, short
education or
under education

24 449 29 % 8371 25% 1724 26% 3899 30 % 3855 36 % 1683 30 % 2118 27 % 7409 27% 6559 29 %

Leaders or long/
medium-long
education

56 469 67 % 23 833 72% 4740 71% 8686 67 % 6508 60 % 3700 66 % 5512 70 % 19 585 70% 14 977 67 %

Maternal SSB
intake

67 032 65 712

< 500 ml/week 23 833 36 % 9250 27% 3009 44% 5633 42 % 5559 51 %

500–1500 ml/
week

18 335 27 % 9826 28% 1832 27% 4183 31 % 2210 20 %

≥ 1500 ml/week 24 864 37 % 15 450 45% 2036 30% 3510 26 % 3214 29 %

Maternal ASB
intake

67 005 65 590

< 500 ml/week 47 644 71 % 2537 44 % 5549 68 % 20 812 72% 17 916 78 %

500–1500 ml/
week

7585 11 % 930 16 % 983 12 % 3747 13% 1731 7·6 %

≥ 1500 ml/week 11 776 18 % 2345 40 % 1670 20 % 4169 15% 3201 14 %
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Table 1. (Continued )

Paternal BMI 62 047 25·2 3·2 48 661 24·97 3·18 25·04 2·98 25·27 3·12 25·53 3·38 48 601 25·30 3·34 25·08 3·37 25·11 3·11 25·13 3·17

n % n % n % n % n % n % n % n % n %

Sex, boy 90 293 46 232 51% 66 849 17 784 51 % 3589 51 % 7111 52 % 5753 51% 66 746 2964 50 % 4243 51% 14 985 51 % 11 987 51 %

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Birth weight, g 89 897 3602 537 66 566 3604 532 3609 529 3613 539 3605 538 66 466 3599 533 3599 523 3610 529 3608 542

Gestational age,
weeks

90 288 40·06 1·48 66 848 40·07 1·47 40·09 1·48 40·07 1·48 40·04 1·50 66 745 40·05 1·50 40·07 1·48 40·08 1·46 40·06 1·49

n % n % n % n % n % n % n % n % n %

Physical activity in
early pregnancy

84 537 31 133 37% 64 033 12 513 37 % 2793 42 % 5190 40 % 4081 37% 63 930 2377 42 % 3318 42% 10 937 39 % 7886 35 %

Breastfeeding
duration

65 132 50 888 50 820

≤ 6 months 26 433 41% 9571 36 % 2007 38 % 4486 43 % 4162 49% 1950 44 % 2431 38% 8634 39 % 7173 40 %

> 6 months 38 699 59% 17 024 64 % 3340 62 % 5937 57 % 4361 51% 2445 56 % 3937 62% 13 652 61 % 10 598 60 %

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Timing of
introduction of
solid foods,
months

66 126 4·44 0·70 51 211 4·48 0·70 4·45 0·68 4·41 0·69 4·34 0·67 51 164 4·42 0·71 4·47 0·71 4·45 0·69 4·42 0·69

ASB, artificially sweetened beverages; SSB, sugar-sweetened beverages.
*Mean (SD); n (%).
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Table 2. Gestational age birth weight or overweight at different ages dependent on maternal beverage consumption during pregnancy (Odds ratios and 95 % confidence intervals)

ASB consumption SSB consumption

Age Consumption frequency n

Unadjusted

n

Adjusted†

n

Unadjusted

n

Adjusted†

OR 95% CI* OR 95 % CI* OR 95 % CI* OR 95% CI*

LGA at birth 66 078 45 690 65 976 45 656

Never – – – –

< 1/week 0·92 0·73, 1·13 0·79 0·60, 1·02 0·86 0·65, 1·13 0·90 0·65, 1·24

1–6/week 1·12 0·96, 1·31 0·99 0·82, 1·19 0·94 0·76, 1·18 1·03 0·79, 1·35

≥ 1/d 1·08 0·91, 1·28 0·89 0·73, 1·10 1·01 0·81, 1·28 1·15 0·87, 1·53

5 months 42 256 32 049 42 207 32 020

Never – – – –

< 1/week 0·85 0·77, 0·95 0·81 0·71, 0·92 0·96 0·84, 1·09 0·99 0·85, 1·16

1–6/week 1·05 0·97, 1·14 1·00 0·91, 1·10 0·86 0·77, 0·97 0·89 0·78, 1·02

≥ 1/d 1·05 0·97, 1·15 0·98 0·88, 1·08 0·92 0·83, 1·04 0·98 0·85, 1·13

12 months 39 361 35 988 39 320 35 969

Never – – – –

< 1/week 0·94 0·84, 1·05 0·90 0·80, 1·01 0·94 0·82, 1·07 0·97 0·84, 1·13

1–6/week 1·08 1·00, 1·18 1·00 0·92, 1·09 0·89 0·79, 1·00 0·93 0·82, 1·05

≥ 1/d 1·07 0·98, 1·17 0·96 0·87, 1·05 0·90 0·81, 1·02 0·99 0·87, 1·12

7 years 41 431 30 646 41 370 30 611

Never – – – –

< 1/week 1·10 0·98, 1·22 1·01 0·88, 1·15 0·84 0·73, 0·96 1·04 0·89, 1·23

1–6/week 1·34 1·23, 1·45 1·19 1·08, 1·32 0·79 0·70, 0·88 0·98 0·85, 1·12

≥ 1/d 1·53 1·41, 1·67 1·17 1·05, 1·29 0·79 0·71, 0·89 0·98 0·85, 1·15

11 years 29 020 21 909 28 971 21 866

Never – – – –

< 1/week 1·10 0·97, 1·25 1·06 0·90, 1·23 0·85 0·73, 1·00 1·04 0·86, 1·26

1–6/week 1·38 1·26, 1·51 1·19 1·06, 1·33 0·77 0·68, 0·88 0·90 0·77, 1·07

≥ 1/d 1·69 1·54, 1·87 1·19 1·05, 1·35 0·77 0·68, 0·89 0·82 0·69, 0·98

14 years 28 804 21 594 28 746 21 550

Never – – – –

< 1/week 1·04 0·92, 1·19 0·99 0·84, 1·16 0·84 0·72, 0·99 1·06 0·87, 1·30

1–6/week 1·34 1·22, 1·48 1·08 0·96, 1·22 0·78 0·69, 0·90 0·93 0·78, 1·10

≥ 1/d 1·73 1·57, 1·91 1·16 1·03, 1·32 0·80 0·70, 0·92 0·91 0·76, 1·09
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daily consumption of ASB. This indicates that the reference
groups are differently composed, which could potentially
introduce bias. This should be considered when interpreting
results.

When comparing low-calorie beverages and calorie-dense
beverages, it is likely to observe confounding due to differences in
energy consumption. Indeed, as portrayed in Table 1, total energy
intake in kcal was higher in the daily SSB-consumption group than
in the daily ASB-consumption group. In a sub-analysis adjusting
for total energy intake (kcal) instead of healthy eating index, the
results for ASB were minimally attenuated, while for SSB, some
regression towards the null was observed (online Supplementary
eTable S5 and eTable S6). To further investigate if the substitution
of ASB or SSB with other drinks would affect the results, we
constructed an isocaloric substitution model. In this model,
replacing ASB with SSB was associated with lower weight gain,
which is consistent with findings from unadjusted analyses that
consumption of ASB is associated with a higher risk of overweight.

The observed association between maternal ASB consumption
and offspring overweight manifested in mid-childhood, while we
saw no discernible correlation during infancy. There is a
substantial time gap between the measurements at 12 months
and 7 years, along with a large difference in overweight risk.
Keeping in mind that rapid weight gain from 2 to 6 years of age
increases the risk of manifest obesity(44), longitudinal analyses are
called for to fully comprehend the development of overweight in
this age period concerning ASB consumption. In infancy, we saw a
limited influence of ASB on overweight risk, which could indicate
that changes appear when the offspring start choosing their own
food to a larger extent. Furthermore, we found the highest OR for
overweight among 18-year-olds exposed to≥ 1 ASB/d during
pregnancy. One possibility could be that dietary habits and
lifestyle behaviour become increasingly independent of parental
behaviours with increasing age(45), while height has mostly
stabilised at age 18(46,47).

We found increasing BMI Z-score with increasing consump-
tion of ASB, suggestive of a dose-dependent association between
artificial sweetener consumption and risk for overweight in the
offspring. One ASB or SSB was defined as 250 ml, corresponding
to one regular glass of, for example, artificially sweetened soda.
Danish Health Authorities recommend that adults consume no
more than 500 ml of soda or non-carbonated sweetened beverages
weekly(48). According to our data, this recommendation was
followed by 36 % of the women regarding SSB and 71 % of the
women regarding ASB (Table 1). Our results highlight the
importance of limiting consumption of SSB and ASB, and the low
adherence to recommendations is concerning.

As previously described, some artificial sweeteners are trans-
ferred to the child via breast milk, enabling postnatal exposure.
When the women report consuming artificial sweeteners during
pregnancy, we speculate that these patterns continue postpartum,
meaning that the children are further exposed to artificial
sweeteners in infancy. Early exposure to artificial sweeteners
showed contradictory evidence on metabolic effects in a
systematic review(49); however, no reports on infant artificial
sweetener exposure were included. If the children, who were
exposed to artificial sweeteners in utero continue exposure
postnatally, this could account for some of the associations
observed in our results. Studies on the consequences of infant
exposure to artificial sweeteners are warranted to investigate this
possible association.
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Despite the robust sample size and extended follow-up,
limitations inherent in observational studies, such as self-reported
data and recall bias, remain in this study. Limitations include the
reliance on self-reported beverage consumption, which holds
uncertainty andmakes it impossible to investigate specific artificial
sweeteners. Furthermore, the questionnaire did not include other
sources of artificial sweeteners, including tabletop sweeteners.
Additionally, there have been substantial changes in artificial
sweetener usage patterns since the data collection (1996–2003),
with an increase in consumption(50), which could impact the

generalisability of our findings today. There is evidence of some
selection bias in the DNBC, and despite inclusive inclusion criteria,
some segments of the population may be underrepresented(51).

Adjusting for a variety of confounders eliminated many
potential participants from this study. Thus, the adjusted results
are based on fewer participants than those available for the
unadjusted analyses, resulting in less precise adjusted estimates. An
influence by confounding factors cannot be discounted despite
adjustment due to the uncontrolled environment intrinsic in
observational studies. Characteristics for the participants at each

Fig. 2. Forest plots summarising adjusted odds ratios for large for gestational weight birth weight or overweight depending on maternal artificially sweetened beverage
consumption and age. The adjustment model included maternal pre-pregnancy BMI, healthy eating index, age, smoking during pregnancy, physical activity in early pregnancy,
duration of breastfeeding (except at birth), socio-economic status and paternal BMI.
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follow-up are shown in online Supplementary eTable S2. When
interpreting the results, it is important to consider that due to the
extensive sample size, even minor associations may achieve
statistical significance. Thus, the clinical implications of these
associations may be modest.

Presently, women with diabetes and/or overweight are
recommended to substitute SSB with artificially sweetened
alternatives during pregnancy(21). While this may be motivated
by goals of limiting gestational weight gain(52,53), this study suggests
adverse long-term effects, as there is an observed tendency towards
an increased risk of overweight in the offspring if these
recommendations are met. We excluded women with diabetes
in this analysis, but existing evidence shows an increased OR of
overweight among children born to women who had gestational
diabetes and were exposed to artificial sweeteners during
pregnancy(23).

In conclusion, we found in adjusted analyses that daily
consumption of ASB during pregnancy increased the odds of
overweight in mid-childhood and adolescence, but not in infancy.
Furthermore, we found a trend suggesting that daily consumption
of SSB during pregnancy was associated with a decreased risk of
overweight in adolescence. Longitudinal evidence for the offspring
at ages 2–6 years is warranted to better understand the association.
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