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Clinical Trials: Nutrition and Growth

Fish Oil And/Or Probiotics Intervention in Overweight/
Obese Pregnant Women and Overweight Risk in 

24-Month-Old Children
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*‡Harri Niinikoski, MD, PhD, §Kristiina Tertti, MD, PhD, and *||Kirsi Laitinen, PhD

ABSTRACT 

Objectives: To evaluate whether a fish oil and/or probiotics intervention in 
pregnant women with overweight or obesity would influence the tendency 
of their 24-month-old children to become overweight and alter their body 
fat percentage.
Methods: Women (n = 439) were double-blindly randomized into 4 inter-
vention groups: fish oil+placebo, probiotics+placebo, probiotics+fish oil, 
and placebo+placebo (fish oil: 1.9 g docosahexaenoic acid and 0.22 g eicos-
apentaenoic acid, probiotics: Lacticaseibacillus rhamnosus HN001 and 
Bifidobacterium animalis ssp. lactis 420, 1010 colony-forming units each). 
The intervention lasted from early pregnancy until 6 months postpartum. 
Children’s (n = 330) growth data (height, weight, head circumference), a 
secondary outcome of the trial, were evaluated at birth, 3, 6, 12, and 24 
months of age and compared to Finnish growth charts. Body fat percentage 
was measured with air displacement plethysmography (24 months). Logis-
tic regression and general linear models were used to analyze the data.
Results: Probiotics+placebo [weight-for-height% adj. Odds ratio 
(OR) = 0.36, 95% confidence interval (CI) = 0.14–0.95] and probiotics+fish 
oil [weight-for-age standard deviation score (SD-score) adj. OR = 0.22, 
95% CI = 0.07–0.71] associated with lower overweight odds in 24-month-
old children compared to placebo+placebo. Results remained essentially 
the same, when probiotics’ main effect (combined probiotics+placebo and 
probiotics+fish oil) was estimated; that is, lower overweight odds (weight-
for-height% adj. OR = 0.48, 95% CI = 0.25–0.95 and weight-for-age SD-
score adj. OR = 0.42, 95% CI = 0.20–0.88) compared to non-probiotics. No 
fish oil main effect (combined fish oil+placebo and probiotics+fish oil) was 
seen. The intervention did not influence body fat percentage.
Conclusions: The administration of probiotics solely and in combination 
with fish oil during pregnancy to women with overweight or obesity lowered 
the overweight odds of their 24-month-old children.
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(JPGN 2022;76: 218–226)

Pregnancy is a continuum of various physiological adjustments, 
including those occurring in glucose and insulin metabolism to 

ensure the proper growth of the fetus (1). Maternal adiposity poses an 
additional burden on the metabolism including insulin resistance and 
low-grade inflammation (2). Subsequently, the fetus is at an increased 
risk for higher birthweight (3) and even obesity later in life (4), prob-
ably through early programming mechanisms (5). Modification of 
early life circumstances, for example, by fish oil and/or probiotics 
administration, could be a feasible way to support child’s growth.

The evidence on the effects of fish oil, particularly long-chain 
polyunsaturated fatty acid (LC-PUFA), and probiotics on child’s 
growth is limited, but some promising reports do exist. Previously 
fish oil supplementation during pregnancy has been associated with 

What Is Known

	•	 Children of mothers with overweight or obesity are 
at an increased risk for overweight in later life.

	•	 Preliminary evidence indicates that probiotics and 
fish oil have beneficial effects on child growth, but 
their combined effects is not known.

What Is New

	•	 Administration of probiotics alone and in combina-
tion with fish oil during pregnancy lowered the risk 
of child being overweight at the age of 24 months.

	•	 The intervention with probiotics and fish oil may 
benefit the growth of children of mothers with over-
weight or obesity.
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a higher birth weight, height, and greater head circumference (6–8), 
and with a higher body lean mass at birth, but not with body fat per-
centage or fat mass (8). Further, LC-PUFA intake during pregnancy 
has lowered obesity risk of 3-year-old children (9). Probiotics are 
shown to exert beneficial effects on the adult’s weight (10–12), but 
their impact on child’s weight has been less studied. In 1 trial, pro-
biotics administration during pregnancy is associated with lower 
excessive weight-gain in 4-year-old children (13). However, not 
all studies have found associations between these supplements and 
child’s growth, weight, or body composition (14–16). Fish oil and 
probiotics potentially have co-effects on maternal metabolism (17), 
but this view has not been yet studied with regards to child’s growth. 
We hypothesized that fish oil and/or probiotics supplementation 
during pregnancy is beneficial for the child’s growth through their 
effects in regulating low-grade inflammation and insulin metabo-
lism (18–21). Our objective was to investigate whether a fish oil 
and/or probiotics intervention of women with overweight/obesity 
influence their 24-month-old child’s overweight and fat percentage. 
Furthermore, the intervention effects on height, weight, and head 
circumference from 3 to 24 months were evaluated.

METHODS

Study Design and Participants
In this sub-study of a double-blind, placebo-controlled ran-

domized trial, we investigated whether the administration of fish 
oil and/or probiotics supplements to pregnant women with over-
weight/obesity could affect overweight and fat percentage of their 
24-month-old children. Secondly, we investigated the intervention’s 
effects on the child’s height, weight, and head circumference. The 
trial design has been described previously (22) (ClinicalTrials.
gov Identifier: NCT01922791). Briefly, the inclusion criteria were 
early pregnancy (<18 gestational weeks), pre-pregnancy body mass 
index (BMI) ≥ 25 kg/m2, and no presence of chronic diseases. A 
total of 439 women were recruited in Southwest Finland (Octo-
ber 2013–July 2017). For this study, we included those children in 
whom we had growth data from at least 1 measuring point over the 
24-months’ study period, the total sample being 330 child-mother-
dyads (Figure 1, Supplemental Digital Content 1, http://links.lww.
com/MPG/C990). Two study visits were arranged during pregnancy 
and 4 after delivery (3, 6, 12, and 24 months). The women filled in 
3-day food diaries in early pregnancy, from which dietary patterns, 
a healthier and an unhealthier (data not shown), were identified as 
described previously (23). The study was carried out according to 
the guidelines laid down in the Declaration of Helsinki. The Ethics 
Committee of the Hospital District of Southwest Finland approved 
the study protocol. Each participant provided written informed con-
sent before participation.

Fish Oil And/Or Probiotics Supplementation
At the baseline (13.9 ± 2.1 gestational weeks), the women 

were double-blindly randomized into 4 parallel intervention 
groups (fish oil+placebo, probiotics+placebo, probiotics+fish oil, 
placebo+placebo), and the intervention lasted until 6 months post-
partum. Fish oil capsules (Croda Europe Ltd., Leek, UK) contained 
2.4 g n-3 fatty acids: 1.9 g docosahexaenoic acid (DHA, 22:6-n-3), 
0.22 g eicosapentaenoic acid (EPA, 20:5-n-3), and other n-3 fatty 
acids, including docosapentaenoic acid. Placebo capsules con-
tained medium-chain fatty acids, such as capric acid. The probiotic 
capsules contained 1010 colony-forming units of Lacticaseibacillus 
rhamnosus HN001 (formerly Lactobacillus rhamnosus HN001) 
(ATCC SD5675; DuPont, Niebüll, Germany) and Bifidobacte-
rium animalis ssp. lactis 420 (DSM 22089; DuPont). Placebo cap-
sules consisted of microcrystalline cellulose. The size, shape, and 

color of placebo capsules were identical to the intervention cap-
sules. The women were instructed to take 2 fish oil capsules and 
1 probiotic capsule daily. Allocation into intervention groups was 
conducted according to women’s parity and gestational diabetes 
mellitus (GDM) history (primipara, multipara, multipara + pre-
vious GDM). The stratified randomization was performed with 4 
random permuted blocks, and a statistician (not involved in recruit-
ment or study execution) generated randomization lists of the 3 
blocks. Altogether, 88.4% women reported good compliance with 
the intervention (17). These supplements were selected based on 
the previous scientific knowledge. L rhamnosus HN001 is a well 
characterized probiotic (24). B animalis ssp. lactis 420, a novel pro-
biotic, and fish oil, particularly LC-PUFA, influence beneficially 
insulin metabolism and inflammation (18,19,25,26). Additionally, 
LC-PUFA is needed in child’s growth and development (27).

Childs’s Anthropometrics and Body 
Composition

Children’s growth data were obtained from child welfare 
clinic cards during the study visits. Weight-for-height%, weight-, 
height-, head circumference-, and BMI-for-age standard deviation 
(SD)-scores were calculated according to Finnish growth references 
(28,29). Appropriate growth references (30) were used for preterm 
children (n = 24). The BMI-for-age SD-score (n = 149) was calcu-
lated for children whose age was ≥1.995 years. A weight-for-age 
SD-score was categorized into normal/underweight, overweight, 
and obese (≤1 SD, >1–2 SD, and >2 SD, respectively), weight-for-
height% into normal/underweight, overweight, and obese (<+10%, 
+10–20%, and >+20%, respectively), and BMI-for-age SD-score 
into normal/underweight, overweight, and obese (girls: <1.1629 
SD, 1.1629–1.1629 SD, and ≥2.1065 SD, and boys:<0.7784 SD, 
0.7784–0.7784 SD, and ≥1.7016 SD) (29). Since the numbers of 
children with underweight were small (n = 9/250, 3.6%) they were 
combined with the children with normal weight (normal weight 
+ underweight). Correspondingly, the children with obesity (n = 
14/250, 5.6%) were combined with the children with overweight 
(overweight + obese). These groups are hereafter referred to as nor-
mal weight and overweight.

The body composition of children was measured using air 
displacement plethysmography (the Bod Pod-system, software ver-
sion 5.4.0, COSMED, Inc., Concord, CA) according to the man-
ufacturer’s instructions, applying the pediatric option in the Bod 
Pod-system. Children were measured wearing a tight cap and under-
wear/swimming trunks without a diaper. They did not have restric-
tions regarding eating or drinking. The density model devised by 
Fomonet al (31) was used to calculate body fat percentage (n = 73).

Statistical Analysis
The normality of the data was evaluated visually using his-

tograms. Normally distributed variables are described as mean ± 
SD, those not normally distributed as median (interquartile range), 
and categorical variables as frequency (%). One-way ANOVA and 
independent samples t test were used to compare normally dis-
tributed data, otherwise Kruskal-Wallis or Mann-Whitney U-test 
were used. Chi-squared or Fisher exact test was used for categori-
cal data. The differences in the child’s overweight odds were evalu-
ated using binary logistic regression models. Additionally, binary 
logistic regression models were used to analyze the main effects 
of fish oil and probiotics and a fish oil × probiotics interaction 
effect on the child’s overweight odds. General linear models were 
used to compare mean growth in height, weight, and head circum-
ference between the groups. The impact of fish oil and probiotics 
on child’s growth measures was analyzed by general linear mod-
els with the main effects for fish oil and probiotics as well as a 
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fish oil × probiotics interaction effect. Analyses of covariance for 
repeated measurements were used to evaluate the difference in the 
child’s growth between the groups over the 24-month study period. 
Fat percentage was not normally distributed and was natural log 
transformed in the statistical analyses. Analysis were adjusted 
for maternal prepregnancy smoking status as it differed between 
the groups at baseline, child’s age at the measurement (weight-
for-height%), and birthweight as it is known to influence child’s 
growth and was associated with the outcomes. A 2-tailed P value 
< 0.05 was considered significant. The analyses were performed 
with IBM SPSS statistics version 27.0 for Windows (IBM SPSS 
Inc., Chicago, IL).

RESULTS

Clinical Characteristics of Mothers and 
Children

The clinical characteristics of the mothers and their chil-
dren are presented in Table 1. The women were generally highly 
educated, and every second woman was primipara. The majority 
of the women had overweight (60.6%) and the rest had obesity. 
Considering the intervention groups, the only difference was evi-
dent in the women’s prepregnancy smoking status; the proportion 
was highest in the placebo+placebo group. No differences in chil-
dren’s characteristics were seen between the groups (Table 1). The 
majority of the children had normal weight (81.6%) and the rest 
had overweight (girls = 17.1%, boys = 19.7%, all = 18.4%), when 
evaluated by weight-for-height%, at 24 months of age (Table 2).

Impact of the Intervention on Children’s 
Overweight Status at 24 Months of Age

We observed that maternal consumption of (1) 
probiotics+placebo and (2) probiotics+fish oil were associated with 
lower odds of child being overweight (1 = weight-for-height%, 2 
= weight-for-age SD-score as outcomes) when compared to the 
placebo+placebo in the adjusted models (Table 2). We also inves-
tigated the main effects of fish oil (combined fish oil+placebo-
group and probiotics+fish oil-group) and probiotics (combined 
probiotics+placebo-group and probiotics+fish oil-group) on the 
child’s overweight after checking that the interaction effect between 
fish oil and probiotics was not significant (Table 1, Supplemental 
Digital Content 2, http://links.lww.com/MPG/C991). We found that 
probiotics consumption was associated with lower overweight odds 
of child, using weight-for-height% and weight-for-age SD-score as 
outcomes, as compared to non-probiotics in the adjusted models 
(Table 1, Supplemental Digital Content 2, http://links.lww.com/
MPG/C991). Fish oil administration did not influence the child’s 
overweight odds.

The children’s adiposity was investigated in more detail by 
measuring their body fat percentage at 24 months of age but no dif-
ferences were detected between the intervention groups (Table 3). 
Furthermore, in the evaluation of the main effects, neither fish oil 
nor probiotics influenced the body fat percentage (Table 2, Supple-
mental Digital Content 3, http://links.lww.com/MPG/C997).

Impact of the Intervention on Children’s 
Height, Weight, and Head Circumference 
During the First 24 Months of Age

The mean growth of the children was within the normal 
reference range over the study period (Table 3). No differences in 
the growth markers between the intervention groups were seen at 

any time point (Table 3). We further investigated the main effects 
of fish oil (combined fish oil+placebo-group and probiotics+fish 
oil-group) and probiotics (combined probiotics+placebo-group 
and probiotics+fish oil-group) on the child’s growth markers as 
the interaction effect between fish oil and probiotics was not sig-
nificant (Table 2, Supplemental Digital Content 3, http://links.lww.
com/MPG/C997). After adjusting for confounders, it was found 
that maternal probiotics consumption was associated with lower 
weight-for-height% and weight-for-age SD-score of 24-month-old 
children (Table 2, Supplemental Digital Content 3, http://links.lww.
com/MPG/C997). Fish oil consumption did not influence these 
growth markers.

We found that the intervention group and time had an inter-
action effect on the child’s height-for-age SD-score (intervention 
group × time effect, P = 0.02), but not on the weight or head cir-
cumference variables (Fig. 1). Specifically, the mean height-for-age 
SD-score decreased more in the probiotics+fish oil-group than the 
placebo+placebo-group (intervention group × time effect, P = 0.02) 
over the 24-months’ period (Fig. 1).

DISCUSSION
We demonstrated that maternal consumption of L rhamno-

sus HN001 and B animalis ssp. lactis 420 solely and in combina-
tion with fish oil from early pregnancy onwards associated with 
lower overweight odds of their 24-month-old children. However, no 
intervention effect on the body fat percentage was seen. Although 
the mean growth was within the normal reference range, the com-
bination of probiotics and fish oil associated with a lower height-
for-age SD-score of the children when compared to placebo-group 
during the 24-months’ study period.

Our findings suggest that maternal probiotics consumption 
(1010 colony-forming units of L rhamnosus HN001 and B animalis 
ssp. lactis 420) lowered the overweight odds and weight of their 
children. The same result was seen with the combination of pro-
biotics and fish oil. Our findings are in line with a previous Finn-
ish study (n = 159) in which a probiotics supplementation (1 × 1010 
colony-forming units of L rhamnosus GG) during pregnancy and 
for 6 months postpartum (to the breastfeeding mothers otherwise to 
the children) was associated with a lower weight-gain particularly 
in 4-year-old children (13). Nevertheless, not all investigators have 
detected an association between probiotics supplementation during 
pregnancy and child’s weight, as indicated in a recent meta-analysis 
(16), although in these trials, the growth outcome was evaluated via 
birthweight. Contrary to our hypothesis, we did not detect an asso-
ciation between the probiotic supplementation and child’s body fat 
percentage. Our result is partly in line with 1 study (New Zealand, 
n = 230) (32) demonstrating no difference in body fat percentage 
(measured by the Pea Pod-system) of children at birth as a response 
to probiotics supplementation (minimum 6.5 × 109 colony-forming 
units of L rhamnosus GG and B lactis BB-12) to obese pregnant 
women. It is noteworthy that in our study the number of children 
(n = 73), whose body composition was measured, was relatively 
low which affects the trial’s power to detect differences between 
the groups. Additionally, the probiotic’s impacts can be different 
depending on the bacteria strain used. Taken together, there is thus 
far limited evidence available on the association of the probiotics 
consumption during pregnancy and child’s body composition. Con-
sidering the health burden attributable to obesity, this is a topic that 
deserves further investigation.

The presence of obesity has been associated with low-grade 
inflammation in the body (33), thus the beneficial effects of probiot-
ics on child’s weight may be due to their anti-inflammatory effects 
during pregnancy (21,34). The inflammatory markers can cross the 
placenta and affect the development of metabolic pathways in the 
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fetus that could later lead to the development of various diseases, 
such as obesity (35). Probiotics may also influence child’s weight 
development by beneficially modifying the composition of intesti-
nal microbiota (36,37). That leads to production of short-chain fatty 
acids which can influence the metabolic programming of the fetus 
(38). Additionally, probiotics are able to decrease DNA methyla-
tion of obesity- and weight gain-related genes in both mothers and 
children that could lead to silencing of these genes and to a lower 
weight in the children (39).

As far as we are aware, this is the first study investigating 
the combined effects of probiotics and fish oil on child’s growth, 
as no previous literature is available. We observed that the chil-
dren whose mothers received the combination of probiotics and 
fish oil were shorter than those of mothers who received placebo 
over the 24-months’ study period. It is of note that the mean 
growth was within the normal reference range, thus the result may 
be interpreted to reflect potentially an adverse effect of the combi-
nation of these supplements. However, rapid growth in childhood 
is not necessarily desirable, as it may associate with overweight 
in later life (40). Indeed, previous evidence indicates that there is 
a positive association between overweight and height in infancy 
(41,42). Here, children of mothers in the combined probiotics and 
fish oil-group were less often overweight when compared to those 
in the placebo-group. Furthermore, it should be remembered that 
the child’s growth is a dynamic process affected by environmental 
but also genetic factors especially during the first years of his/her 
life (43).

We did not find any evidence that fish oil alone affected chil-
dren’s overweight odds or body fat percentage. The reason for our 
finding is not clear, but one explanation could be that all the women 
were overweight/obese, which could have attenuated the effect of 
n-3 fatty acids. This has been previously revealed in 1 study, where 
LC-PUFA (DHA 0.80 g, EPA 1.20 g/day) supplementation dur-
ing pregnancy led to lower plasma concentration of LC-PUFA in 
women with obesity compared to lean women (44). Similarly, some 
previous investigators have not detected any association between 
fish oil supplementation, using lower doses (DHA = 0.80 g/day, 
EPA = 0.10 g/day; DHA = 0.40 g/day; DHA = 0.8 g/day, EPA = 1.2 g/
day) than provided in our study (DHA = 1.9 g, EPA = 0.22 g/day), 
and weight, fat percentage or mass, height and head circumference 
at birth (8,15), and adiposity in 3- or 5-year-old children (14). In 
contrast, others have shown that DHA supplementation, even at a 
low dose (200 mg/day from 21st gestational weeks until 3 months 
postpartum) and a higher LC-PUFA intake from the diet dur-
ing pregnancy is associated with a lower weight, BMI, and obe-
sity risk in 21- and 36-month-old children (9,45). It is of note that 
the amount of EPA and DHA, the intervention duration, and the 
targeted intervention population as well as the child’s age could 
account for these apparently discrepant findings.

Our study has various strengths. We used data from a ran-
domized, placebo-controlled, double-blind clinical trial that enabled 
us to take into consideration possible confounding factors in the 
statistical analysis, although we did not adjust for breast-feeding, 
due to partially missing data, which may contribute to child’s 
growth (46). We also had detailed longitudinal data available on the 
children’s height, weight, and head circumference up to 24 months. 
We measured the children’s body composition with a sensitive air 
displacement plethysmography, comparable to underwater-weigh-
ing, the state-of-the-art method for body composition analysis. As 
overweight and obesity are global public health problems (47), our 
study provides essential knowledge about whether supplementa-
tion of fish oil, probiotics, and for the first time their combination 
in pregnant women with those metabolic disturbances could regu-
late the child’s growth, especially the overweight risk. Our study 
also has limitations. All study women had overweight/obesity, and TA
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maternal BMI is known to associate with children’s adiposity. How-
ever, our study sample represents the all-too-common clients arriv-
ing in Finnish maternal clinics nowadays (48). The women included 
in the study had higher education level and they smoked less likely 
before pregnancy when compared to those not included (Table 3, 
Supplemental Digital Content 4, http://links.lww.com/MPG/C998). 
Highly educated women may have an overall healthier lifestyle, 
including diet that could also itself reflect child feeding practices 
and thus child growth. However, the percentage of girls with over-
weight in our study (17.1%) is consistent to that of Finnish popu-
lation (18%) (49), although the percentage among boys is lower 
(19.7% vs 29%). Furthermore, limitations were that the body fat 
percentage was available in only one-third of the children, and we 
collected the growth data from clinic cards. Although predefined in 
the trial, the outcomes assessed here were secondary outcomes, and 
thus no power-calculation could be performed.

CONCLUSIONS
We conclude that the probiotics consumption on their own 

or in combination with fish oil from early pregnancy onwards could 
be beneficial for lowering the overweight odds of 24-month-old 
children born to mothers with overweight/obesity. Probiotics and 
fish oil administration together seemed to lead slower growth of 

children, although within the normal reference range. The clinical 
significance of this finding needs further elucidation but may sup-
port our finding that these children less likely became overweight 
when they are 24 months old. Our findings could be utilized in the 
dietary counseling of the most vulnerable women, that is, those 
with overweight/obesity, as it is putative that this population would 
mostly benefit from the intervention (19,21,50).
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